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ABSTRACT

The chief target of this existing study is to demonstrate and discuss
the problem behaviors of ternary hybrid nanofluid (HNF) flow across
a vertical sheet. The boundary layer through a Casson medium and
magneto-hydrodynamics effects were considered. Besides that, the con-
stant wall temperature boundary conditions were also subjected to the
present problem. The non-dimensional dominant equations for the con-
sidered problem are studied numerically, and the Keller box method
(KBM) is meticulously chosen because of its suitability and accuracy.
The outcome linear system of equations was programmed via MATLAB
command software. The impact of magnetic, Casson ternary (HNFs),
and mixed convection coefficients on the interested physical quantities in
this study were obtained as results on the type figures and tables. These
work outcomes agree with earlier work outcomes. The outcome linear
system of equations was programmed via MATLAB command software.
The effects of magnetic, Casson, nanoparticle (NPs) volume fraction,
and mixed convection parameters on Nusselt number (Nu), local skin
friction, temperature profiles, and velocity profiles were obtained as results
from the type figures and tables. As an important result, the parameters
enhanced the heat transfer, velocity, and friction when adding (NPs), so
the ternary (HNFs) studied in the present study became an efficient fluid.
These current work outcomes are in excellent agreement with earlier work
outcomes.
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T, Wall temperature K
T, Ambient temperature K
B, Magnetic field strength T (Tesla)
B (CF) parameter -
Xag» X7i0y» Xco Yolume fraction of (NPs) (Ag, TiO,, GO) -
Orane Density of ternary (HNF) kg/m’
THNE Dynamic viscosity of ternary (HNF) Pa-s
K rune Thermal conductivity of ternary (HNF) W/m-K
¢ Skin friction coefficient -
Nu Nusselt number -
O 1 Electrical conductivity of ternary (HNFs) S/m
Pr Prandtl number -
Re Reynolds number -
M Magnetic parameter -
alc Stretching sheet parameter -
A Mixed convection parameter -
n Similarity variable -
f() Dimensionless stream function -

0(n) Dimensionless temperature profile —

1 Introduction

A hybrid nanofluid (HNF) improves thermal properties where different kinds of (NPs) are
dispersed inside a base fluid, usually a liquid like water, oil, or ethylene glycol. This amalgamation
can enhance thermal conductivity, heat transfer rates, and overall fluid efficiency compared to
conventional nanofluids that utilize a singular (NP) type. Incorporating several (NPs) can provide
synergistic effects that enhance heat conductivity. Hybrid nanofluids (HNFs) provide enhanced heat
transfer properties, rendering them appropriate for cooling systems and renewable energy technologies.
The amalgamation of many (NP) kinds can improve suspension stability, mitigating sedimentation and
agglomeration challenges. They possess potential uses across multiple domains, including automotive,
aerospace, electronics cooling, and others. Yaw et al. [1] described a (HNF) primarily consisting of
nanoplatelets of graphene and nanocrystals of cellulose (NPs) floating in distilled water to ethylene
glycol. A reverse flow cooler was utilized in assessing the (HNF) thermal performance. Poloju et al. [2]
conducted a study on the effects of (HNFs) on the flow efficiency and heat transfer of a thermal
exchanger experimentally. The heat transfer efficiency improved to 94% with the utilization of (HNFs).
The used (NPs) have superior heat transmission capability relative to the other HNFs. Alwawi et al. [3]
tested energy transportation in nanofluids, focusing on the mixed convection flow of a Williamson
(HNF).

Almse’adeen et al. [4] studied the properties of mass and heat transmission in Casson Ternary
(HNFs), subjected to a magnetic field, at a stable temperature at the wall boundaries. Madiwal et al. [5]
examined the capabilities of a Casson (HNF), where ZnO and MoS, (NPs) are suspended in the oil of
the engine, to improve the chemical properties of a lubricant influence. Akbar et al. [6] examined the
physical simulation of Casson (HNF) flow characterized by magnetization and heat radiation, within
a laminar, incompressible channel. The (CF) type was named after Casson when he proposed it for
the first time [7] in 1959 during an investigation into the rheological properties of pigmented ink. The
chemical reaction effect on heat and mass transfer by mixed convection flow of (CF) was considered
by El-Kabeir et al. [¢] in their study of mixed convective flow. Khan et al. [9] investigated the classical
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Graetz problem theoretically using the (CF) model. Solving the flow problem is performed using the
bvp4c methodology. Hamarsheh et al. [10] introduced a simulation study of the natural convective flow
of a Casson nanofluid along a horizontal cylinder using a methanol-based fluid. The study performed
by Yusofet al. [1 1] focused on investigating the impact of radiation on (CF) flowing through a rapidly
accelerated plate, taking into consideration the effects of permeability and slip.

