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The past few years have seen enormous investments in research and development of next generation technologies with potential use
in aerospace. Engine oil provides grease, air conditioning, maintenance, rust prevention, reduced sound and turbine functioning
among its many functions within an airplane engine. Among these, lubrication is paramount. Without lubrication, it goes without
saying that any moving components would wear out very fast. The present study investigates the significance of heat transport
properties entropy generation on MHD dusty hybrid nanofluid flow over a heated stretching sheet in the presence of heat generation.
By using the suitable self-similarity variables, the partial differential equation is transformed into ordinary differential equations.
After then, the dimensionless equations are solved by using the MATLAB solver in bvp4c scheme. Graphs and tables are explained
how the operational factors affect fluid flow efficiency. The velocity profile enhanced for increasing magnetic field values, however
the energy outline exhibited the reverse behavior, which we observed. During the course of our research, we came to the conclusion
that mixed nanofluids are superior to dusty small fluids in terms of their ability to transport energy transporters.
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1. INTRODUCTION

Researchers across a wide variety of scientific and technological sectors have been increasingly interested in tiny
fluids over the course of a lengthy period of time. To produce a fluid that is devoid of impurities, such as dust tiny
particles, into the surroundings represents an incredibly difficult activity. This means that regular fluids' heat
transmission capacities may be enhanced by adding these millimeter- or microscopic-shaped atoms, called dust tiny
particles. The identification of this group may be traced back to the presence of dusty liquids. The study and
investigation that is related to such substances has shown to be beneficial in a wide range of practical scenarios, such as
oil transportation, combustion, reactor tubes, and a great number of other technical sectors; a number of scientific
studies are available in this field [1][2][3]. Through the use of a variety of presumptions regarding dust particles, That
was the calendar year 1962, Saffman [4] discovered the mathematical formulas that govern the velocity at which dust
grains move. Because it was thought that dusty molecules accumulated in the belief area formed a pseudo-fluid, he
neglected to take into consideration for the relationships among individual dust grains when he used his method, Marble
[5] investigated the problem of a gas containing trace amounts of solid.

Over the last several years, a significant number of researchers have been concentrating their efforts on finding
methods to improve heat transfer. This has happened due to the fact that this subject is significant in a variety of
corporate and technical settings. It is common practice to use biological fluids in thermal transfer, including glycol,
water, and crude oil. The restricted circulation of heat which is associated using these types of liquids leads in a
restriction to the thermal transfer, which is an additional aspect to consider that should be taken into consideration. The
concept of small liquids was conceived with the intention of including several small particles that were dispersed across
the initial substance at the same time. Because of this, the word "hybrid nanofluid" came into being as a consequence
[6][71[8]. In the process of creating methods for burning and cooling, mixed nanofluids represent a major step forward.
Within the moment, these small particles have been used to enhance the thermal look of liquids. Incorporating a number
of different kinds of tiny particles results in the formation of a fluid with improved heat transmission. The substances in
question have a broad range of applications, including but not limited to the usage of steaming water and braking fluid
for automobiles. Additionally, it is used in thermal transfer systems and transformations, in addition to being utilized in
frequently used domestic appliances like refrigerators. Extensive research has previously been carried out by a
multitude of researchers using hybrid tiny particles in their examinations, as shown in Refs. [9][10][11][12].
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Dusty liquid atoms, measuring micro meters of in size, are dispersed throughout the foundation solution.
Numerous researchers and experts are currently motivated to support the movement of dusty liquid as a consequence of
its present improvements and increasing importance in the demands of connected to mechanical, commercial, technical,
and pharmaceutical domains. This is due to the fact that dusty liquid is becoming increasingly prevalent. Natural gas
shipment, refinery cleaning, power plant transmission lines, combustion, adaptable steel coverings, substance drying
out, soil preservation by natural storms, natural reliability, health, and medical care (especially in bacterial agriculture,
developing stem cells differentiation, particular molding of plastic, tumors diagnosis and treatment, and cold therapies)
all make utilize dusty water [13].

The present study aims to scrutinize the carrying of hybrid nanofluid across a stretching sheet in existence of
MHD and porosity with engine oil as base fluid. Also, thermal radiation is taken into account. Notwithstanding the
utility of the investigation, the flow framework in problem has never been shared before and its movement
characteristics have never been tested. The availability of several research addressing the industrial uses and
improvements of mixed nanofluids generated the investigation. A computer technique called the bvp4c method is used
to resolve the mathematical framework. In this study, we provide a qualitative evaluation of the system's characteristics.
The present model may be applicable in the acrospace industry. Considering that oil is used over cooling functions in
aviation machines much more frequently than water is used in automobile engines.

