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KEYWORDS Abstract It is well established that adding a certain number of nanoparticles to a nanofluid
Stagnation point flow; improves its thermal conductivity. The cause of this remarkable development is as of yet unidenti-
Aggregation effect; fied. Therefore, knowing the kinematics of nanoparticle aggregation is essential for determining the
Heat generation/absorption; correct thermal impact of nanoscale particles. There are several potential technical and industrial
Inclined Lorentz force; uses for nanomaterials. From the perspective of these many application aspects, this paper examines
Entropy generation; the 4,0; — H,O nanofluid flow caused by a permeable stretching surface with the influence of an
Viscous dissipation inclined Lorentz force and viscous dissipation. Entropy generation on nanofluid stagnation point

flow with the influences of heat generation/absorption, nanoparticles aggregation with suction
are also discussed in the current context. With and without nanoparticle aggregation, measurements
of velocity, temperature, and entropy production are made. By applying the necessary transforma-
tions for heat and motion, ordinary differential equations may be derived from partial differential
equations in certain circumstances. For the solution of ordinary differential equations, the Bvp4c
technique is used. The effects of several dimensionless limitations on velocity, temperature, and
entropy production, skin friction, and Nusselt number profiles are investigated, both when
nanoparticle aggregation is present and when it is not. It is concluded that the velocity field is
boosted for the velocity ratio and inclined Lorentz force parameters, while the temperature and
entropy generation rise for the nanoparticle volume fraction, angle of inclination and Eckert num-
ber parameters. The rate of heat transmission improves as a result of the addition of ¢ and ¢ respec-
tively. When the suction parameter of (¢ = 0.5) is used for the aggregation model, it is claimed that
there is an increase of roughly 13.2478% in the heat transfer rate. Temperature and entropy gener-
ation profiles for all pertinent parameters is higher for nanoparticles that have aggregated together
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as opposed to nanoparticles that have not aggregated together. This research was compared with
previously published results to validate the findings, and great agreement was found.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Nanofluids are a type of heat transfer fluid in which nanoparticles, also
known as NPs, are suspended in the fluid. Base liquids often include a
variety of fundamental liquids, including water, organic fluids, motor
oil, bio-liquids, and others. Base liquids themselves are typically com-
posed of these and other fundamental liquids. Nanoparticles that are
both much smaller and have a significantly greater surface area have
the potential to dramatically improve heat-transfer capabilities as well
as fluid stability. To increase the nanofluids’ thermal conductivity,
Choi (Choi and Eastman, 1995) was the pioneer. Nanofluids find
applications in many different fields, including industry and engineer-
ing. Analysis of fluid flow using nanoparticles has demonstrated sev-
eral applications, including energy production, microscale
electronics, electrochemical reactions, and more: Nanofluids have
unique features that make them very effective in several thermal con-
trol activities. When it comes to difficulties with heat transport, ther-
mal conductivity is the most important framework. The thermal
conductivity of ethylene glycol is like that of water and oils. To increas-
ing the host fluid’s thermal conductivity, nanomaterials such as metal
oxides, carbides, and others are incorporated into the fluid. Modeling
the thermophysical characteristics in such a manner that they are com-
patible with the experimental results has always proven to be challeng-
ing for the researchers. Experiments have also shown that the
aggregation of NPs has a huge influence on the environment and on
the rheological and thermal traits of the material. NPs tend to cluster
together as a result of the surface charge and the van der Waals force.
These NPs may also form linear chains and percolating networks, both
of which make it easier for heat to travel through the material. Because
heat can travel more rapidly via NP aggregation than it can through
nanoparticles, it may move more quickly overall. Motlagh and Kalteh
(Motlagh and Kalteh, 2020) examined the movement of heat via a
nanochannel by taking the morphology and aggregation of NPs into
account in their research. In this study, the researchers concluded that
the aggregation and morphology of the NPs had an exaggerated effect
on the velocity of nanoliquids. The influence of Joule heating and NP
aggregation on the flow of nanoliquid was investigated by Swain and
Mahanthesh (Swain and Mahanthesh, 2021). It has been demonstrated
that the aggregation of NPs causes a noticeable rise in the temperature
of the surrounding area. The kinematics of nanoparticle aggregation in
a nanomaterial stream via an inclined flat plate was investigated by
Sabu et al. (Sabu et al., 2022). As the tilt of the plate rose, there was
a significant decrease in the velocity profile, but there was an increase
in the temperature profile. Mahanthesh (Mahanthesh, 2021) scruti-
nized how the aggregation of NPs affected heat transport via the
NPs. In this section, they said that the nanoliquid velocity is inflated
due to the aggregation of NPs. Mackolil and Mahanthesh (Mackolil
and Mahanthesh, 2021) investigated the impact of nanoparticle aggre-
gation as well as temperature-dependent surface tension on Marangoni
convection in 7i0, — EG nanoliquid. They concluded that the aggre-
gation of NPs and the magnetic field both had an effect on the velocity
of the nanofluid. Estimating the regulation of the flow of aggregated
nanoparticles was accomplished by the use of the fractal modeling
approach (Wolthers et al., 1996). The following are some of the most
significant studies that have been published about nanoparticle aggre-
gation for example (Madhukesh et al (Madhukesh et al., 2022), Mah-
mood and Khan (Mahmood and Khan, 2022) and Animasaun and
Asogwa (Animasaun and Asogwa, 2021). On the other hand, there
haven’t been much research done on how nanoparticles aggregate in
nanofluid flows yet. (See Fig. 1, Fig. 2.).

Nanofluids are defined as liquid substances that are composed of a
base fluid and nanoparticles. Because of its low cost and the ease with
which it can be obtained, water is often used in industrial settings for
the production of nanofluids. Water is a universal solvent that may dis-
solve a larger percentage of a material or nanoparticles to produce a
solution, suspension, or colloidal suspension. Water can also form a
colloidal suspension. According to Hassan et al. (Hassan et al.,
2015), water has low thermal conductivity. These properties need to
be altered if water is to be utilized as a heat exchanger by introducing
nanoparticles. The term “base fluid” is often used to refer to water
since it has a pH of 7 and can only exist in nature in three separate
states (see Syarif (Syarif, 2016) for more information). Because water
in particular has such a low surface tension, it is easy for even the
smallest particles to move freely over its surface. It is a transport med-
ium that can be identified by spectral analysis and is acceptable for use.
When water is used as the base fluid, it is very simple to ascertain the
thermo-physical characteristics of nanofluids (Al-Waeli et al. (Al-
Waeli et al., 2019). Oke et al. (Oke et al., 2021) investigated the impact
of volume fraction, Coriolis force, and heat source/sink on the dynam-
ics of water transporting 47 nm alumina nanoparticles on uniform sur-
faces. In their research, the authors focused on how these factors
influence the dynamics of the water. The comparative examination
of the dynamics of water transporting 29 nm CuO and 47 nm 4505
on an upper horizontal surface of a paraboloid of revolution is mod-
elled and given in Hongping et al.’s (Liu et al., 2020) study. Alumina
(AL 05) has emerged as a topic of interest among the created nanoma-
terials due to its significant chemical and physical properties (Song et al
(Song et al., 2021). In particular, it has been shown that 4/,0; has
higher thermal conductivity, convective heat transfer coefficient, and
heat transfer coefficient qualities. This is the case in terms of its ther-
mal properties. As a consequence of this, “4/,0;” has been put to
use in a variety of guises across a wide range of application domains,
where its relevance, significance, and efficacy have been shown
(Farhana, 2019). Even though it has achieved great achievements in
the area of technology and sciences, the influence that it has on human
health and the environment has not yet been thoroughly examined. In
2005 alone, about twenty percent of the global market for nanoparti-
cles was accounted for by 450; nanoparticles (Arul Prakash et al.,
2011). “A4hL05” is a white oxide that consists mostly of sapphire and
may be obtained in the forms y,a,0 6 — 4503 (Mahmood et al
(Mahmood et al., 2023). In their research study, Lin et al. (Lin
et al., 2011) claimed that 4,03 had the lowest precipitation rate and
the highest emulsification stability of any other nanoparticle. This
was in comparison to all of the other nanoparticles.

