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In recent years, the integration of stochastic techniques, especially those based on artificial neural net-
works, has emerged as a pivotal advancement in the field of computational fluid dynamics. These
techniques offer a powerful framework for the analysis of complex fluid flow phenomena and address
the uncertainties inherent in fluid dynamics systems. Following this trend, the current investigation
portrays the design and construction of an important technique named swarming optimized neuro-
heuristic intelligence with the competency of artificial neural networks to analyze nonlinear visco-
elastic magneto-hydrodynamic PrandtleEyring fluid flow model, with diffusive magnetic layers effect
along an extended sheet. The currently designed computational technique is established using inverse
multiquadric radial basis activation function through the hybridization of a well-known global searching
technique of particle swarm optimization and sequential quadratic programming, a technique capable of
rapid convergence locally. The most appropriate scaling group involved transformations that are
implemented on governing equations of the suggested fluidic model to convert it from a system of
nonlinear partial differential equations into a dimensionless form of a third-order nonlinear ordinary
differential equation. The transformed/reduced fluid flow model is solved for sundry variations of
physical quantities using the designed scheme and outcomes are matched consistently with Adam's
numerical technique with negligible magnitude of absolute errors and mean square errors. Moreover, it
is revealed that the velocity of the fluid depreciates in the presence of a strong magnetic field effect. The
efficacy of the designed solver is depicted evidently through rigorous statistical observations via
exhaustive numerical experimentation of the fluidic problem.
© 2024 The Chemical Industry and Engineering Society of China, and Chemical Industry Press Co., Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction

Magnetohydrodynamic (MHD) is a subclass of fluid dynamics in
which electrically conducting fluid characteristics are analyzed.
Fluids including salt water, electrolysis, and plasma are some
common examples of MHD. Some common applications of MHD
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are electromagnetic propulsion, pumps, and power generators
successfully playing their role in industries. MHD's extensive use
attracts many researchers to examine various fluids in the presence
of the magnetic field. Mishra et al. [1] investigated MHD radiative
flow over an exponentially stretching surface (ST-S) under the ef-
fect of the magnetic field. Abdul Jawwad et al. [2] examined MHD
Carreau nanofluid over radially ST-S in the case of stagnation point
flow. Mahabaleshwar et al. [3] scrutinized flow inMHD Casson fluid
with chemical reaction impact. Alqahtani et al. [4] discussed the
heat transfer effect viaMHDDarcyeForchheimer Casson fluid along
an exponential ST-S. Al-Bossly et al. [5] studied MHD phenomena in
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Fig. 1. (a) Structure diagram of ANNs-RBAF-PSO algorithm to solve MHD-PEFF problem. (b) Graphical abstract designed for ANNs-RBAF-PSO algorithm to solve MHD-PEFF problem.
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EyringePowell fluid with mixed convection along ST-S. Bhatti and
Michaelides [6] formulated Oldroyd 6-constant fluid using micro-
plates under the influence of electro-MHD. Shahid et al. [7]
numerically investigated a fluid containing nanoparticles through a
porous medium with the MHD effect. MHD-based productive
research is presented in Refs. [8e15].

Non-Newtonian fluids are also called nonlinear fluids as their
rate of deformation and shear stress are not in a linear relationship.
These fluids are present in the shape of toothpaste, paints, ketchup,
and lubricants in our daily routine. Various fluidic models including
Prandtl fluid, PrandtleEyring fluid, and power law fluid are some of
those models that are scrutinized as viscoelastic fluidic models for
their physical aspects. Munjam et al. [16] inspected MHD-PEFF
(PrandtleEyring fluid flow) with convective heating over ST-S us-
ing the KellereBox technique. Ullah et al. [17] used numerical
treatment for PEFF under the effect of activation energy along ST-S.
Fig. 2. Outcomes of PSO and SQP for optimizing the net

Table 1
Physical parameters and their values involved in the MHD-PEFF model

Scenario 1 a ¼ 3 a ¼ 4 a ¼ 5 a ¼ 6
Scenario 2 b ¼ 0.01 b ¼ 0.27 b ¼ 0.54 b ¼ 0.80
Scenario 3 M ¼ 0.01 M ¼ 0.6 M ¼ 1.2 M ¼ 1.8
Shoaib et al. [18] examined PEFF in the form of a system of ordinary
differential equations (ODEs) through a stochastic technique. Ullah
et al. [19] theoretically analyzed PEFF involving nanoparticles in the
form of a system of nonlinear ODEs using a Lobatto computational
solver. Salawu et al. [20] investigated hydromagnetic PEFF using a
semi-implicit difference technique. Shah et al. [21] discussed heat
transfer phenomena to analyze engine oil-based PEFF with nano-
particles in hybrid form using the Chebyshev collocation method.
Verma et al. [22] studied PEFF through a DarcyeForchheimer me-
dium in porous form using nanosized particles. Chaudhary et al.
[23] scrutinized PEFF using DarcyeForchheimer flow with Brow-
nian diffusion effect containing nanoparticles. Some useful dis-
cussion about PEFF is presented in Refs. [24e26].