The magnetic field can be utilized to regulate or enhance flow, either diminishing turbulence or
augmenting laminar heat transfer. Al-Hanaya et al. [12] examined the conduct of time-dependent (CF),
considering magnetohydrodynamics influence and Darcian flow. The impact of viscous dissipation
on the pace at which energy is dissipated is a key focus within the Casson model. The interaction
between the Casson model and viscous dissipation can result in complex fluid behaviour, causing
non-linear temperature gradients and modified flow dynamics. Comprehending this interaction is
crucial for effectively forecasting and comprehending the actions of nanofluids in real-world scenarios.
Pop et al. [13] study the behavior of a (CF) subjected to dissipation effects and thermal radiation to
find the free convection in a square cavity. Khan et al. [14] have examined the behaviour of (CF) in
Blasius and Sakiadis flows, taking into account the effects of viscous dissipation. Hayat et al. [15]
have provided a detailed analysis of a magneto-hydrodynamic (CF) with changing characteristics
including viscous dissipation. Barik et al. [16] investigated the thermal radiation effect on a tur-
bulent magnetohydrodynamic (MHD) flow around an inclined porous heated plate, considering
viscous dissipation. Qasim et al. [17] have elucidated the phenomenon of viscous dissipation in the
boundary layer flow of (CF), specifically concerning heat transfer over a shrinking permeable strip.
Medikare et al. [18] considered the flow of (MHD) (CF) across a non-linear stretching surface with
viscous dissipation, specifically focusing on the stagnation point. Moreover, viscous dissipation effect
on the overall dynamics of the nanofluid is significant and should not be disregarded [19]. The delicate
equilibrium between viscous dissipation and other influential elements, such as thermal conduction
and convection, can greatly impact the thermal efficiency of the nanofluid. The complex interaction
emphasizes the need of take into account viscous dissipation in the modeling and analysis of nanofluid
systems.

The (KBM) is a numerical methodology employed to solve partial differential equations that
characterize fluid flow, especially regarding boundary layer issues. This technique is frequently
utilized in the Navier-Stokes equations or other associated models in fluid dynamics. It is especially
convenient for examining flows with intricate geometries or boundary conditions. Jamshed et al. [20]
examined the Casson nanofluid flow under inclined magnetohydrodynamics, Joule heating, incor-
porating viscous dissipation, thermal radiation, and particle structure factor impacts on a moving
smooth horizontal surface, alongside an entropy analysis. Numerically solved these problems via
the conventional (KBM). Alwawi et al. [21] examined the intrinsic energy transfer dynamics of a
trihybrid Jeffrey nanofluid as it traverses a radiating, magnetized cylinder. The Keller-box method
is utilized to estimate the mathematical solution governing the problem. For (HNF) flow over a
starching sheet with thermal radiation, Farooq et al. [22] investigated the features of the entropy
profiles, thermal fields, and velocities. The carbon nanotubes, specifically single- and multi-walled
carbon nanotubes, are employed as (NPs) that exhibit a Cattaneo-Christov heat flux. In this scenario,
ethylene glycol is employed as the basis fluid. MATLAB’s famous and extremely efficient Keller-box
technique was used. Alzu’bi et al. [23] conducted a computational analysis of energy transmission and
heat transfer in Casson ternary (HNFs), that incorporate mixed convection flow over a downward
stretched sheet. The research investigates Newtonian thermal boundary conditions and the impact of
magnetohydrodynamics (MHD). The Keller box numerical approach is employed to provide results
with precision and efficiency.
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Recently, convection boundary layer flow problems have been widely cared for in fluid dynamics
fields applied in industry and engineering. So, heat transfer has been widely used in solar heaters and
engine cooling. Moreover, the treatment and improvement of fluids by adding (NPs) were utilized to
raise efficiency and gain advantages in industrial and applied fields. Depending on the above literature,
this numerical examination exhibits mixed convection in (CTHN) heat transfer characteristics over a
magnetic medium vertical stretching sheet. All mathematical transformations for the studied model
that govern the stated problem, were presented and solved. Consequentially, the numerical outcomes
were discussed, analyzed, and displayed as figures and tables.