Entropy was first defined by Rudolf Clausius in 1850. Unusable for
useful purposes, it’s the quantity of thermal energy per unit tempera-
ture that cannot be obtained. Entropy generation refers to the amount
of entropy accumulated in irreversible processes. Take into considera-
tion things like energy transfer, steam turbines, fluid movement, heat-
ing systems, hydroelectric dams, air conditioners, and refrigeration to
name a few of the more common examples. The thermodynamical sys-
tem’s operation is determined by this. Bejan (Bejan, 1979) began by
learning about the creation of entropy. He walked us through the
important processes in the depreciation of entropy. Nanofluid entropy
formation in a permeable annulus was investigated by Gholam Ali
pour et al (Gholamalipour et al., 2019). Disturbance in entropy gener-
ation is more apparent with lower Darcy and Rayleigh numbers. It was
Dutta and coworkers (Dutta et al., 2019) that looked at the effect of
entropy production on a rhombic-shaped closed pattern permeated
by Cu — H,0 nanofluid. He showed that a rise in the amount of hah-
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Nomenclature

a,b,c  Positive constants (s~')

f Dimensionless stream function (-)

C, Specific heat at constant pressure (J/kgK)

A Entropy generation

k Thermal conductivity (W/mK)

M Magnetic parameter (-)

Nu, Local Nusselt number (-)

Q Temperature difference parameter(-)

T Temperature (K)

u, Inviscid flow velocity (m1/s)

Ve Mass flow velocity (m1/s)

X,y “Cartesian coordinates along surface and normal
to it (m)”

M Magnetic parameter (-)

0 Temperature profile dimensionless

Be Bejan number profile

. Aggregated nanoparticles volume fraction

(] Einstein coefficients

p,Fa Radii of aggregated nanoparticles ()

T Ambient temperature (K)

v Kinematic viscosity (m?/s)

T Time variable dimensionless

Subscripts

f Base fluid

sl Solid components for A5 03

S Ambient conditions

Superscripts

! Differentiation w.r.t 5

Cy Coefficient of Skin friction

B Velocity ratio parameter (non-dimensional)

t Time (s)

A Heat generation parameter

Pr Prandtl number (-)

Ec Eckert number parameter

Re, Local Reynolds number (-)

u,v Velocity components in x— and y— directions
i (m/s)

Uy Stretching/shrinking velocity (m1/s)

o Electrical conductivity (S/m)

& Mass suction (non-dimensionless)

Y Angle of inclination (non-dimensional)

¢ Nanoparticles volume fraction of A50;.

n Similarity variable (-)

D “Maximum volume fraction of nanoparticles”
D Fractal index

ka Thermal conductivity of aggregations (W/mK)
u Dynamic viscosity (Ns/m?)

p Density (Kg/m?)

pCp Heat capacity (J/kgK)

nf Nanofluid

w At surface condition’s

nium causes an increment at which entropy is generated to decrease.
The results of a research into the effects of corrosive heating on mov-
ing Casson fluid were published by Khan et al. (Khan et al., 2020). The
Brinkman number increases entropy generation. Ambreen et al.
(Ambreen et al., 2020) deliberate the properties of entropy production
in Newtonian fluids employing the Darcy model. For his experiment,
Cho (Cho, 2020) used a square chamber that had been heated on
one or more sides and filled it with Cu — H,0 nanofluid. The entropy
generation rate was measured by putting a porous media inside the
hollow. In the case of a fixed Rayleigh number, the entropy rate is

boosted by increasing the Darcy number. Li et al (Li et al., 2020) con-
ducted research on the effect that heat radiation has on a square cavity
that is slanted. As a result of this analysis, the entropy generation rate
was observed to increase with Rayleigh number. The idea of entropy
formation was brought to light in Yu-Ming et al.’s research (Chu
et al., 2020). In addition to this, they investigate the two-dimensional
MHD boundary layer flow of a non-Newtonian nanofluid (of the sec-
ond grade) approaching a Riga plate surface that is permeable and
stretchy.

Y

By

Stagnation Point &..7.

Fig. 1

A diagrammatic depiction of the model dilemma.
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Type of Flow

Water based Alumina nanofluid for permeable stretching surface

Survey of Literature

Inclined MHD with Nanoparticles Aggregation Impacts on nanofluid
flow with Heat Generation/Absorption

Mathematical Formulation

The partial differential equations (PDEs) for boundary layer flow are
derived using conventional conservation principles, taking into
account

Similarity Conversion

Transformation of Partial Differential Equations into ODEs.

The numerical results of ODEs may be obtained in MATLAB by using
the Bvp4c function.

Results

Graphs depict the relationships between the rates of flow, entropy
production, and heat transfer and a number of well-known nanofluid
characteristics.

Fig. 2 Survey of Literature.

Magnetohydrodynamics, known as MHD, is the exploration of the
motion of fluids that conduct electricity in relation to the direction of
the magnetic field. The MHD idea has been employed by engineers in
the design of a broad range of applications in enterprises, such as flow
measurement, spacecraft energy, nuclear waste disposal, MHD com-
pressors, boilers, hydrogen fuel, nuclear reactor coolant, and hydro-
electric power extractors (Mahmood et al., 2022). Mishra and
Kumar (Mishra and Kumar, 2021) use the Buongiorno nanofluid
model to do a numerical investigation of the impact that MHD flow
has on a wedge. Wei-Mao and colleagues (Qian, 2022) investigated
the effect that MHD flow has on the movement of micropolar fluid
over an exponentially curved stretching surface. The influence of ther-
mal radiation and Joule heating is taken into consideration while dis-
cussing heat transfer studies. Mishra and Kumar (Mishra and Kumar,
2020) investigate the effect that viscous-Joule heating, thermal radia-
tion, and heat production (or absorption) have on the movement of
MHD nanofluids via a stretched sheet that is embedded in a porous
medium as a result of suction or blowing. The MHD nanofluid flow

that is made up of dust particles was explored in Kumar et al.’s paper
(Parida, 2021). The influence that dust nanoparticles have on the prop-
erties of the flow is quite important. See Mahmood et al (Mahmood
et al., 2022), Mudassar et al. (Gulzar et al., 2020) and Hosseinzadeh
et al. (Hosseinzadeh, 2023), Mishra and Kumar (Mishra and Kumar,
2020); for some recent work that relates to MHD that may be found
here.