The stochastic techniques based on artificial neural networks
(ANNs) have been implemented successfully in numerous daily
life problems to solve them in the form of nonlinear ODEs for the
last few decades due to their reliability and tendency to gain fast
convergence. The applications of ANNs involved machine learning
paradigms are computer virus treatment models [27,28], delay-
based plant virus model [29], SIR model [30], laser transmission
welding model [31], facial expression recognition [32], Lassa fever
transmission model [33], Solar system [34], water production
forecasting model [35], dish solar augmentation model [36],
works in scenario 1 (case 1) of MHD-PEFF problem.
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spline model [37], corneal-shape paradigm [38], friction stir
welding model [39], Casson fluid model [40], nanofluidic model
[41], freshwater prediction model [42], model of induction motor
[43,44], hybrid nanofluidic model [45], singularly perturbed delay
differential equation and bio heat models [46e48], hybrid nano-
fluidic models [49,50], fin dynamical models [51,52], iterative
malicious context learner in social networks [53], categorization
of emotions in pets behavior [54], human action recognition in the
video sequences [55], analysis of the prognosis system to predict
employees job satisfaction [56], and implementation of multi-
robotic navigation system [57]. These applications give a clear
image of large-scale uses of ANNs, but the radial basis activation
function (RBAF) currently involved to design computational al-
gorithm in which particle swarm optimization (PSO) is involved,
i.e. ANNs-RBAF-PSO solver, has never been used to analyze the
MHD PrandtleEyring fluid flow (MHD-PEFF) model as per our
literature survey. The highlights in terms of insights, contribution,
and novelty of the current research study are briefly listed as
follows:

� Hybridization of particle swarm optimization and sequential
quadratic programming.
Fig. 3. Outcomes of PSO and SQP for optimizing the net
� Analysis of MHD-PEFF model via swarming intelligence-based
ANNs-RBAF-PSO solver.

� Solution ofMHD-PEFFmodel into a dimensionless form of third-
order nonlinear ODE.

� Velocity analysis of the MHD-PEFF model via physical
parameters-based scenarios.

� Graphical/tabulated form numerical results are verified via
statistical analyses.

The further division of this research article is as follows. The
second section is allocated for the formulation of the fluidic prob-
lem. The third section is assigned to present the methodology.
Results and discussion are presented in Section 4 while Section 5 is
for the conclusion.
2. Problem Formulation

Consider the two-dimensional incompressible steady-state PEFF
along a stretchable sheet. The stretching of the sheet is linear (in
the x-direction) while fluid is assumed to occupy in y > 0 direction.
The magnetic field is applied with strength B acting perpendicular
works in scenario 2 (case 1) of MHD-PEFF problem.
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to the direction of flow. The governing equations [58] are expressed
as:

vu1
vx

þ vu2
vy

¼ 0 (1)

u1
vu1
vx

þu2
vu1
vy

¼ A
rgC

v2u1
vy2

� A
2rgC3

�
vu1
vy

�2
v2u1
vy2

� sgB0
2u1

rg
(2)

Associated with boundary conditions.

u1 ¼ U ¼ a1x;u2 ¼ 0 at y ¼ 0
u1/0 at y/∞ (3)

The form of the stream function is:

u1 ¼
vj

vy
;u2 ¼ �vj

vx
(4)

The similarity transformation used here:

h ¼
�
a1
vg

�
1
2y;j ¼ �

vga1
�1
2x gðhÞ (5)

Substitution of Eq. (5) into Eqs. (1)e(3) generates.
Fig. 4. Outcomes of PSO and SQP for optimizing the net
ag
000 ðhÞ � abðg00 ðhÞÞ2g000 ðhÞ � ðg0ðhÞÞ2 þ gðhÞg00 ðhÞ �Mg0ðhÞ¼0

(6)

With boundary conditions

gð0Þ¼0; g0ð0Þ ¼ 1; g0ð∞Þ ¼ 0 (7)

The dimensionless parameters involved in Eq. (6) are formu-
lated as:

M ¼ sgB2

arg
;a ¼ A

mgC
; b ¼ a3x2

2C2vg (8)

3. Methodology

The assumed numerical solution formulation using ANNs-RBAF-
PSO solver is:

bgðhÞ¼ Xn
k¼1

m1kFðm2khþm3kÞ (9)
works in scenario 3 (case 1) of MHD-PEFF problem.