2. MATHEMATICAL MODEL
In the current of dusty hybrid particles, steady 2D leading hybrid nanofluid flow has been considered into the
model. In this model we considered the sheet is taken as along the x —axis and the flow confined to y > 0. Here we taken
the y —axis is normal to the sheet. The movement of the heated stretching sheet taking the x —axis is U=rx. And also,
an additional M field strength By is forced through x —axis see in (Fig. 1). Table 1 show that clear-cut outputs of the
base fluid and nanoparticles. The arranged governing flow equations are [14][15][16].
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=— Tp—T). (6)

The appropriate flow boundary requirements that have been enforced for hybrid nano- fluid and dust phases can be
stated as follows:
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The following is a transformation of equations (2)—(6) and their corresponding boundary conditions using mathematical
equations (8)—(10) and the corresponding authorities.
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The nondimensional parameters are:
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Table 1. Hybrid nanoparticles of thermo physical properties [17][18][19].

Property Engine oil Cu AlLOs3

Density p (kem™) 884 8933 3970

Specific heat C, (Jkg 'K ™) 1910 385 375

Heat conductivity k, (Wm™'K™") 0.144 401 40

Electrical conductivity o (Qm) ™' 0.125x10™" 5.96x10’ 131.7x107°
3. NUMERICAL METHOD

The Bvp4c method was used to numerically solve the non-dimensional system of Eqgs. (11) — (14) and (15). With
this technique, we started by transforming the fundamental Differential equations into a set of first-order ODEs, so that

we introduced the new set of variables are
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4. CODE VALIDATION

The results of the present code were compared to those obtained by Mishra et al. for the case of various values of
Prandtl number, as shown in Table 2. We discovered a significant level of convergence between the current findings. In
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this case, the step size in the technique is (4 = 0.001), and the operation is frequent until the desired level (1 xlO’g) of

accuracy is reached. As a result, the current code is justified.

Table 2. Comparison of —0'(0) for f=f3, =Ec=¢ =¢,=¢,=0

Pr Mishra et al.[14] Present results (Bvp4c)
0.72 1.088623 1.088621
1 1.333333 1.333333
10 4.796819 4.796818

5. RESULTS AND DISCUSSION
The comparison results are obtained from Table 2, which shows the in local heat transfer rate for different values
of the Pr. The findings of both investigations were determined to be quite accurate. The M, Rd, f3,,I" all are given a

physical explanation in this section. The trend of M against the f '(77) and 9(77) outlines are presented in Figs 2 and 4.

For the larger values of M the f ’(77) outline decreased. Physically, the magnetic field M increases, it generates a

Lorentz force, which converts slows down the fluid movement. Notwithstanding the fact that the Lorentz force operates
in opposite to the movement of a liquid, causing it to accelerate down and consequently diminishing the velocity field,
we noticed that the opposite trend was seen with regards to the profile of temperatures. The impact of I* on the velocity
outline is presented in Fig 3. For the higher values of I* parameter the velocity profile declined. The impact of Rd on
energy profile is seen in Fig. 5. Increasing the values of the radiation parameter will result in an improvement to the
thermal profile. When viewed from a physical viewpoint, the energy barrier layer is connected to the greater
temperature.
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Figure 4. Sway of M on 6(7),0, () Figure 5. Sway of Rd on 0(n),0,(n)

Fig 6 impacts on the energy profile by changing the /S parameter. When greater values are assigned, the f,
parameter for both the hybrid and dusty scenarios decreased, influencing the temperature profile. Fig 7 demonstrates the
impact of the /" and M on C, (Re)”

r
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Skin Friction
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It shows that the C, (Re)(:'j is decreasing in increasing values of M, while the enhanced nature we noticed on

enlarging the M parameter values, which is presented in Fig 8.

Fig 9. Impact of Br parameter on entropy generation outline. When increasing Br values the entropy generation
profile enhanced. From a strictly physical point of view, when the Br rises, viscous dissipation becomes more important
than heat transfer. The presence of an increased Brinkman number suggests that the entire system is experiencing an
increased amount of viscous dissipation. In the process of viscous dissipation, the transformation of mechanical force
towards temperature takes place inside the movement of the liquid. This is a consequence of the motion of friction that
happens inside the fluid itself.
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Inside the liquid, the creation of entropy is facilitated by the transformation of energy from movement towards
thermal power via this process, while the opposite trend we noticed on Fig 10.
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Figure 10. Sway of Br on Be Figure 11. Sway of M =1.0 for Stream lines

Through the utilization of streamlines, it is possible to demonstrate the flow of a fluid throughout a particular area
in an approach that is not only clear but also simple for anyone to understand. It is possible that the utilization of
streamlines will allow for an improved understanding of significant flow characteristics, such as the places for splitting,
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recycling zones, and areas of differential motion. The flow of fluids in a variety of structures, such as pipes, pathways,
through things, and other infrastructure, may be shown and described with the use of streamlines, which are designed to
guide investigators and programmers.