Applications in engineering and industry both have considerable
preferences for fluid flows that are started by stretching surfaces. For
instance, the cooling of stripes, the manufacturing of glass fiber and
rubber sheets, the processes of extrusion, the production of paper,
the drawing of paper film, the development of crystals, and so on.
The stretching and cooling of the sheets both played a significant part
in the production of output of an acceptable grade. In the recent past,
several experts have looked at the flow that was caused by the stretch-
ing and shrinking of surfaces see Salman et al (Ahmad et al., 2021),
Hayat et al (Hayat et al., 2017) and Li et al (Li et al., 2021). Upreti
and Mishra (Upreti and Mishra, 2022) addresses the problem consid-
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ering impact of viscous dissipation and convective heating on the flow
related to Darcy-Forchheimer past a rotating disk with radial stretch-
ing and shrinking.

The transfer of heat is an essential component in the activities that
take place in industry, geography, and engineering. They have a wide
variety of applications, some of which include insulating material,
hydrothermal supply, conditioning of electrical devices, metallic mold-
ing, and other uses of a similar kind. The most important aspect in
heat production and absorption is the variation in temperature that
exists inside a body. When analyzing the impact of heat generation
and absorption, Hafeez et al. (Hafeez and Khan, 2021) took into
account a spinning disk that was filled with Oldroyd-B fluid. This disk
was spinning while the researchers were thinking about the effect. They
came to the conclusion that temperature is a function that, when seen
in relation to the magnetic number, increases but that, when viewed in
relation to the thermal relaxation time parameter, decreases. Accord-
ing to Faghiri et al. (Faghiri et al., 2022), the heat transfer boundary
condition on the wall in non-Newtonian fluid flow is a non-uniform
heat flux. This was explored in the context of non-Newtonian fluid
flow. The research conducted by Najafabadi and colleagues (Fallah
Najafabadi et al., 2022) looks at the flow, temperature, and volume
fraction of a nanofluid as it moves along a vertical channel while being
subjected to natural and forced (mixed) convection heat transfer. The
exponential distribution function is used for both the temperature and
the volume fraction along the wall of the channel. Because of their
remarkable ability to enhance heat transmission, hybrid nanofluids
have been garnering an increasing amount of interest in recent years.
Zangooee et al. (Zangooee et al., 2022) investigated in this study the
impact that the velocity and temperature slip parameters, as well as
the volume percentage of nanoparticles, have on a vertical plate when
suction is present. Analytical methods were used by Shahin et al.
(Akbari et al., 2022) in order to investigate the non-Fourier thermal
behavior of a three-dimensional hollow sphere that was exposed to
arbitrarily selected space and time-dependent boundary constraints.

According to the findings of the affordable literature study from
the section before this one, there has not been any research conducted
on the significance of entropy generation with nanoparticle aggrega-
tion effects and stagnation point flow across a permeable stretched
sheet in the occurrence of heat generation/absorption, viscous dissipa-
tion with inclined Lorentz force. To fill the gap in literature, we consid-
ered aggregation and non-aggregation model for the said purpose. To
the best of the authors’ knowledge, the study on the significance of
entropy generation on stagnation point flow past a permeable stretch-
ing sheet with heat source, viscous dissipation, and inclined Lorentz
force in nanofluid using an aggregation model has not been considered.
As a result, this endeavor is significant as a future reference for the
practitioner, scientist, and engineer, as well as the fluid mechanist,
and it will be used as the preliminary study on the real applications.
This is the impetus for the work that is currently being done. The focus
of this research work on the impact that nanoparticle aggregation, as
well as the absence of aggregation, has on a variety of metrics as they
pertain to respective profiles. The issues are then solved numerically,
but only after the governing equations are first transformed into a sys-
tem of ODEs. The impact of several different characteristics is investi-
gated in fine detail. The purpose of the present assessment is to collect
information that will allow us to answer the ensuing questionnaire:

e How does the presence of nanoparticles with or without aggrega-
tion affect the value of an inclined magnetic parameter throughout
the course of a velocity profile?

e In the context of a thermal distribution, what kind of an effect do
nanoparticles have, both with and without aggregation?

o What are the effects of nanoparticles with and without aggregation
on the formation of entropy, and how do these effects differ?

e What is the consequence of heat generation parameter, Eckert
number, suction, velocity ratio parameter and nanoparticles vol-
ume fraction parameter on respective profiles?

2. Description of the problem

Studying an incompressible two-dimensional H,O-based
nanofluid as it passes through a stretching sheet while sub-
jected to an inclined magnetic field and viscous dissipation
allowed us to construct models that account for both the
absence of aggregation and the presence of aggregation. Stag-
nation points flow and heat source are also examined. The
study of thermal transfer also considers the objective of pro-
ducing and absorbing heat uniformly throughout the system.
Frame coordinates with x-and y-axes along the sheet’s surface
and the normal to the sheet’s surface are assumed.
u=u, = ax, where ‘@’ is a constant, is used to calculate the
stretched velocity of the object, free stream velocity u, = cx
and v, = —/Vsae denoted the mass flux are under considera-
tions. Consideration is also given to a permeable medium. In
this case, we’ll use 7, and T, to represent the surface and con-
stant ambient temperatures, respectively. In this article,
nanoparticles of alumina (45,0;) with water (H,O) serving
as their underlying fluid are investigated. It is also assumed
that magnetic field making an angle y with the stretching sheet.

Table 1 lists the thermophysical features of the nanoparti-
cles and the underlying fluids. In this line of research, the vis-
cosity and thermal conductivity of nanofluids are investigated
by using improved versions of the Krieger-Dougarty and
Maxwell-Brugman models. After the boundary layer approxi-
mation is implemented, the following equations are in effect
(see ref (Mackolil and Mahanthesh, 2021; Masood and
Farooq, 2021):

du Iy

R 1
8x+6y 0 (1)
~ U ~Ou o~ Oy Wy U Oy oy o~ ~

- = - _ ___ 2B " —u, 2
U +v dy e g +Pn/ D oy sy (u —u,) 2)

~OT ~oT ky O°T
U—+v—= A
(pcﬁ)n/

x ay  (pGCp),, 09
N2
Hﬂf au
+—— = - 3
v () o

The x— axis component of velocity is represented by u,

(T_ TOO)

whereas the y— axis component is represented by v. The fol-
lowing constitute the conditions of the boundary (see Mah-
mood et al (Mahmood et al., 2022) and Sadaf et al (Masood
and Farooq, 2021):

Table 1 Thermophysical characteristics of the base fluid in
the presence of nanoparticles (Mahmood et al (Mahmood
et al., 2022).

Properties ALO; H,O
plkg/m?) 3970 997.1
Cp(J/kgK) 765 4179
k(W/mK) 0.40 0.613
o(Sm™") 35 x 10° 55x107°
Pr 6.96
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=2
=2

w = ax,; = ;w = b% T= Tw = T’)O + bx27 aty = 07 (4)

AN

=u, =cx, T — Ty, aty — oo. (5)

Nanofluid has a temperature of 7, a dynamic viscosity of
Wy» @ density of p,,, a thermal conductivity of k., and a heat
capacity of (pC,,)nf. Applied magnetic field is B,.

Table 1 presents several thermophysical parameters associ-
ated with aluminum oxide (450;), with water (H,0) serving
as the base fluid. The aggregation feature of the NP was used
as a criterion in the selection process for the thermophysical
qualities. When there is no aggregation present, the Brinkman
and Maxwell models are used to determine the effective viscos-
ity and thermal conductivity of the fluid, respectively. The use-
ful qualities of nanoliquids are outlined in Table 2, which may
be found here.

