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ABSTRACT

In recent times, there has been a notable surge in the interest of researchers in soft computing and machine
learning methods. The primary reason for their value in many artificial intelligence applications is attributed
to their resilient nature, exact modeling capabilities, simulation capability, and efficient assessment
functionalities. This study uses Levenberg Marquardt Technique and Artificial Back Propagated Neural
Networks (LMT- ABPNN) to analyze the continuous free convection flow of a hybrid nanofluid across a
vertical plate. The governing partial differential equations that describe the flow are converted into a system
of ordinary differential equations through the use of a similarity transformation. Subsequently, numerical
methods are employed to solve this transformed system. The analysis and discussion focus on the impact of
copper nanoparticle volume fractions ¢2 on the velocity f'(n) and temperature 6(n). The findings indicate
a negative correlation between velocity and temperature, as the value of ¢2 grows. It has been found that
the rate of heat transfer at the surface becomes more pronounced as the value of ¢$2 increases. In addition,
it has been observed that the rate of heat transfer for the hybrid nano uid is higher compared to that of the

conventional nanofluid.
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Introduction

Inrecentyears, there has been a growing interestamong research-
ers, notably those in the eld of nanofluids, regarding the importance
of fluid flow over boundary walls. This interest stems from the wide
range of applications that such flow has in various engineering and
industrial sectors. There is an increasing focus on the study of the me-
dicinal and cooling qualities of mechanical instruments, such as those
used in nuclear reactors, biological processes, electronics, and other
related fields. [1-3]. The day when Khan and Pop made a nanofluid
analysis along a sheet [4], interest increased rapidly due to combining
the application of nanofluid and sheet. Different scholars extended
the classical work of Khan and Pop [4] by observing the impact of
pertinent parameters [5-10]. Similarly, Mohammadein and Jamshaid
et al. examine the convective heat transfer using the base model of
Tewari and Das [10,11]. Research on nanofluid flow problems, along
vertical plate are extended by Kuznetfov and Nield [12,13]. Recently,
Mahabaleshwar et al. studied the Newtonian fluid ow passed a porous

stretching sheet with CNTS effects [14]. MHD Impact with slip and
mass transportation examined by Vishalakshi, et al. [15]. In recent
years, there has been a notable increase in the interest surrounding
the investigation of heat transfer characteristics within engineering
and industrial contexts. Choi and Eastman [16] were the pioneers in
introducing a heat transfer fluid with enhanced performance, known
as “nano fluid.”

The term “nano fluid” denotes a fluidic medium that consists of a
primary fluid with nano-scale particles dispersed throughout it. Re-
search findings have demonstrated that the rate of heat transmission
in nanofluids is arugmented in comparison to conventional fluids. In
contrast to conventional nanofluids that comprise a singular type of
nanoparticles, hybrid nanofluids are composed of two separate types
of nanoparticles. This composition has the potential to enhance heat
transfer performance, since it is influenced by the presence of the sec-
ond type of nanoparticles. As a result, other associated applications,
such as the utilisation of hybrid nanofluid as a coolant in machining
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processes, are being contemplated. Recently, there has been a signif-
icant amount of scholarly discourse surrounding the numerical cal-
culations pertaining to the flow characteristics of hybrid nanofluids.
This emerging area of research has garnered considerable attention
within the academic community. An investigation conducted by Devi
and Devi [17] explored the characteristics of ow and heat transmis-
sion over a stretching surface using a hybrid nanofluid including
Cu-AL 0, nanoparticles. It was observed that the heat transfer rate is
comparatively greater in relation to the nanfluid containing a singu-
lar sort of nanoparticles. Subsequently, Devi and Devi [17] expanded
upon the aforementioned problem by considering three-dimensional
flows and incorporating a distinct surface heating condition known as
Newtonian heating.

The stagnation-point ow along a wavy cylinder surface in a hybrid
nanofluid containing titania and copper nanoparticles was investigat-
ed by Youse, et al. [18]. In their study, Waini, et al. [19] examined the
characteristics of unsteady hybrid nanofluid flow on a surface that
undergoes stretching or shrinking. Their investigation revealed the
presence of non-unique solutions. The temporal stability of the solu-
tions was examined, revealing that just one solution exhibited both
stability and physical reliability over time. Several research examin-
ing various physical features have been documented, including the
work conducted by Waini, et al. [19] as referenced in [20-27], among
other researchers, have conducted studies in this eld. Furthermore,
the issue of nanofluid or hybrid nanofluid has been extensively dis-
cussed in the publication authored by Das, et al. [28]. Artificial neural
networks (ANNs) play a crucial role in the eld of artificial intelligence
since they possess the capacity to reconstruct and generate models
based on non-linear phenomena. Artificial neural networks possess
a diverse array of applications spanning multiple disciplines, encom-
passing system identification, sequence recognition, process control,
sensor data analysis, natural resource management, quantum chem-
istry, data mining, pattern recognition, medical diagnosis, nance, visu-
alization, machine translation, and social network filtering.