The novelty of this study appears in studying the effects of Casson ternary (HNFs) in magneto-
hydrodynamic fields, motivated by the previously published works investigated. This work primarily
focuses on combined convection flow over a vertical stretched sheet in ternary (HNFs) subjected to a
magnetic field. Furthermore, ternary hybrid (NPs), including Silver, Titanium dioxide, and Graphene
oxide, are integrated, with water serving as the base fluid. The formulated governing equations for
the analyzed problem are transformed into a system of partial differential equations (PDEs) through
the application of appropriate similarity transformations. Thus, these PDEs can be solved numerically
using the Keller box approach. Various ways exist to obtain numerical and graphical outcomes of the
current research; nevertheless, the Keller box strategy is more straightforward for simulation and for
developing MATLARB software. This strategy yields more precise findings.

This work arrangement is presented as: problem formulation is considered in Section 2. The
numerical method and accuracy are presented in Section 3. Results and discussion are considered in
Section 4 where the conclusion of this study is presented in Section 5.

2 Problem Construction

Heat transfer of (CTHN) was studied considering magnetohydrodynamic effects on the vertical
stretching sheet. Constant wall temperature boundary conditions were also considered. The (NPs),
Ag, TiO,, GO, suspended in based fluid, Water, were utilized in this investigation. The impacts of
the magnetohydrodynamic MHD, Casson, and (NPs) volume fraction were included. As illustrated
in Fig. 1, the coordinate geometry is defined in which the ternary (HNF) flows in the form of the
x-coordinate and is estimated horizontally over the vertical stretching sheet. Correspondingly, the y-
coordinate is gauged by the height orthogonal to the assumed vertical stretching sheet.

Thermal boundary layer

Magnetohydrodynamic,
Casson ternary hybrid
nanofluids

Momentum boundary layer

Vertical
stretching sheet

X

T T T T T
M e

Figure 1: The physical model
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By looking at these hypotheses depending on Casson and magnetohydrodynamics influences,
besides the tri (HNFs) model, the two-dimensional dominant equations, is [24,25]:

U dV

— +— =0. 1

X + Y W
8 U 8 V a U /-’LTHNF 1 82 U O—THNF

U—+V—=U— 14— Tr—-T,) — B(U-U,). 2
e 5Y % + oo ( + ,3) e + (0B) runrg ( ) Do o ( ) (2)

aT aT k 0*T
U4 V—e—=—"" 3)
X Y (pCr)ruyr 9*

(UV), T, B, B;, are pointed to velocity components that depend on the directions of X and Y,
temperature, Casson parameter, and magnetohydrodynamics field strength, respectively [26,27].

The physical quantities kryyr, v are defined kinematic and dynamic viscosity, Bruyr 1S the
thermal expansion coefficient. (,ocp) v Oruve are called heat capacity and electrical conductivity
[28,29]. The subscripts THNF and F are devoted to the ternary (HNF) and based fluid. Two important
simulation models such as the Tiwari and Das model [30] and the Buongiorno model [3 1], respectively,
are perpetually used to examine the conduct of nanofluids. In this consideration, Tiwari and Das’s
model for a nanofluid model with realistic practical liaisons is supposed to analyze the nanofluids’
influences on convection flow. This model provides a direct description of nanosubstances’ behaviors
and characteristics in the same equations, which are distinct from other models, as below [32]:

(W arvr = (1 - XA-%’)iz.S (1 - XTioz)izAS (1 = X60) ™ rs

(P)urnr = (1 - XAg) ( XT/02) — X60) Pater T XAgIOAg] + XT[Osz/02] + XcoPgo>

[ [a
('ch’)HTNF = — Xuag [ XT’OZ [(1 XGO) ,OC wuer+XAg (pC”)Ag:I +

i (06) 10, | + X0 (061)

Krunr (kAg + 2kHNF) - 2Xn‘02 (kHNF - kn‘oz)
ke (kAg + 2k11NF) + Xag (kIINF - kAg) '
Kunr (ka02 + 2kNF) - 2XT£02 (knf - kTiOZ) 4)
ki (kTiOZ + 2kNF) =+ Xzio, (kNF - kTioz) ,
keyr (ko + 2kyaer) — 2X60 (Kwaer — K60)
kwater _(kGO + 2kwater) + XGo (kWater - kGO)
3 ((UAg/UHNF) - 1) Xag
OHNF»
((GAg/GHNF) + 2) — Xug ((oAg/oH,?f) — 1)