When computing these equations, there are several different
variables that need to be considered which discussed above. A
solid volume fraction denoted by ¢ may be found in the nano-
fluid. where [n] denotes the Einstein coefficient and ¢,, denotes
the maximum volume fraction that may exist before the flow
can take place. The value denoted by ¢, indicates the aggre-
gates’ effective volume fraction. It is determined by comparing
the volume fraction to the aggregates’ greatest packing frac-
tion and calculating the ratio of the two. A number of adjust-
ments were made to the Krieger-Dougherty model, which are
detailed in Table 2 to take into consideration the phenomenon
of nanoparticle aggregation. When it comes to the dynamics
and the transfer of heat in nanofluid flows, the nanoparticle
agglomeration factor is very essential, as shown by Mahmood
et al (Mahmood et al., 2022). The findings of the measure-
ments of the nanomaterial corresponded perfectly with one
another while taking into account the aggregation part of
the process. Calculating the nanoparticle volume fraction
when the aggregation kinetic factor is taken into consideration
yields the following results (see ref (Mahmood et al., 2022):

(qsa — ¢ (r)> (©)

It is compatible with the conclusions of the experiments
conducted on nanoliquids when both spherical and dispersion
aggregated are taken into consideration. The packing density
shifts in accordance with the radial location according to a

fixed power law index D. Because it takes into consideration
the fractal nature of the aggregates, the letter D is sometimes
referred to as the fractal index. D = 1‘8,1—: = 3.34, ¢,, = 0.605

and [g] =2.5 (see ref Mahmood et al (Mahmood et al.,
2022). The Bruggeman model and the Maxwell model were
both used in the process of developing an aggregation model
of thermal conductivity, which was then changed after its ini-
tial development. Use the following formula to figure out the
thermal conductivity of the aggregate (k,)(see ref.
(Mahmood et al., 2022):

ke 1 ks
o Z{(3¢"" - 1)E+ B —¢,)—1)

ks ks

(oD Eraa-en-n) s b @

D3
Here, ¢,, = (%“) .
r
Exploiting the transformations (see (Masood and Farooq,
2021)

~ ~ ) T— T, a
u=axf(n),v=—vafn),0n) = ————n=/-».  (8)
Tw - T’)o V/
In this context, prime denotes differentiation with respect to
n. The first equation is satisfied in a consistent manner. Even
though Egs. (2)-(5) seem like:

"

Bl by 2 w2 OulOF =
pn/‘/p/f F A +5 Mpn_/'/pf Vo nsiry =0 Y
L N TV Y
Pl‘(PCp)n// (pC[’)/ + /o
ﬂ;)//:uf Ec(f”)z =0. (10)

(pCI’)nf/ (pcl’)f

f0) =&.f(0) = 1,0(0) = 1, f(n) — B,0(n) — 0,asn — oo.

(11)

In the above equations B = b/a stands velocity ratio con-
straint, Pr = v/ stands the Prandtl number, 2 = Q,/a(pC,) ,
heat generation/absorption parameter. M = afBé/ap/ is mag-
netic parameter. ¢ is suction/injection factor where ¢ > 0 for

Table 2 Efficacious models of nanoliquids with regard to their thermophysical qualities (see Mahmood et al

(Mahmood et al., 2022).

Effective Property

Without Aggregation

With Aggregation

DenSity %=(1_¢)+¢Z_j %’;Z(l_(ﬁa)"rqba%f
ic Viscosi Mof — 1 —nlbm
Dynamic Viscosity = o ;T; _ (1 _ %)
Specific Heat Capacity (0G),, (eC)) (0G),, (vG,)
i = (]| = S o — (] — r)s
(pc")t ( )+ ¢ (pC,,)f (pc")f ( ba) + b4 (pC,,)/
Thermal Conductivity Koy (st2kp) =260 (K—ks) P (R e A )
Ky (ks+2kp)+p (ky—ks ) K (ka2 )+ (Kr—ka )

Electrical Conductivity

»
()

Onf
a/_1+(
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suction and ¢ < 0 for injection, Ec = a/ (pC,,),‘ is Eckert num-
ber. The mathematical version of skin friction, often known as
the drag force, is defined as follows:

T~

Cr=—21 12
f puﬁ.7 ( )

The expression for the non-dimensional configuration is as:

RAC, =" 1(0), (13)
3 1y
local Nusselt number is declared as:
Xqy,
Nu = » 14
(T - T a4
Its non-dimensional form is as below.
1 Kn' /
Re*Nu, = —=2¢(0), (15)

here local Reynolds number is denoted by Re, = ax

!)/
3. Entropy generation

In this section, our primary emphasis will be on determining
the irreversibility of a system by measuring the creation of
entropy. It may be expressed mathematically as (Mishra and
Kumar, 2021)

Koy <a7‘)2 L (au)2
Eg=—">(=) +2 (=) .
ST 1) \dy) T \0y

The following is a demonstration of how the non - dimen-
sional mathematical expression for the creation of entropy
may be proved to be correct (Mishra and Kumar, 2021):

(' ()

Ny=——~ S F;, 17
. k’!/’(Tw - TOO)Z ¢ ( )

(16)

The design that has been achieved without dimensions is
(Mishra and Kumar, 2021).
EcPr ﬁ "

Ne=07+
Q:ulq[ k nf

(18)

The Bejan number is written out as follows (Mishra and
Kumar, 2021):

_ Entropy generation due to thermal irreversibility

B - , 19
¢ Total entropy generation (19)
0/2
Be=————. (20)
2 | EcPr kr g2
0~ + Qs Ky

4. Method of solution and code validation

In the current body of research, the governing equations for a
steady flow with heat transfer and entropy generation near a
permeable stretching sheet are mathematically modeled. These
equations take into account inclined Lorentz force, viscous dis-
sipation, and heat source impacts in occupied with aggregation
and without aggregation nanofluid flow model along with sub-
jected free-stream velocity. By including the similarity vari-
ables in the modelling process for these sets of PDEs, we

Sfn) =X1,0(n) = Xa,.f (1) = Xo, /" (n) = X5,0 () = Xs.

s

were able to convert them into “ordinary” similarity equa-
tions. Because the constructed form of the set of differential
equations (9)—(10) together with the associated BCs (11) was
linked and extremely nonlinear from a mathematical stand-
point, it was difficult to locate a solution in the closed explicit
form of these ODEs. Because of this, it is able to apply a well-
known numerical procedure, which allows us to rapidly resort
to its successful techniques for reaching the objectives or tar-
gets that have been underlined. In terms of computation, the
bvpdc (boundary value problem of fourth-order) finite—differ-
ence approach is one of the most suggested built-in codes
available in MATLAB sub-routines (Algahtani et al
(Algahtani et al., 2022). This built-in code is one of the most
suggested built-in codes available in MATLAB sub-routines
because it can be used successfully to offer fourth-order correct
results in this phenomenon. As a result, first-order initial value
issues may be solved by using the strategy that has been pro-
vided. The following procedures have been carried out in order
to include a bvp4c solver into our physical model.

STEP 1: In Egs. (9)—(10), Higher order nonlinear ODEs are
modified to accommodate additional variables that have been
introduced to modeled

(22)
STEP 2: In Egs. (9), (10) use the additional variables in Eq.

(22) to decrease the system of higher-order nonlinear ODEs to
a first-order nonlinear ODE system

f('?) =Xy,
f,(rl) =X,
1" () = XXy, 0" (n) = XX,
__ Puley 2 2 _ ow/os in®
XX, = -t {X]X3 —X? + B — 2% MX, Sin y], (23)
Ol(n) = X57
CI7 / C,,
XX, = — {pr%(xlxs —2X,Xs + xxn}.