Artificial neural networks (ANNs) are characterized by their mul-
tidimensional nature and their ability to assimilate incoming data as
they undergo the learning process. Artificial neural networks (ANNs)
are well recognized for their effective and practical use of stochas-
tic numerical techniques, particularly in the eld of backpropagation.
The backpropagation algorithm is a supervised learning technique
that use a gradient descent algorithm to minimize the error gradient,
hence reducing the likelihood of errors being seen. The backpropaga-
tion method was first presented by Paul Werbos in 1974 and subse-
quently found independently by Rumelhart and Parker. The use of the
backpropagation algorithm is prevalent in the context of feed-forward
multilayer neural networks, with the primary objective of facilitating
the learning process. The Levenberg Marquardt (LM) backpropaga-
tion method is a recently developed approach within the domain of
artificial neural networks (ANNs) that offers computational reme-
dies for a range of fluid flow-related issues. The achievement of sta-

ble convergence, referred to as LBM-BN, has been accomplished by
researchers via the use of a Levenberg-Marquardt back-propagating
artificial neural network (ANN) in conjunction with both Newtonian
and non-Newtonian fluid systems. Ly, et al. [29] conducted a meta-
heuristic analysis to evaluate the efficacy of LBM-BN in forecasting
the shear capacity of foamed concrete.

The study focused on examining the specifications and structure
of LBM-BN, with the objective of assessing its effectiveness in terms
of both speed and reliability. In the research conducted by Zhao, et
al. [30] the Lattice Boltzmann Method-Bayesian Network (LBM-BN)
approach was used to evaluate the structural deficiencies present in
reinforced concrete beams. The research conducted by Nguyen, et
al. [31] investigated the utilisation of artificial neural network (AN-
N)-based linguistic models (LM) to improve the accuracy of robot
placement. Alj, et al. [32] utilised an Artificial Neural Network (ANN)
in combination with a Language Model (LM)-based training method-
ology to forecast the volumetric ow rate of water over a steep- crest-
ed weir. Ye and Kim [33] used the LBM-BN approach to evaluate the
energy consumption of a building located in China. Bharati, et al. [34]
proposed a novel systematic methodology that utilises a neuro-fuzzy
system framework and self-organizing maps to analyse superconduc-
tor prediction. Artificial neural networks (ANNs) are increasingly uti-
lised in scholarly literature to tackle practical difficulties, due to their
versatile nature in the domain of fluid dynamics and their efficacy in
developing deterministic computer models.

As a consequence, there has been a notable increase in the num-
ber of research publications investigating a range of subjects, includ-
ing entropy-generated systems, porous ns, COVID-19, and other in-
terconnected domains. Artificial neural network methodologies are
widely employed in the domains of engineering and research due to
their demonstrated efficacy in augmenting production, optimising
company strategies, and fostering social progress. Artificial intelli-
gence-based stochastic solution strategies are utilised for resolving
non-linear ordinary differential equations (ODEs) that arise in fluid
ow problems. This methodology successfully addresses the issues
encountered in supervised learning through the utilisation of intelli-
gent computing methodologies. [35-37] conducted a study on ohmic
behaviour.