Fig. 5. Weights calculated in first scenario of MHD-PEFF problem using ANNs-RBAF-PSO solver.
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bgðjÞðhÞ¼ Xn
m1kF

ðjÞðm2khþm3kÞ (10)

k¼1

The form of targeted weights used in the current research is

W ¼ [m1, m2, m3] while FðxÞ ¼ 1=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ x2

p
is the radial basis
Fig. 6. Weights calculated in second scenario of MH
activation function used in ANNs-RBAF-PSO solver. So, the trans-
formed formof Eq. (9) along the involved highest order derivative is:

bgðhÞ¼ Xn m1kffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiq (11)

k¼1 1þ ðm2khþm3kÞ2
D-PEFF problem using ANNs-RBAF-PSO solver.



Algorithm 1
Pseudocode constructed through ANNs-RBAF-PSO solver for MHD-PEFF problem
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c000
Xn 6 3 B 9ðm2khþm3kÞ
Global search stage
PSO (Start*)
Initialization: Adjustment through parameters of PSO as well as
optimization after the formation of randomly generated swarm.
Termination: Process stops if anyone given below achieved.

� Swarmsize4200
� Other settings (default*)

Fitness estimation: Each involved particle in Eqs. (6) and (7) is scrutinized
for fitness check (E0).
Ranking: Rank the minimum fitness level of E0 with each particle.
Stopping criteria: Process stops when the best fitness level is attained and
desired cycles/flights achieved.
Renewal: Alteration in position/velocity through Eqs. (16) and (17).
Upgrade: Adjustments in fitness for gaining all flights.
Storage: Store best-calculated global values as well as fitness.

PSO(End*)
Local search stage
Hybrid PSO-SQP(Start*)
Inputs: PSO best outcomes.
Output: Best trained weights i.e. WB-PSOSQP.
Initialize: Utilize the Global Solver best values as a “start point”.
Termination: Process stops if anyone is attained.

� “MaxFun4100000”, “TolCon41 � 10�15”,
“MaxIter4700”, “TolX41 � 10�20”

� Other (by default*)
Fitness estimation: Calculate E0 using Eq. (15).
Adjustment: Adjustment via “fmincon” for WB-PSOSQP.
Store: Collection of WB-PSOSQP and E0.

Hybrid PSO-SQP(End*)
g ðhÞ ¼
k¼1

2
4m1km2k

0
@�

1þ ðm2khþm3kÞ2
�5=2 �

15ðm2khþm3kÞ3�
1þ ðm2khþm3kÞ2

�7=2
1CA

375
(12)

Fig. 1(a) shows the hierarchical structure of the design solver,
which provides a visual representation of its architecture designed
to solve the suggested problem. The ANN-RBAF-PSO solver used to
solve the fluid model of the faceplate consists of three layers: an
input layer, a hidden layer, and an output layer. The input layer
serves to represent the inputs, while the hidden layer contains
activation functions critical for neurons and actions. The output
layer performs the rest of the calculations, representing the final
stage of the solver's structure diagram.

The fitness function formulation for nonlinear ODE with asso-
ciated boundary equations is presented in Eqs. (6) and (7) is:

E11 ¼
1
r

Xr
s¼1

�
acg000

sðhÞ � abðcg00
sðhÞÞ2cg000

sðhÞ � ð bg0 sðhÞÞ2þ
bgsðhÞcg00

sðhÞ �M bg0 sðhÞ�2
(13)

E22 ¼
1
3

h
ðbg1Þ2 þðbg1 0 � 1Þ2 þ bg0q2i (14)

E0 ¼ E11 þ E22 (15)

For optimization, the fitness function E0 should approach nearly
equal zero.

The training of weights involved in Eqs. (6) and (7) are per-
formed using the amalgam of PSO with SQP. The details of this
learning process are presented as:
Fig. 7. Weights calculated in the third scenario of the
(1) Particle swarm optimization (PSO)

The swarm intelligence-based algorithms are called PSO algo-
rithms which were introduced by Eberhart and Kennedy [59],
Ahmad et al. [60], and Rangasamy et al. [61]. The “fish schooling” as
well as the “bird flocking” are those models that are behind the
MHD-PEFF problem using ANNs-RBAF-PSO solver.
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development of this global searching method through inspiration
based on social behavior. The algorithms based on PSO are con-
structed through a class of particles called “swarm” where the ve-
locity and position are represented by V and S respectively and are
modified on this basis of QLB

p�1 which is the previous best “local

position” of all actively involved particles QLB
p�1 in a swarm. The

formulation of V and S are:

Vn
p ¼uVn

p�1 þd1R1
�
QLB
p�1 � Xn

q�1

�
þ d2R2

�
QGB
p�1 � Xn

p�1

�
(16)

Xn
p ¼Xn

p�1 þ Vn
p (17)
Fig. 8. Numerical values of ĝ’(h) calculated i
Here Vn represents the “nth particle” velocity and Xn is its
vectorial form in a swarm. The maximum velocity is represented
by Vmax while Vp2½ � Vmax;Vmax�, d1 and d2 are expressed global
local form constants for acceleration, R1 and R2 represent vectors
having elements distribution in “0 to 1” while u representing
inertia weight with a tendency to depreciate linearly. Some
recent PSO-based applications are the solution of biological
nonlinear Leptospirosis systems [62,63], autoregressive systems
[64], and parameter estimation of the harmonics in electrical
systems [65].