STEP 3: Eq. (11) requires that the boundary conditions be
expressed in terms of the additional variables introduced in Eq.
(22)

Xla:87X20: 17X5l1: ]7

(24)
Xap = B, X5, = 0.

The locations indicated by the subscripts ‘a’ and '’ on the
sheet at # = 0 and the distance from the sheet for a given value
of n are denoted by those values, respectively. In this investiga-
tion, the value of n = 15 is chosen for his position.

STEP 4: Code the boundary conditions in Eq. (24) and the
system of first order nonlinear ODEs in Eq. (23) in the bvp4c
solver.

Shear stress f17(0) is compared to recent study by Sadaf et al
(Masood and Farooq, 2021) and Masood et al (Masood et al.,
2019) on stagnation point flow of a viscous fluid in Table 3,
which may be found below. The findings of the most recent
inquiry are very consistent with those of the many investiga-
tions that have come before it. In their study, Sadaf et al
(Masood and Farooq, 2021) and Masood et al (Masood
et al., 2019) used the homotopy analysis approach, but in
our work, we utilized the bvp4c method. The numerical tech-
nique was validated by applying it to the ‘“‘classical situation”
of a viscous fluid where no extra effects were taken into
account, and the results are shown in Table 3 with complete
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Table 3 /'(0),¢=¢,=y=e=M=7.=0 and Pr=62
generates results for certain values of id435 B.

B Present Sadaf et al (Masood and Masood et al
Results Farooq, 2021) (Masood et al.,2019)

0.1 —0.96948 —0.96939 —0.96939

0.2 —-0918106 —0.91811 —0.91811

0.5 —0.667263 —0.66726 —0.66726

agreement. As a result, we may reach the conclusion that our
numerical technique can be utilized to investigate the topic pre-
sented in this work with a high degree of assurance.

5. Analysis and discussion of results

The primary purpose of this part is to conduct an analysis of
the variations of a variety of parameters as represented by
graphical representations. It is essential to take note of the fact
that, even though the Prandtl number Pr = 6.96 (for water) is
maintained throughout the entirety of the work (apart from
the comparison with the cases that came before it), as can be
seen from the tables and figures, the values of the control
parameter are changed in a flexible way. We decided on the
following values for the physical parameters (see ref.

(Mahmood et al., 2022): 0.0 < ¢ < 0.05 (nanoparticles volume
fraction), 0.0 < B < 1.0 (velocity ratio), 2.0 <¢ < 3.0 (suc-
tion), 0" <y < 90" (inclined angle), 0.0 < M < 1.0 (magnetic
field), 0.0 < Ec < 1.0 (Eckert number) and 0.0 < 1 < 1.0 (heat
generation parameter). If the conditions for the far-field
boundary (11) are satisfied, then these values will be employed
The investigation is carried out in two different ways: (1) with
aggregation ¢,#1, and (2) without aggregation over a perme-
able stretching sheet with heat generation constraint, inclined
Lorentz force, and entropy generation for 4,0; — H,O nano-
fluid. The first method involves the formation of aggregates,
while the second method does not.

5.1. Analysis of results

In this part, we take a look at the behavior of velocity
f(n),temperature 0(yy), entropy generation N, skin friction
Re!”?Cy, and Nusselt number Re;'/>Nu, profiles in terms of
the influence of numerous elements.

The purpose of drawing Fig. 3 was to illustrate the influence
that the volume percent of nanoparticles ¢ had on the corre-
sponding values of velocity, temperature, and entropy produc-
tion. The graphical representation of the data in Fig. 3(a)
shows that the velocity of both situations (without and with
aggregation model) slows down as the nanoparticle volume

€=2.0,A=0.5,y=45° M=0.2,B=0.2,Ec=0.2

Without Aggregation
- - With Aggregation

¢=0.01,0.02, 0.03, 0.04

(a): Velocity profile f'(n) against ¢.

£€=2.2,A=0.5,y=45°M=0.5,B=0.3,Ec=0.2

Without Aggregation
- - With Aggregation

¢=0.01, 0.02, 0.03, 0.04

e(n)

(b): Temperature profile 8(n) against ¢.

M=0.5,B=0.5,y=45°,A=0.5,6=2.0,0=0.1,Ec=0.1

15 u : :
n Without Aggregation
: - - With Aggregation
L
1.0 m
0 m
2 w $=0.01,0.02, 0.03, 0.04
w
05 "
w
»w
“&
0.0 -
0 1 2 3 4

(c): ustration of ¢ on Nj.

Fig. 3

(a, b, ¢): Impact of ¢ on velocity, temperature, and entropy generation respectively.
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percentage increases. On the other hand, it is determined that
temperature and entropy generation profiles in Fig. 3(b) and
Fig. 3(c) is found to escalate with enhancement in the values
of ¢ respectively. Fig. 4(a), (b) and (c) are drawn for diverse
values of velocity ratio parameter B versus velocity f (), tem-
perature 0(n), and entropy generation N, profiles for without
and with aggregation model. Velocity profile enhances for
growing values of B while temperature and entropy generation
profiles decrease with increases values of B. The illustration of
mass suction ¢ on velocity /' (1), temperature 0(n), and entropy
generation N, profiles are seen in Fig. 5(a), (b) and (c) respec-
tively. It is observed that by mounting values of ¢, velocity,
temperature and entropy generation profiles decreases.

The impact of inclined angle y on velocity f'(17), temperature
0(n), and entropy generation N; profiles are seen in Fig. 6(a),
(b) and (c) correspondingly. With increasing degrees of 7,
velocity, temperature and entropy generation boost up.
Fig. 7(a) present the impact of M on velocity profile. Increas-
ing values of M shows the increases impact. Whereas Fig. 7(b)
shows the influence of heat source /. on temperature profile.
The illustration shows that temperature profile enhances with
positive values of A. The impact of Eckert number Ec on veloc-
ity and entropy generation is shown in Fig. 8(a) and (b) respec-

tively. With the increasing values of Ec, temperature and
entropy generation both profiles increase. On the other hand,
impact of temperature ratio parameter Q on entropy genera-
tion is shown in Fig. 8(c) entropy generation profile increases
with Q. The consequence of mass suction ¢ and ¢ on skin fric-
tion and Nusselt number is shown in Fig. 9(a) and (b) respec-
tively. It is observed that skin friction and Nusselt number are
enhancing function for both ¢ and ¢.

The influence of velocity ratio parameter B with ¢ on skin
friction and Nusselt number is presented in Fig. 10(a) and (b)
respectively. Increasing values of B with ¢ increases the skin
friction profile in Fig. 10(a) and diminishes the Nusselt number
profile in Fig. 10(b) for without and with aggregation model.
The influence of y with ¢ on skin friction and Nusselt number
is shown in Fig. 11(a) and (b) respectively. As the degree of 7
increases with ¢, the skin friction increases and Nusselt num-
ber decreases. The impact of M with ¢ towards skin friction
is shown in Fig. 12(a) for without and with aggregation model.
Increasing values of M increases the skin friction profile. The
impact of heat source A and Eckert number Ec with ¢ on Nus-
selt number are shown in Fig. 12(b) and (c) respectively. Here
increasing values of heat source A and Eckert number Ec¢ decli-
nes the Nusselt number profiles.