OyrNe = 1+

i 3 ((GTiO /GNF) - 1) Xrio
= |1+ 3 ; ’
((On0s/r) +2) = oy (On0/one) = 1) | 7
o . 3 ((GGO/Gwaler) - 1) Xaco
NF —

Owater -
((GGO/Gwaler) + 2) — Xco ((GGO/Uwater) - 1) t

Utilizing the Eq. (4) into Eqgs. (1)—(3), then we acquire:
ou v

4+ =0 5
ox T3y = O (5)
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oU oV 0 U Pwater: -25 -25 a5 1 82 U
v vl — ’[1— R - ] 14—
X + X X + P ( XAg) ( XTOZ) ( X6o) + 8) 3 Y2+
1 B Bri
( (1 - XAg) |:(1 - XTiOz) |:(1 — Xoo) + XAgﬁ] + XT,-ozﬂ:| + (6)
IOTHNF IBWater; ,Bwater;
Beo OTHNF 1,
XGo g(T_Too)_ B()(Ue_U)’
Buaer: PrHNF
oT oT
Use + Ve
X Y
Krinr
— 1 Kwaler azT
Pr (pcp)Ag

(f’cp)mz} + xGo_(p )y | 097
e,

(1 — XAg) |:(1 — XTi02) |:(1 — Xgo) + XAg(pT)wmi| + XTiOz(pT)wm

) water

utilizing the boundary conditions as [33]:

U=U,=aX,V=0T= “aty=0
= w = aa, =Y, = Ta =

U— U, T— T,asY — oo,
where X, Xrio,» and xgo are shown as the (NPs) volume fraction.

To gain (PDEs) from the previous dimensional equations, we illustrate the subsequent similarity
transformations:

Y oy
Y=t Ty
1 1 r-T, ©)
Y =@ Xfm,n=_(~a/V)>Y,0@n) = T 7
Y is the stream function. Hence, PDEs can be gotten as:
pW'r]tel' 1 ( 1 ) 2
. . L+ )"+ =)+
Prune |:(1 - )(Ag)25 (1 - XTi02)25 (I - XG0)2'5:| P
1 Pri0, Bri
( (1 - XAg) |:(1 - XTiOz) |:(1 — X60) Praer + XGopGO—IBGO:| + XT,'OZM] + (10)
IOTHNF ﬁwater 18wzlter
2
XAgpAg:BAg) )\.9 + (‘_1) + Pwater OTHNF M (il _f/) — 0,
water 4 PTHNF  Owater c
ki
1 k
water (9//)
Prwater pC (’OCP) i ('OC)
(1 - XAg) |:(1 - XTiOZ) |:(1 — Xco) + XGO%} + XT102J + XAg$
( Cp)Water ('Oc”)water ( C”)water
04167 =0,
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(11)
where
fO0)=0,/0)=1,00)=1,atn=0
a (12)
f(m)— —,00m) — 0atn — oo
c
are the used boundary conditions.
Vwater O.watenga2 . .
Prope: = e = —————, are the Prandtl number, and magnetic parameter, respectively.
pwater THNF

water
a/c and A are called stretching sheet and mixed convection parameters.

In this research, we are interested in well-known engineering quantities, such as Nu and the C,,
which explore the heat transfer that ensues via fluid convections. So, they can be presented as in:

T, Xq,

C=— Nu=——-—7—. 13
/ 10 (]‘% k (Tw - Tinfty) ( )

Here, 7, and ¢, are determined to be shear stress and heat flux and are given as:

oT oU
qdv = kTHNFa_Ya Ty = MrHNnF (3_Y) at Y =0. (14)
So, C; and Nu are expressed as:

1 1 [ " lkTHNF ,

C; = Ree2 5 — = | {1+ =)/ (0), Nu =Rez——6'(0). (15)
(1 - XAg) (1 - TIO2) ‘ (1 - XTiOz) 'B kwater