Novelty of the work

This research study presents some innovative notions related
to the specified problem and soft computational model. The present
study proposes the utilization of the Levenberg Marquardt Tech-
nique in conjunction with artificial back propagated neural networks
(LMT-ABPNN) to investigate the effect of the evaporator outlet pres-
sure (EOP) in a mixed hydrodynamic and solutal gravity ow model
(MHDSGFM). The study focuses on the analysis of free convection
how around a vertical plate in a hybrid nanofluid. The nanofluid
model employed in this investigation is based on the formulation pro-
posed by Tiwari and Das [38]. Copper (Cu) and alumina (AL,0,) are
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regarded as the nanoparticles that are dispersed in water to create
a hybrid nanofluid. The datasets were generated by employing the
bvp4c function provided in the Matlab software. These datasets were
then utilized as targets in the training, validation, and testing process-
es to establish the approximate solution of the proposed LMT-ABPNN.
The proposed methodology effectively analyzes the dynamics of the
problem across multiple scenarios by considering the variations in
relevant parameters. This analysis aims to portray the behaviors of
flows, velocity, temperature pro les, Nusselt number, and skin friction
coefficient. The validity and verification of the LMT-ABPNN model
rely on a comprehensive evaluation of accuracy assessments, histo-
grams, and regression analysis performed for the MHDSGFM. These
evaluations are presented in both graphical and numerical formats,
providing adequate detail.

Mathematical Formulation

This study investigates the characteristics of a constant free con-
vection ow and heat transfer occurring in the vicinity of a vertical
plate, utilizing a hybrid nanofluid. The constant temperature of the
plate is denoted as Tw. The following equations govern the ow [12]
which can be read as:

VV=0,1
1 phn, . (pp)hn; O, B’
VvV = Vp+ Vo+ T-T)g+——U,_ -
V.V) o o g, (T-T.)g ol U, —u)
k
(V)T =—2 G (T-T,) 3)

where V = (u, v), T, p, g and 2 denote the velocity, hybrid nano-
fluid temperature, pressure, gravitational acceleration, and Laplacian
operator, respectively. Further y,_, p, . B, » (pCp) , ;and k,_ are the
hybrid nano fluids values for its dynamic viscosity, density, coeffcient
for thermal expansion, heat capacity, and the thermal conductivity
respectively where the equations to evaluate their thermo-physical
characteristics are provided in the following equations [26]:

Dynamic Viscosity:
Hy
fy = @)
ToA-g)”
", = Hy
hnf (1 _ ¢1)245 (1 _ ¢2)2,5
Density of the fluids:

Py =1U=8)p, +dp, (5

Pins = (I-g)I1-4¢ )pf +4p,]

Thermal expansion coefficient:

(LB, =1=9)(pB); + 9 (PP), (6)
(pﬂ)hrgf = (1 - ¢2 )[(1 - ¢1 )(pﬂ)/ + ¢1 (pﬁ)sl] + ¢2 (pﬂ)32

Heat capacity of fluids:

(0C,),, =1=¢)pC,), +¢(pC,), (7)

(IOCp)hnf =(1-¢)l- ¢1)(pCp)f +4 (pCp)Sl] +9, (pCp)sz

Thermal Conductivity:

kg 2k, =24k, —k,)
"k, + 2k, + ¢ (k, —k,)(k,)

(8)

ko = ko, + 2knf —2¢, (knf —ky)
" ks2 + 2’knf + ¢2 (knf - ks2)(knf)

The equations (4,5,6,7 & 8) display the volume fractions of Al203
and Cu nanoparticles, denoted by ¢1 and d2 respectively. A value of
$1 = $2 = 0 indicates a fluid that is not infused with nanoparticles
In this study, we investigate the ow and heat transfer properties of
a Casson hybrid nanofluid using a two-dimensional stable mixed
convection boundary layer. The Casson parameter, denoted as CO, is
employed to describe the relevant parameter in the analysis. The ex-
amination of heat transport entails the contemplation of both heat
sources and heat sinks. A coordinate frame is chosen in a manner that
aligns the x-axis parallel to the surface of the sheet, while the y-axis is
used to measure the normal to the surface. A positive number along
the y-axis is anticipated for the normal to the surface. The variable
Uco(x) represents the velocity of the ow at a significant distance from
the plate. Conversely, the quantity denoted as uw(x) represents the
rate of change of velocity at which the sheet is undergoing either ex-
pansion or contraction. Furthermore, the symbol Tw(x) is used to rep-
resent the temperature of the surface, whereas Too is used to describe
the unchanging ambient temperature. The manufacturing process of
nanofluids commences with the initial step of systematically intro-
ducing alumina nanoparticles into the base fluid (BF). This procedure
leads to the formation of a nanofluid consisting of a mixture of AL,0,/
water. The process of producing the hybrid nanofluid Cu-AL0,/water
involves treating the Al,O,/water nanofluid with copper nano-parti-
cles. (Table 1) presents thermophysical parameters of water, copper,
and aluminum oxide. Following the theoretical model and making the
assumption of the Boussinesq and BL approximation, the governing
equations of the problem are as follows
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ou Ov
—+—=009
ox Oy
ua_”ﬂ,@_M(Uoo_u):MgﬁL%(]‘_Tw}g (10)
ax ay p/mf p}mf ay ph"/
2
8_T V@_T_ ki 0 7;+ 9 (T-T.) (1)
a.x ay (pCp )hnf ay (pcp)hnf