Figs 11, 12 and 13 shows that the (M =1.0,2.0, 3.0) impacts on streamlines. Changing the magnetic field

intensity may influence streamlines in a moving fluid structure, especially in MHD fluxes where the liquid is
conductive to electricity and combines with a field of magnets. The major explanation for the influence that raising the
intensity of the field of magnetic attraction has on streamlines is the Lorentz force, and this is a consequence of the
relationship among the magnet domain and the positively charged particles that are present in the liquid.
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Figure 12. Sway of M =2.0 for Stream lines Figure 13. Sway of M =3.0 for Stream lines
6. CONCLUSIONS

An investigation of a numerical model used in the entropy generation on MHD of hybrid nanofluid composed of Cu-
AlOj3 and engine oil was carried out in the present investigation. For the purpose of resolving the problem of velocity
and temperature, the numerical approach, also known as the bvp4c method. The research produced several of interesting
findings, which are listed below:

Velocity profile declined for the higher values of the magnetic field parameter values.

The energy profile enhanced with an increasing radiation parameter value.

The skin friction factor decreased for the larger values of the M parameter.

The Nu outline increased, for the increasing values of the M.

Streamlines have an oscillating character, which is necessary for magnifying the magnetic field parameter.
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4 Tenapmamenm mamemamuru, Oceimuiii ponod Konepy Jlaxwmaiis, Boypamnem, Xatidapabao, Tenanzana, 500043, Inois
¢Texnonoeiyna wixkona, Yuieepcumem Anonno, Yummop, Anoxpa-Ilpaoew, 517127, Inoia
Ienapmamenm npuxnaduoi mamemamuxu yuicepcumem Hoei Bemana, Kadana, 516003, Anoxpa-Ilpadew, India

3a ocTaHHI KilbKa POKIB OyJ0 3p00JICHO BEIMYE3HI IHBECTHUIIi B JOCHIIKEHHS Ta PO3POOKY TEXHOJIOTIH HACTYITHOTO MOKOJIHHS 3
MOTEHIIHHUM BUKOPHCTaHHIM B apOKOCMiYHIl ramy3i. MoTopHa onvBa 3a0e3rnedye MacTHiIO0, KOHANUIIOHYBaHHS MOBITPSI, TEXHIYHE
00CIIyroByBaHHs, 3al00iraHHs ipKi, 3HWKEHHSI OIyMy Ta poOoTy TypOiHu cepex Garathbox (yHKLiH aBuryHa sitaka. Cepen HUX
NepLIOYEproBe 3HAYCHHS Ma€ 3MallleHHs. 3pO3yMiJIo, 0 0e3 3MalleHHs Oyb-sKi PyXOMi KOMIIOHEHTH YK€ LIBHUJIKO 3HOLIYIOTHCS.
VYV upoMy [OOCHIMIKEHHI JOCTIIKYEThCS 3HAYCHHS TIeHepalii eHTPOmil TemIOTPaHCIOPTHHX BJIACTUBOCTEH y MHOTOLI IHIOBOT
ribpuanoi HaHopianHn MI'Jl Haj HArpiTHM JIHCTOM, IO PO3TATYETHCS, 38 HASBHOCTI TeIUla. BUKOPHUCTOBYIOUM BIiINOBiAHI 3MiHHI
camonomiOHOCTI, audepeHiaTbHe piBHSAHHSA B YaCTUHHUX IOXIJHUX IEPETBOPIOETHCS Ha 3BHYaliHE Au(epeHLianbHE PiBHSHHS.
[Ticnst mporo 6e3po3MipHi PIBHSIHHS PO3B’SI3YIOTHCS 3a Jonomoroio po3s’szyBaua MATLAB y cxemi bvp4c. I'padiku ta Tabmmmi
MIOSICHIOIOTh, K eKCIUTyaTalliifHi ()aKTOpH BIUIMBAIOTH HA €(EKTHUBHICTH ITOTOKY PimuHH. [Ipodinb IIBHIKOCTI ITOCKIIOBABCS UL
30UIBIICHHS 3HaY€Hb MarHiTHOTO IOJIs, OJJHAK SHEPreTHYHUH KOHTYpP IEMOHCTPYBAB 3BOPOTHY IOBEAIHKY, SIKY MU crocTepirani. Y
XOJ1i HAaIIOro JOCIIPKEHHS] MU AIHIUTM BUCHOBKY, 110 3MilllaHi HAaHO(IIIOIM NepeBepIIyIOTh MUIONOAIOHI HEBEJIUKI PIIUHU 3 TOUKH
30py 1X 3JaTHOCTI TPAHCIIOPTYBATH MEPEHOCHUKH SHEPTii.

KuarouoBi cinoBa: cenepayis enmponii; nunoga piouna; MIJ]; meniose eunpominioganisi; 2iopuona Hanoguoio