€=2.0,A=0.5,y=45°M=0.5,¢=0.1,Ec=0.2

~— Without Aggregation

- - With Aggregation

(a) Velocity profile f'(n) against B.

y=45°,¢=0.01,A=0.2,M=0.5,=0.3,Ec=0.2

1.0R
\ Without Aggregation
|
0.81% - - With Aggregation
|
06} §
g, \ B=0.1,03,05,07
0.4
3
0.2 ’,
‘e
00 "J"-
0.0 0.5 1.0 15 2.0
n

(b) Temperature profile 6(n) against B.

M=0.5,¢=0.02,y=45°,A=0.5,¢=1.5,0=0.1,Ec=0.1
3.0 n

25 e

Without Aggregation

2.0 th - - With Aggregation

) i
i
il

215
1.0
0.5
0.0

(c) Mlustration of B on Ng.

Fig. 4

(a), (b) and (c): Impact of B on velocity, temperature and entropy generation.
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(c) ustration of € on Nj.

Fig. 5

5.2. Discussion of results

All of the previous observations of governing parameters on
velocity f'(i), temperature 0(y), entropy generation Nj, skin
friction  (Rey)/’C; and  the Nusselt number
(Rex)_l/ % Nu, profiles that were reported in Part 5.1 will be val-
idated in this section.

Fig. 3(a), (b), and (c) illustrate how the sensitivity of
nanomolecular size is affected by flow velocity, temperature
field, and entropy, respectively. Table 2 presents the four nano-
fluid coefficients that have an effect on the volume fraction ¢
as a result of the development of the without aggregation
and with aggregation models. These coefficients are shown to
have an influence on the volume fraction. As seen in Fig. 3
(a), the fluid’s velocity decreases as the volume ratio of
nanoparticles increases. These flows are hampered by the rise
in magnetic viscosity that happens whenever the flow speed
drops below a certain threshold. When seen from a purely
physical perspective, increasing the volume fraction results in
the formation of viscous forces inside the nanofluid. As a con-
sequence of the friction that is caused by the fluid particles col-
liding with one another, the velocity of the fluid particles will
decrease while the temperature profile will increase. The tem-

local

(a), (b) and (c): Impact of ¢ on velocity, temperature and entropy generation.

perature increases at a quicker rate the greater the volume per-
centage of nanoparticles that are present. The fluid binding
force inside the fluid—solid suspension system is decreased as
a result of an improvement in the heat transfer between nano-
fluid and the conventional nanoparticles found in fluid—solid
suspensions. The nanofluid material exhibits a high conductiv-
ity coefficient and convectional heat transfer, as shown by the
flow distribution. Because of this, nanofluid heat transfer is the
primary motivating factor behind the most important indus-
trial and technical breakthroughs of our time. As a result,
the thermal improvement seen in Fig. 3(b) is supported. The
addition of nanoparticles results in increased thermal bound-
ary expansion caused by ballistic impacts, which in turn
enhances heat conduction and the viscosity of the liquid. The
effect that changing the nanomaterial term has on the creation
of entropy is seen in Fig. 3(c). There was a distinct variation in
the behavior of the curves while increasing the volume percent-
age and approaching the strain wall. The nanofluidic zone
exhibited quicker heat transmission and higher entropy forma-
tion, both of which contributed to a rise in the total volume
fraction parameter. When compared with the non-
aggregation model, the with aggregation model has a some-
what greater value.
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Fig. 6 (a), (b) and (c): Impact of ¢ on velocity, temperature and entropy generation.
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(a) Velocity profile f'(n) against M (b) Temperature profile 8(n) against A

Fig. 7 (a): Impact of M on f (). (b): Impact of 4 on.0(y).

Fig. 4(a)-4(c) show the impacts of a parameter known as
the velocity ratio constraint B on the flow’s velocity £ (1), tem-
perature 0(n) and entropy generation N,trajectories, respec-

tively. This factor is shown to have an influence on the
velocity ratio parameter B. This situation demonstrates the
exact opposite behavior. It ought to go without saying that ele-
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(a) and (b): impact of Ec on 0(5) and N;. (c): impact of Q on N;.
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Fig. 9

vating the value of B will result in an upsurge in the magnitude
of the velocity field. It has a discernible impact in the sense that
as time goes on, a rise in the value of B causes the layer of
momentum boundary to get thinner and thinner. This is a

(a) and (b): Impact of ¢ and ¢ on skin friction and Nusselt number.

physical consequence. This is one of the ways it manifests itself
in the physical world. Although fluid temperature decreases
according to the amount of stretching, the reverse holds true
for the pace at which fluid temperature lowers. It is also impor-
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Fig. 11

tant to remember that the thickness of the thermal boundary
layer increases when a sheet is compressed. The effect that
the velocity ratio constraint B has on the generation of entropy
is shown graphically in Fig. 4(c), which compares and con-
trasts both of these counterfactuals. This graphic makes it
quite evident that when the estimates of the velocity ratio con-
straint growth, there is a corresponding drop in the entropy
production profile. In addition, the Fig. 4(c) demonstrates that
nanoparticles that have not aggregated have an entropy profile
that is lower than nanoparticles that have aggregated.

Fig. 5(a) investigates the effect of the mass suction con-
straint (¢ > 0), on the velocity f7(n) profile of the flow for both
of the scenarios. When the suction values are increased, it can
be observed that the velocity and thermal boundary layer
thickness with the highest boundary velocity are both decreas-
ing. This is the case for both scenarios. In addition, as com-
pared to the case of nanoparticles that do not aggregate, the
case of nanoparticles that do aggregate has a higher viscosity,
which causes the velocity of the aggregated nanoparticles to be
lower. Additionally, the velocity achieves its maximum value
when the impermeable sheet is used for both models. This is

(a) and (b): Impact of y and ¢ on skin friction and Nusselt number.

true for both models. Fig. 5(b) illustrates how the suction
affects the temperature distribution around the room. Fluid
suction draws the surrounding fluid closer to the stretched
sheet, which improves heat transmission and brings the fluid
closer together. When there is a greater amount of mass suc-
tion, the thermal boundary layer will have a thinner appear-
ance as a result. The impact that suction ¢ has on the
entropy generation number is seen in Fig. 5(c), which applies
to both scenarios. With increasing levels of mass suction, it
seems that the production of entropy is decreasing both at
the surface and in the neighborhood of the sheet. For both sce-
narios, the formation of the least amount of entropy can be
shown in the case of the impermeable sheet. In addition to this,
the boundary layer flow of the nanoparticle aggregation model
results in the production of a greater amount of entropy.
Fig. 6(a)-(c) show the influence that the inclined angle
parameter has on f'(y), 0(y) and N, respectively. Because of
these statistics, it is feasible to draw the conclusion that an
increase in the value of the inclined angle factor would result
in a commensurate rise in the velocity of the water-based alu-
mina nanofluid. This is something that can be deduced from



14

B.M. Makhdoum et al.

€=2.0,y=45°A=0.2,B=0.1,Ec=0.2

o
~
7 d

Without Aggregation

N
()
/

- With Aggregation

/

N
=
/
/4
bL) 7
/

1
(Rex)2 Cy
o

4

—_
(2]

00 02 0.4 06 08 1.0

(a) Skin friction of M against ¢.