Subject to boundary conditions, which are as follows
U=0,y=0,T=T,

u—>0T—->T,y—>©
Now, we introduce the stream function ¥ which is defined as:
oY oY (12)
"o, o,

y X
Therefore, the equation (9) is satisfied identically. According to

u

b

Kuznetsov, et al. [12], we introduce the similarity variables,

I'—Too U:ZRaxM

Y =qa,Ra"* ,0(n)=———,
Ra.” f(n),0(n) T —To .

(13)

Where Rax is the local Rayleigh number which is defined as:

T —T)H)x
Ra:gﬂf(w co)

X

(14)
AV,

Similarity variables are then substituted into equations 10-11 to
get the following ordinary (similarity) diffe erentiation equations:

fee,+ (i)Pr(M’" =20/ ))+eM1-[)+e0=0 (15)

Funy 1y 0 +¢c (3)( 0 +0f)+00=0 (16)
(pC,)/ (pC,), 4

where, the formula for the terms &, &,, &, and &, canbe seen
from the following (Table 2).

Whereas the boundary conditions are changed to read as follows:

S =&, ()=&,,0)=1,,1=0
f ) —6,,,00)—>6, a0 >0

Also, af denotes the base fluid thermal diffusivity, and primes
stand for differentiation in relation to 1, whereas the magnetic field
parameter is denoted by M along heat source/sink by Q. On the other
hand, CO refers to the Casson parameter, the mixed convection param-
eter is denoted by A. Also, 6” represents the constant value for differ-
ent arguments. These parameters are defined as follows:

R zUw(x)x’Aszzx’QZ 0,
: R a(pC,)f

Vr
Table 1: Thermophysical characteristics of the BF and the na-
no-particles.

(17)

M =2

apy

Physical characteristics Fluid Phase | (Water) Al,O, | Cu
p(kg/m?) 997.1 3970 8933
C,(/kgK) 4179 765 385
k(W /mK) 0.613 40 400
B x 1075(1/K) 21 0.85 1.67
Table 2: The formula for the terms €, €, €, & g, [26].
< Formula
& (1_¢1)2‘5 (1_¢2)2A5
Py (1= +4ED) +4, 22
Py Py
g (=gA=-4)(1— )+ 41— ) D),y (PDor)
B, (PP,
(PCa . (PC,)
&4 (=) +fi(l-gy)— P, —
(pC,), " (pC,),

Important Engineering Aspects

In engineering problems, two important physical quantities are
the shear stress rate, which can be quantified by the skin friction co-
efficient, and the rate of heat transfer, which can be quantified by the
Nusselt number. The formulae for N & C, can be elaborated as:

—xk,mf

Nu =———(T)y=0, (18)
k(T,-T,) 7
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. s . . 1 .
Local skin friction coefficient g, 2. can be viewed as:
x f

Re E = !
x 7 (1_¢1)2.5 (1_¢2)2.5

7(0) 19)

1 .
Reduced Nusselt number Re, 2 Nu, can be viewed as:

ul —k,, .
Re, 2 Nu_=—"26'(0) (20)
kf

Analysis
Validation

We have presented the values of -6" (0) for a case where (¢, =
¢, = 0), shows a regular uid. These values are shown in (Table 3) for
various Prandtl (Pr) numbers. Subsequently, we have compared our
current findings with previous studies under extreme conditions,
revealing a remarkable agreement between our results and those
from prior research. (Table 4) presents the outcomes of LMT-ABPNN
concerning different variations of the local Nusselt number and skin
friction coefficient for the MHDSGFM. The table includes information
on the use of backpropagation networks, mean squared error (MSE)
values for training, validation, and testing, as well as the total num-
ber of iterations/epochs and the time required for all the MHD-SGFM
scenarios.

Table 3: Value of 8"(0) for regular uid (¢, = ¢, = 0) with various values of Pr.