2

. ax
Reynolds number Re is known as

water

3 Numerical Method and Accuracy

The Keller box method (KBM) is a numerical technique to study and find the solution of partial
differential equations (PDEs) in heat transfer issues. Numerous advantages of KBM compared to
different numerical procedures cause them more helpful and encourage investigators to employ them
to solve heat transfer issues [34,35]. In this study, KBM procedures were utilized, as; reducing the PDEs
degree. Linearize the consequent equations using Newton’s method. Rearrange them in matrix-vector
form, and solve this system using the block tridiagonal elimination technique. Once the dominant
system of equations is solved numerically, and MATLAB code commands have been established, we
ought to find accurate outcomes. So, it is needed to compare our results with previous results. So
Table 1 shows the compared results between (Hassanien et al. [36], Salleh et al. [30]) studies and the
special case of our investigation, which is Newtonian fluid when 8 = oo, x = A =M =0,a/c = 1.
Therefore, we got in good agreement outcomes. The (NPs) volume fraction is specified as x = x,, =
Xrio, = Xgo- The thermal characteristics of the based fluid and the (NPs) operated in the existing
investigation are presented in Table 2.
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Table 1: Comparison of current outcomes with the previously issued investigation (8 = 0o, x = A =
M = 0,a/c = 1), with several values of Pr

Hassanien et al. [36] Buongiorno [30] Present
Pr -8’ (0) -6’ (0) -8 (0)
0.72 0.46325 0.46317 0.46320
1 0.58198 0.58198 0.58197
3 1.16525 1.16522 1.16520
10 2.30801 2.30821 2.30814
100 7.74925 7.76249 7.73390

Table 2: Thermal characteristics of the based fluid and (NPs) [19,21]

Thermo-Physical feature P (kg/m’) Cp(J/kgK) K ((W/mK) pBx10-5k-1  o(s/m) Pr

Ag 10500 235 429 1.89 x 10 63 x 107 —
Ti0, 4250 686.2 0.9 09 x 10> 238 x10° —
GO 1800 717 5000 28 x 10~ 63x100 —
Water 997.1 4179 0.613 21 x 10 55x10°° 6.2

4 Results and Discussion

This section illustrates relevant parameters effects, such as the Casson parameter 8, stretching
sheet parameter a/c, mixed convection A, (NPs) volume fraction parameter x, and magnetic parameter
M, upon the non-dimensional physical quantities, which are velocity f’() and temperature 6(n),
as well as local skin friction Cf and (Nu). It explores their examinations of flow features and heat
transport by natural standards. 4g — 7iO,, and GO, suspended in water are employed as ternary
(HNFs). The height in the 8 parameter declines the temperature profiles 6(n) and so for the lowering
in the improvement in the thermal transfer of ternary (HNF). As the viscosity increases the liquid
becomes more fluid and the temperature decreases and increases the velocity because of the effect
cohesive forces between the molecules which overwhelm the transfer of molecular momentum between
these molecules where the molecules being very close together (this explains why the volume of liquids
is smaller than gases). In return, it registered that the temperature of (HNFs), Ti0, — GO, was higher
than that of ternary hybrid nanofluids, 4¢g — TiO, — GO, as presented in Fig. 2.

Similarly, in Fig. 3, the temperature profiles fall, when the stretching sheet parameter a/c increases.
Besides that, the temperature profiles are not enhanced, when the addition of GO to (HNFs), Ag —
TiO,, to become ternary (HNFs) 4g — TiO, — GO.

The increase in the (NPs) volume fraction parameter x, as shown in Fig. 4, led to a noticeable
growth in temperature profiles. Here we see particles whose volume and temperature change, but whose
pressure remains constant. So physical quantities, temperature, and velocity profiles of the ternary
(HNFs) will be increased and decreased, respectively.
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Figure 4: Temperature profiles vs. x

Besides, when the ternary (HNFs) lost a particle GO, which gave us a higher temperature.
Moreover, the magnetic parameter M increasing burns a rise in fluid motion, that is observed by a
strengthened heat transfer, which implies increasing in temperature, as presented in Fig. 5. Due the
higher the valence electrons into free electrons, the more temperatures are available to convert. Hence,
the higher the temperature, the more free electrons are present in the lattice.
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n

Figure 5: Temperature profiles vs. M

And it also viewed that the (HNF) temperature is higher than the ternary (HNFs temperature.
While mixed convection parameter A has a positive value equal to 1, this case is called heated
convection flow. And the mixed convection parameter A has a negative value equal to —1; this case is
called cooled convection flow. Clarity, in all temperature profile Figs. 2—5, the negative value case has
a higher temperature than the positive value case. And have the same behaviors in the decrements and
increments in the two cases. The reliance of velocity profiles on the studied parameters is described in
Figs. 6t0 9. In Fig. 6, when improving the Casson parameter 3, in heated flow, it will be acquired that
the velocity profiles will increase. Moreover, the increment in the viscosity points’ strengths will grow
and yield a low in the flow procedure. Specifically, it maintains the antagonism of the nanofluid’s (NPs)
to motion, which will reduce the velocity profiles. Also, the opposite demeanor completely happens,
in the cooled flow case.