M=0.5,y=45°¢=2.0,B=0.1,Ec=0.2

~
~ = ~
~ o ~ = ~
NN
=) o & " ~ ~ ~.
P4 s . e ~ ~ ~.
g s N
g e Sl e,
14 65 -~ =~ ~ k: N N ~
bt ~ = ~ ~
Without Aggregation e T T
b ~
6.0l = With Aggregation S =
0.0 0.2 0.4 0.6 08 1.0

¢
(b) Nusselt Number of 14 against ¢.

M=0.5,y=45°¢=2.0,8=0.1,A=0.5

. w
h
S =
6 TS
N S

=5 N SEEESsSs
z IS
-l S O ~
’;4 -~ r—
[0} : i ~ S
4 Without Aggregation ~ S
~ NS

2~ With Aggregation ~ \‘

0

0.0 0.2 0.4 0.6 0.8 1.0

¢

(c) Nusselt number of E¢ against ¢.

Fig. 12

the information presented here. As a result of this, a rise in the
values of the parameters that characterize the inclined angle is
induced by the increasing temperature of the water-based alu-
mina nanofluid, as can be seen in Fig. 6(b). Physically speak-
ing, the existence of the inclined angle, when combined with
the properties of the magnetic field, allows the fluid to travel
at a quicker pace, while simultaneously creating a sudden rise
in the rate at which heat is transferred. The graphic also
demonstrates that there is a minor increase in the velocity pro-
file when agglomeration is present as opposed to when there is
no agglomeration impact. The effect of the inclined angle y on
the creation of entropy is seen in Fig. 6(c), which applies to
both scenarios. When we raised the values of the inclination
angle 7y, there was an accompanying rise in the amount of
entropy generated for both scenarios. On the other hand,
nanoparticle aggregation results in a larger creation of entropy
than does the absence of aggregation.

Fig. 7(a) illustrates how the magnetic field M influences the
velocity curve of the nanofluid by using the situation in which
the nanofluid is stretched as an example. Although the Lorentz
force may, in principle, slow down motion caused by magnetic
parameters, this is not the case in the present scenario; rather,
motion is sped up. When there is a magnetic field in the area, a
force known as the Lorentz force acts to fight against the flow

(a): Impact of M and ¢ on skin friction. (b) and (c): Impact of A and Ec with ¢ on Nusselt number.

of fluid. The strength of this force has a one-to-one correlation
with M’s overall magnitude. As a direct consequence of this,
the Lorentz force will intensify as M increases. As M becomes
higher, the increasing resistance causes the momentum of the
fluid flow to decrease. This is because of how M affects
momentum. This phenomenon is common in the field of mag-
netohydrodynamics, and it may occur with Newtonian or non-
Newtonian fluid under a wide range of different physical situ-
ations. In this case, initially with aggregation has lower veloc-
ity profile compared to without aggregation but after n =~ 2
with aggregation model shows better results. Fig. 7(b) depicts
the disparity between the heat production constraint and the
heat absorption constraint throughout the course of a temper-
ature profile. This profile is used extensively in engineering
applications where heat dispersion is a crucial aspect that must
be considered critically. In the system under consideration, an
improvement in the generation/absorption factor will lead to a
rise in the thermal dispersion of the system. The heat absorp-
tion will act in a manner that is functionally analogous to that
of a confinement changer, transporting the heat that is pro-
duced by the body into the nanoliquid. In the case of a heat
production, the thermal propagation is concealed as a result
of this, although the exterior of the body is the source of the
heat produced in the occurrence of a heat production. When
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there is heat creation, there is a larger thermal act than when
there is no heat absorption. This is the case when compared
to the lack of heat absorption. The diagram makes it abun-
dantly evident that the heat dispersion of nanoparticles that
have aggregated is much higher than that of nanoparticles that
have not aggregated.

Fig. 8(a) is all about the purpose of studying the changes
that take place in the parameter Ecand identifying to what
extent will variations in thermal distribution 0(n) be affected
by those modifications. It has been found that there is an
increase in the temperature profile, which is evidence that the
temperature gradient around the stretching surface is greater
than the temperature of the free stream. This was discovered
when it was discovered that there was an increase in the tem-
perature profile. This was discovered as a result of the fact that
there is a rising trend in temperature. It was the reflection that
there was an increase in the temperature profile that led to the
discovery of this. As can be seen in the image, the case in which
Ec falls within the range of 0.0 < 5 < 1.0 demonstrates that the
model that does not aggregate data yields more accurate
results than the model that does. The considerable amount
of heat that is released is the direct cause of the temperature
increase that occurs inside the nanofluid stretching sheet as a
direct consequence of the immediate ramifications of this.
Because the dissipation parameter has reached its maximum
value, the nanofluid particles have started to collide with one
another. When the particles encounter one another, they pro-
duce more heat, which is then dispersed over the system. In
order to evaluate how much of effect, the Eckert number Ec
has on the creation of entropy, Fig. 8(b) is drafted for both sce-
narios. It has been observed that the rate at which entropy is
generated is proportional to a rising Eckert number. Because
the Eckert number Ec is increased, supplemental heat will be
created, and as a result, the creation of entropy will predomi-
nate. In addition, the figure demonstrates that nanoparticles
that have not aggregated have an entropy profile that is lower
than nanoparticles that have aggregated. On the entropy gen-
eration rate for both scenarios, the footprints of the tempera-
ture difference parameter Q is shown in Fig. 8(c). It has been
found that the process of heat dissipation accelerates as a con-
sequence of an acceleration in, which results in a reduction in
N;. The Eckert number has been seen to exhibit behavior that
is opposed to what was expected. When there is a greater tem-
perature differential between the two locations, the entropy
creation rate decreases. In addition, the figure demonstrates
that nanoparticles that have not aggregated have an entropy
profile that is lower than nanoparticles that have aggregated.

Both the skin friction (Re,)"*C; and the local Nusselt num-
ber (Rex)meux are important parameters for industrial
application. The local Nusselt number (Rex)’l/zNux is also
often known as the local heat transfer rate. The relevance of
these statistics cannot be disputed because of their widespread
use in many fields of business. Both the skin friction coeffi-
cients, denoted by (Re,\.)l/ch and the local Nusselt number,
denoted by (Rex)_l/ >Nu, react in a manner that is dissimilar
to one another when subjected to variations in the parameters.

The influence of ¢ with ¢ on the skin friction coefficient
(Rex)l/ZC,- and the local Nusselt number (Re,\.)_l/zNux of
AL O; — H,O nanofluid is shown in Fig. 9(a) and 9(b), respec-
tively, for the stretching case. For all possible values of equal

to ¢ =2.0,2.25,2.5,2.75,3.0, and Pr = 6.2. In a broad sense,
as ¢ grows, the amount of suction that is necessary decreases.
In addition, there is no possibility of a solution being found if
either an impermeable surface or an injection parameter is
taken into account. The rate of heat transfer is accelerated
whenever the flow is made more intense by the application
of suction. As can be seen in Fig. 9(a) and (b), the suction

parameter causes an increase in both the (Rex)l/sz and

(Rex)’l/zNux. This occurs regardless of the value of ¢ Suction
is required because increasing both the skin friction and the
Nusselt number need it. On the other hand, suction may be
helpful in increasing both the skin fraction and the local heat
transfer rate. This is because it pulls air through the surface
of the skin. When hot fluid particles are sucked toward a sur-
face using a vacuum, they move more quickly and effectively,
which consequences in an growth in the amount of heat trans-
ferred. This is as a result of the increased suction that was used.
In the case of a shrinking or stretching surface, on the other
hand, the data obtained until this point are definitive since it
is essential to determine the location of the separation point.
In spite of the possibility that a bigger suction strength will
have an effect on the process of heat transfer included in this
challenge, nanofluid is anticipated to increase the pace of ther-
mal transfer. On the other hand, this suction force is essential
for initiating the flow of the nanofluid. These findings will
serve as a standard for other researchers who want to investi-
gate ways to improve the rate of heat transmission in the
stretching/shrinking surface instance by altering physical
parameters or nanomaterials. These researchers want to find
a way to improve the rate of heat transmission without increas-
ing the surface area. These researchers will look at ways to
improve the rate of heat transmission by stretching and shrink-
ing the surface.