Pr Bejan [39] Chamkha [40] Ibrahim [41] Present Results
0.72 0.387 - - 0.3874
1 0.401 0.40178 0.4010 0.4010
2 0.426 - - 0.4260
10 0.465 0.4658 0.4633 0.4650
100 0.490 0.49063 0.4811 0.4900
1000 0.499 0.49739 0.4836 0.4986

Table 4: Results of LMT-ABPNN for local nusslet number (n.number) and skin friction coefficient (s.friction) with ¢, (Cu/water)

and ¢,(Cu - AlL,O,/water).

MSE
Phy.Quantities Performance Grad Mu Epo.
Training Validation Testing
¢, (n.number) 1.30 x 1078 3.24%19=9 1.20%9—10 1.31 x10°° 1.89 x 10 1.00 x 10°® 432
¢, (n.number) 5.77 x 107" 4.45 %107 6.09 x 107 2.99 x 107 1.08 x 107% 1.00 x 10°® 508
¢, (s.friction) 2.66 x 1077 3.40%19—8 2.60 x 1078 2.64 x 1077 1.94 x 10 1.00 x 1077 299
&, (s.friction) 1.47 x 107 1.13%10=7 3.04x109=8 1.10 x 1077 4.08 x107° 1.00 x 10°® 279

Variation in Parameters Affect Local Nusselt Number
and Skin Friction with ANN

(Figure 1a) the graph depicts the optimal validation performance
of the model at each epoch, with the objective of reducing validation
loss progressively. The train loss exhibits a quick decline, reaching a
plateau at epoch 20, but the validation loss has a slower rate of de-
crease. The smallest validation loss of the model observed at epoch 83
is 8.3346e-11, suggesting that the model is effectively avoiding ovefit-
ting to the training data. (Figure 1b) the graph illustrates the average
squared error (MSE) of a deep learning model utilized for the predic-
tion of the Nusselt number, a significant parameter in the eld of heat

exchanger construction. The mean squared error (MSE) of the model
exhibits a decreasing trend in the earlier stages, followed by a pla-
teau at epoch 70, which suggests a high level of accuracy. The epoch
that yields the highest validation performance is epoch 70, where the
mean squared error (MSE) is recorded as 5.7722e-11. g 1(c) provided
graphic exhibits the optimal validation performance of a deep learn-
ing model in the prediction of the skin friction coefficient, a critical
parameter in the elds of aerodynamic and hydrodynamic design. The
mean squared error (MSE) serves as a metric for evaluating the accu-
racy of a model, where a smaller MSE value signifies more accurate
predictions. The epoch at which the highest validation performance
is observed is epoch 1000, with a mean squared error (MSE) value of
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1.5262e-12. This result suggests that the model has strong general-
ization capabilities. The proposed model offers the capability to fore-
cast the skin friction coefficient pertaining to novel airplane and vehi-
cle designs. This has the potential to diminish the necessity for wind
tunnel experiments and facilitate the development of more stream-
lined and hydrodynamic items. Consequently, this advancement could
resultin energy conservation and a decrease in emissions. (Figure 1d)
The graph illustrates a notable initial decrease in the mean squared
error (MSE) of the model, followed by a stabilization phase occurring
approximately around epoch 100. This implies that the model has ac-
quired the ability to accurately forecast the skin friction coefficient.
The epoch at which the highest validation performance is attained
is epoch 500, exhibiting a mean squared error (MSE) of 1.5262e-12.

Best Validation Performance is 8.3346e-11 at epoch 83

10°
Trasn
Walidatson
— Tant
— 0¥ Best
&
E
(- -1
g 107 F
w
‘E £
5 1w
=
o
7]
=
8 q0®
=
1n.||\| ; )
0 10 20 30 40 50 B0 To a0
83 Epochs
(a)
Best Validation Performance is 1.5262¢-12 at epoch 1000
Train
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a— Bast
&
E
=
g
w &
10
B
]
=
o
o0
=3
=
o
= ,.In-ll?
4] 200 A00 BO0 800 1000
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(c)

The obtained outcome is very commendable, indicating a high likeli-
hood of the model’s ability to effectively extrapolate to novel data. The
model predicts skin friction coefficient for new aircraft and vehicle
designs, reducing wind tunnel tests and promoting more aerodynam-
ic and hydrodynamic objects, potentially leading to energy savings
and reduced emissions. (Figures 2) depict the degrees of convergent
efficiency, perfection, and accuracy in resolving the scenarios of Nus-
slet and skin friction coefficients. The time point at which the highest
level of validation performance was attained was identified as the
most exceptional. This observation illustrates that all lines display a
consistent level of smoothness and converge towards a shared point,
so concerning the concept of an ideal performance.