103 . .
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102 I TiO,-GO/Water
= oy s-s6.8
s 1
: 1 x=0.015,M=2,akc=1,
=099y =468« A=1
L3 S e A -==A=-1
ess| o
097 .
1] 05 1 15 z 15 3

Figure 6: Velocity profiles vs.

Fig. 7 illustrates the stretching sheet parameter a/c impact on the velocity profile, for A > 0 and
A < 0. As seen in this figure by boosting the a/c, velocity profiles increase. Also, the ternary (HNFs)
have a more heightened velocity than (HNFs).
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Figure 7: Velocity profiles vs. a/c

Figs. 8 and 9 present the conduct of (NPs) volume fraction and magnetic parameters M, respec-
tively. It is recorded that, the increment of velocity profiles, in conjunction with the increase in these
parameters, but in heated flow. Besides, it showed the high values of ternary (HNFs) vs. (HNFs).
Moreover, the opposite marked case happens, in the cooled flow, the decrement of velocity profiles,
in conjunction with the increase in these parameters. it is also clear that the high values of (HNFs) vs.
ternary (HNFs)s.
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Figure 8: Velocity profiles vs. x
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Figure 9: Velocity profiles vs. M

Table 3 displays local Cf and (Nu) values with different investigated parameters. It is obvious that
Cf and Nu values are reduced when the values of the stretching sheet and Casson parameters are
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raised, respectively. But the reverse happens, the Cf and Nu are incremented when these parameters
are incremented. besides, all Cf and Nu values are improved when (NPs) volume fraction and magnetic
parameters have risen. It is also noted that the Nu values of ternary (HNFs) are always higher than
(HNFs). Cf for (HNFs) outcomes is higher than Cf for ternary (HNFs), with growing Casson and
magnetic parameters values. Furthermore, the opposite case completely happens when we increase
(NPs) volume fraction and stretching sheet parameters.

Table 3: Results of Nu and C; with various significances p, a/c, x, M, and A =1

Ag — TiO, — GO Ag — TiO, Water
Water

B ajc X M C Nu C Nu
4 5.3648 2.3369 6.2590 1.7793
6 1 0.05 2 6.0125 2.001 7.5314 1.3247
8 7.2263 8.0178 8.0178 0.9950
1.3 0.05 2.9863 6.0115 1.9368
7 1.5 2 6.6930 6.5897 3.2258 5.6987 2.4568
1.8 6.1025 3.5897 5.1235 2.8763
0.1 4.8987 2.7369 4.0087 2.3336
7 1 0.05 2 5.6697 3.5589 4.5519 2.7045
0.08 6.7103 3.9703 5.1279 2.9703
1 6.7789 1.9630 7.7789 2.9987
7 1 0.5 5 7.2758 2.6791 8.2581 3.6698
10 7.6910 2.7893 8.3987 3.7963

5 Conclusion

The fundamental target of this work has been to demonstrate and discuss the behavior of mixed
convection ternary (HNF) flow across a stretching sheet. The target has been achieved successfully,
whereby the flow of Ag — TiO,—~GO water Casson Ternary (HNFs) in a Magneto-hydrodynamic
Medium across a vertical stretching sheet is studied, where the boundary layer through a Casson
medium and magnetohydrodynamics effects are considered. This system is solved by the Keller box
method (KBM) numerically, where the outcome linear system of equations was programmed via
MATLAB. The impacts of the relevant parameters, such as the Casson parameter 3, stretching sheet
parameter a/c, mixed convection A, (NP) volume fraction parameter x, and magnetic parameter M,
upon the non-dimensional physical quantities, which are velocity f'(n) and temperature 6(n), as well
as local skin friction Cf and Nusselt number Nu. where the viscous dissipation effect is considered
in magnetic field temperature profiles and velocity profiles which clarified in tables and figures and
discussed in detail. Notably, the current work outcomes are in excellent agreement with earlier work
outcomes.
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