Fig. 10(a) and (b) show the growing effect of velocity ratio
parameter B on the enormous contribution of velocity ratio

parameter B on the (Rex)_l/zNux and the (Rex)l/zC, for both
of the aforementioned situations. This is shown by the fact that

larger values of B lead to an increase in the (Rex)l/ sz while at

the same time leading to a reduction in the (Rex)fl/zNul\., as
can be seen in these figures. However, because of the rise in
B that occurs when the sheet is shortened, there is a gain in

the (Re,\,)fl/ 2 Nu, that occurs at the wall. In contrast to this sce-
nario is the condition shown in Fig. 10(b), which demonstrates
that the rate of heat transmission reduces as the sheet is
expanded.

Fig. 11(a) and (b) illustrate, for both cases respectively, the
influence of the angle of inclination y towards ¢ on the
(Rex)l/ ZC/ and (Rex)_l/ >Nu,. The angle of the sheet influences
the velocity; increasing it results in a reduction in speed. When
» = 90, the arrangement of the vertical sheet is shown, and it
is determined that the greatest velocity occurs under these con-
ditions. In the situation when y — 0, siny — 0, magnetic effects
are eliminated (scenario with horizontal sheet in which the
magnetic field is perpendicular to the sheet surface and the
flow is unaffected by this configuration). The simulation of
the sheet alignment is carried out with the assistance of the
inclined Lorentz force component, which is derived from the
momentum boundary layer equation (2). siny is said to rise
in proportion to the value of y. Because of this, the influence
of the Lorentz force will diminish as the angle of inclination
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of the plate increases. Fig. 11(b) shows that the (Rex)_l/zNux
will reduction when the angle of inclination and magnetic
parameter are magnified. This is because the Lorentz force will
increase as the angle of inclination and magnetic parameter are
reduced, as is shown for both cases (with aggregation and
without aggregation).

The influence of the magnetic constraint M on (Re,)'">Cy is
shown in Fig. 12(a). The fluid flow in the lowering sheet is sig-
nificantly altered as a consequence of this effect. Because of the
presence of the Lorentz force, which works to slow down the
flow of fluid, the lowered skin friction coefficient increases as
M increases. This is because of the Lorentz force. The velocity
of the fluid is slowed down because the Lorentz force causes a
resistance to be formed against the motion of the fluid parti-
cles, which in turn causes the velocity of the fluid to decrease.
The development of the Lorentz force brought to a synchro-
nism between the magnetic field and the electric field, and this
synchronism tends to slow down the velocity of the fluid.
Because of the delayed flow, the boundary layer becomes thin-
ner as M gets higher, as seen in Fig. 7(a). This contributes to
an upsurge in the amount of skin friction that exists. The
impact of the heat generation/absorption constraint A towards

¢ on the (Rex)fl/zNux is seen in Fig. 12(b) for both cases. It

has been detected that the (Rex)fl/zNux diminishes when the
heat generation/absorption constraint increases. The contribu-
tion of the heat generation/absorption constraint to the tem-
perature outline is strengthened. As a result, there will be a
reduction in the amount of heat transported, and the pace of
heat transmission will decrease. In the meantime, an increase
in the Eckert number Ec intensity leads to an improvement
in the thermal state of the fluid, which, in turn, leads to an ele-
vation in the thermal boundary layer, as shown in Fig. 12(c).
This is because an increase in the Eckert number Ec intensity
leads to an enhancement in the thermal state of the fluid.
Because of this chain of events, the temperature of the fluid
as a whole will gradually increase. The Nusselt numbers

(Rex)_l/ >Nu, have been found to be lower when there is an
expansion in the amount of dissipation that is taking place,
and they have been shown to be greater when there is no dis-
sipation taking place at all. This has been shown via a variety
of different experiments.

6. Conclusion

The most significant finding of the present study is that heat transmis-
sion may be accelerated. On order to locate a two-dimensional stagna-
tion point that exhibits aggregation effects, a nanofluid based in water
and containing (45 0;) has been made to flow over a stretched sheet.
The thermophysical features were gleaned from the literature and then
used into this experiment. To accurately describe basic governance
equations, partial differential equations (PDEs) were used. These
PDEs were then turned into a set of ordinary differential equations
(ODE:s), which were then used in the process of transformation and
optimization. To identify a solution, the finest possible technique
was used. Graphic representations of the disruptive outcomes for the
complex parameters are shown below. The primary results are those
that convince.

e Aggregation of nanoparticles has a considerable impact on temper-
ature, entropy generation, Nusselt number, skin friction and veloc-
ity profiles.

e The temperature and entropy generation profiles were expanded
due to the volume proportion of alumina particles, which also
caused the velocity profile to deteriorate.

Increasing the velocity ratio parameter improved the velocity field
while also decreasing the temperature and entropy generation
profiles.

The heat generation/absorption parameter led to an increase in the
temperature profile’s overall magnitude.

Temperature and entropy generation profiles increased due to
increasing impact of Eckert number.

The entropy production decreases as the temperature difference
parameter increases.

The rate of heat transmission increases as a result of the addition of
¢ and ¢ respectively. When the suction parameter of (¢ = 0.5) is
used for the aggregation model, it is claimed that there is an
increase of roughly 13.2478% in the heat transfer rate.

e When Ec=0.5 is applied heat transfer rate is decreased by
3.0162% for aggregation model.

Skin friction increases for increasing values of ¢, B,y and M with ¢.
With aggregation model shows better performance for &, B and M
with ¢, whereas without aggregation model shows higher results
for y.

Nusselt number profiles decreases against B,y and A with ¢ for both
models.

7. Future suggestions

It’s possible that this will be valuable in studies done in the
future to improve the efficiency of heat transmission in con-
temporary industrial settings. In conclusion, it is claimed that
this research is authentic and one of a kind. It is generally
believed that the contemporaneous analysis will be of great
use in terms of modeling better flow obstructions, particularly
in the biomedical sector, for the treatment of cancer, the aero-
nautical industry, power production, nuclear reactors, and
solar thermal absorbers.

e [t is entirely up to the researcher to decide whether or not to
apply the slip conditions to the same model.

e The current study may be broadened in such a way that it
takes into consideration the commercial uses of the diffu-
sive liquids and nanofluids produced by other species.

e It is possible that the work that is now being done will be
broadened in the future to cover the unstable condition.

e The current investigation may be furthered by exchanging
the nanofluid with a new and more sophisticated kind of
heat transfer fluid known as hybrid and ternary hybrid
nanofluid. In addition to this, the scope of the research
may be broadened by taking into account the potential
for nanoparticles of varying shapes to escape the working
fluid at the same time. This might result in flow issues that
are both more difficult and more intriguing.
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