Best Validation Performance is 5.7722e-11 at epoch 70

10
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2
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Best Validation Performance is 1.1216e-07 at epoch 650
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(d)

200

Figure 1: Training performance for the target of using of local nusselt and skin friction cofficient number

a)  Cu/water
b)  Cu-ALO, /water
c¢)  Cu/water
d) Cu-ALO,/water.
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° Gradient = 9.6503e-08, at epoch 50
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Validation Chacks = 6, at apoch 151

151 Epechs
(c)

Gradient = 0.00020251, at epoch B

Mu = 1e-08, at epoch 8

Validation Checks = 6, at epoch 8

(d)

Figure 2: Results of the transition state using of local Nusselt and skin friction cofficient number

a)  Cu/water
b)  Cu-ALO, /water
c¢)  Cu/water
d) Cu-ALO, /water.

(Figure 3a) The error histogram shows that the model accurately
predicts local Nusselt numbers, with most errors being small, with
less than 5 greater than 10. However, some outliers occur due to the
complexity of the problem, which can be affected by various factors.
(Figure 3b) The error histogram is a useful tool for assessing uncer-
tainty in the prediction of the local Nusselt number, indicating high
uncertainty in the prediction. This information can guide experiment
design or develop more conservative engineering designs. (Figures 3c
& 3d) illustrates the distribution of the skin friction coefficient across
20 distinct bins. The skin friction coefficient exhibits its maximum
value in the initial bin and thereafter diminishes as the bin number

increases. This phenomenon can be attributed to the fact that the first
bin typically encompasses the highest Reynolds values. The graph ad-
ditionally illustrates a considerable degree of variability in the skin
friction coefficient, even among Reynolds numbers that are similar
in magnitude. The skin friction coefficient is influenced by several
factors, including surface roughness and the existence of turbulence.
(Figures 4a & 4b) The autocorrelation plot reveals a significant asso-
ciation between the error and time lag at lower values, whereas the
strength of this correlation diminishes considerably as the time lag
grows.
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Figure 3: Error histogram form using the target using of local Nusselt and skin friction cofficient number

a)  Cu/water
b)  Cu-ALO, /water
c¢)  Cu/water
d) Cu-ALO, /water

This implies that the discrepancy observed at a given time step
is expected to exhibit similarity to the discrepancy observed at the
subsequent time step, while it is improbable for the discrepancy to
exhibit similarity to the discrepancy observed at a significant distant
time step. This observed behavior is characteristic of convective heat
transmission, wherein the punctuation of the local Nusselt number
is attributed to the stochastic movement of fluid molecules. The tem-
poral punctuations at a given point are expected to exhibit similarity
with subsequent temporal punctuations, while displaying dissimi-
larity with temporal punctuations occurring at significantly distant
points. The utilization of the autocorrelation graph is crucial in the

development of control systems for convective heat transfer applica-
tions. The graph can be utilized to ascertain the requisite sampling
frequency for precise measurement of the local Nusselt number. The
graph can also serve as a tool for the development of controllers that
possess the capability to mitigate the inherent variability of the local
Nusselt number. (Figures 4c & 4d) illustrates the local skin friction
coefficient, while also demonstrating the autocorrelation of error 1.
Autocorrelation of error 1 refers to the correlation between the error
term in a given period and the error term in the preceding period. The
autocorrelation coefficient quantifies the magnitude of the correla-
tion. The autocorrelation coefficient has a potential range of values
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between -1 and 1. A value of 1 signifies a complete positive correla-
tion between the error terms, implying that the error term in one pe-
riod serves as an exact predictor of the error term in the subsequent
period. A value of -1 signifies a state in which the error terms exhibit
complete negative correlation, implying that the error term observed
in one period serves as a awless predictor of the opposite of the error
term observed in the subsequent period. A value of zero signfies that
the error terms exhibit no correlation, implying the absence of any
association between the error term in one time period and the error
term in the subsequent time period. (Figures 5a-5d)) The graph you
sent displays the output of training, validation, and test models for
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an artificial neural network (ANN). The models have a high R-value,
close to 1, indicating accurate prediction of the target output for var-
ious inputs. This ANN model has potential applications in machine or
process performance prediction, fraud detection, data classification,
and content generation. For instance, it can predict polyamide- 12
degradation by biocompatible fuels, a complex process di cult to mod-
el using traditional methods. It can also develop a sensitive sensor for
detecting penta-chlorophenol, a toxic compound harmful to human
health and the environment. Overall, the ANN model is a powerful
tool for solving various problems.
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Figure 4: Correlation between input error, output and target using of local nusselt and skin friction cofficient number

a)  Cu/water
b)  Cu-ALO,/water
) Cu/water
d) Cu-ALO,/water.
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Figure 5: Regression analysis from using the target using of local nusselt and skin friction cofficient number

a)  Cu/water
b)  Cu-ALO,/water
) Cu/water
d) Cu-ALO,/water.

Nano Particles Volume Fraction

The volume fraction of nano-particles is a crucial physical param-
eter for assessing the impact of nano-particles on fluid flow and heat
transfer rate. (Figures 6 & 7) depict the impact of nano- particles vol-
ume fraction ¢, and ¢,, on f' () and 8(n) respectively fora Cu - AlL0,/
water hybrid nanofluid. Analysis shows an upward trend because of
increment of volume fraction of ¢, & ¢,, see (Figures 6 & 7) there-
fore momentum BL thickness decreases, the velocity of the fluid flow
will be higher hence increment observed in the surface shear stress.
The temperature profiles of the base fluid as shown in (Figures 8 &

9) are significantly more moderate than the temperature pro les of
the hybrid nanofluid. It would appear that the temperature pro les
and thickness of the thermal BL are increasing in conjunction with
each subsequent increase in ¢, and ¢,, therefore, the amount of heat
how on the surface decreases. As a result, many different solid vol-
ume fractions of copper are added to the mixture in order to create
a hybrid nanofluid consisting of copper, aluminum oxide, and water.
The Prandtl number, represented by the numerical value 6.2, is uti-
lized in our calculations. This value specifically pertains to water as
the foundational fluid. In order to obtain accurate numerical results, it
is necessary to maintain a constant value, as we have observed a high
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level of agreement [26]. The results show that there is an increase in  satisfactory, such as 5%. Thus, the presence of hybrid nano-particles
both the standard nanofluid and the hybrid nanofluid when the value  has a tendency to increase the domain of the relevant parameters for
of ¢, is raised from its initial value to a level that is considered to be ~ which solutions are present
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Figure 6: Impact of different volume fractions such as ¢, for a velocity profile.
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Figure 7: Impact of different volume fractions such as ¢, for a velocity profile.
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Figure 8: Impact of different volume fractions such as ¢, for temperature profile.
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Conclusion

This study use the Levenberg-Marquardt Technique in conjunc-
tion with Artificial Back Propagated Neural Networks (LMT-ABPNN)
for the purpose of investigating. The present study investigates the
phenomenon of continuous free convection ow of a hybrid nanoflu-
id in close proximity to a vertical plate. The PDEs that govern the
MHD SGFM were converted into ODEs by the application of a suitable
transformation methodology. The dataset was acquired through the
utilization of the Runge-Kutta-Fehlberg fourth-fifth order (RKF45) al-
gorithm. This study investigates the spectrum of physical attributes
including all conceivable scenarios of the LMT-ABPNN. The reference
data samples were employed as targets throughout the training, vali-
dation, and testing phases in order to approximate the solution of the
proposed LMT-ABPNN. The performance validation of LMT-ABPNN
was carried out by t- ness evaluation utilizing the mean squared error
(MSE), examination of the error histogram, and regression analysis.
The LMT-ABPNN model’s validity and verification are determined
through a thorough examination of accuracy evaluations, histograms,
and regression analysis [39-41].

The convergence of the obtained outcomes for the minimum Mu
and gradient values exhibits enhancement when the testing and train-
ing efficiency of the network improves. The LMT- ABPNN model’s va-
lidity and verification are demonstrated through a thorough examina-
tion of accuracy evaluations, histograms, and regression analysis. The
convergence of the obtained endings for the minimum Mu and gra-
dient values demonstrates enhancement as the testing and training
efficiency of the network improves. The current findings were com-
pared to the previously established results for extreme scenarios, and
shown a high level of concurrence. The findings of the study indicated
thatan increase in ¢, resulted in a decrease in the velocity f'(n), while
simultaneously causing an increase in the temperature 6(n). The in-
corporation of nanoparticles resulted in an increased heat transfer
rate for the hybrid nanofluid compared to the conventional nanofluid.

Data Accessibility Declaration

Not applicable.
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