(2) Sequential quadratic programming (SQP)

The hybridization of PSOwith some local search solver enhances
its tendency to gain a rapid convergence in case of nonlinear ODEs
and for this purpose, SQP is used in the current research. SQP is an
n 1e3 scenarios of MHD-PEFF problem.
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efficient local solver introduced in the '90s [66] and is known as a
“nonlinear programming technique”. Some purposeful applications
based on SQP are analysis of the tuberculosis model [67], Casson
nanofluidic model [68], analysis of MHD nanofluid boundary layer
flow system [69], electro-magnetohydrodynamic effects on
DarrcyeForchheimer viscous fluid flow model [70]. Algorithm 1 is
the presentation of the pseudocode of the ANNs-RBAF-PSO algo-
rithm while Fig. 1(b) represents its flowchart.

(3) Performance metric

The efficacy of the proposed ANNs-RBAF-PSO solver is scruti-
nized using various statistical performance-based operators having
formulations as:
Fig. 9. AEs in ĝ’(h) using ANNs-RBAF-PSO solve
RMSEĝ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
k
Pk �bgl � gref :l

�2s
;

l¼1

NSEĝ ¼ 1�

Pk
l¼1

�bgl � gref :l
�2

Pk
l¼1

�bgl � gq
�2 ;

VAFĝ ¼
0@1�

var
�
gref :l � bgl�
varðglÞ

1A� 100

(18)

RMSE means root mean square error), VAF is variance accounted
for, NSE is nash-sutcliffe-efficiency.
r in scenarios 1e3 of MHD-PEFF problem.
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Rĝ
2¼ SSreg:ĝ

SStotal:ĝ
;

E�VAFĝ¼100�VAFĝ;

E�Rĝ
2¼1�Rĝ

2;

E�NSEĝ¼1�NSEĝ ;

MAEĝ¼
Xk
l¼1

			bgl�gref :l
			;

(19)

TICĝ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
k

Pk
l¼1

�bgl � gref :l
�2s

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
k

Pk
l¼1

bgl2
s

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
k

Pk
l¼1

g2ref :l

s

MAE is mean-absolute-error and TIC is Theil's-inequality-
coefficient.
Fig. 10. RMSE and E-VAF analyses in all th
The effectiveness of the designed ANNs-RBAF-PSO solver is
guaranteed if the obtained results using these operators are very
close to zero.
4. Results and Discussion

The newly designed ANNs-RBAF-PSO solver is used to analyze
MHD-PEFF model along a stretching sheet with an amalgam of
PSO-SQP solver on the interval [0,10]. The current problem is solved
for three scenarios which are constructed using physical parame-
ters that exist in MHD-PEFF problem and the values assigned are
presented in Table 1.

The weights attached with the assumed numerical solution of
MHD-PEFF problem are trained through the designed algorithm
and the learning curves obtained during this process of obtaining
ree scenarios of MHD-PEFF problem.
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the best weights in first case of all scenarios are depicted in
Figs. 2e4.

It indicates that the accuracy of the ANNs-RBAF-PSO solver
uplifts through the hybridization of PSO with SQP also the best-
obtained weights in all three scenarios are illustrated in Figs. 5e7.
The substitution of these weights in Eq. (6) gives the required nu-
merical outcomes of MHD-PEFF problem using ANNs-RBAF-PSO
solver. The numerical values obtained for velocity ĝ՛(h) in all
three scenarios using the suggested solver are presented through
graphs in Figs. 8e10 and successfully match with the reference
solutionwhich proves that the designed scheme is suitable to solve
MHD-PEFF problem. Fig. 8(a) represents the effect of
PrandtleEyring fluid parameter a on ĝ՛(h). A larger value of a in the
PrandtleEyring fluid model induces a stronger shear-thinning
behavior and lowers the viscosity at higher shear rates. This
reduced resistance to flow near surfaces leads to increased fluid
Fig. 11. Analyses of randomly taken scenarios for th
velocity, especially in boundary layers or near obstacles. Higher
values of a promote better shear thinning and reduced flow resis-
tance, which ultimately increases the fluid velocity in
PrandtleEyring fluids.

Fig. 8(b) displays the impact of fluid parameter b on ĝ՛(h). The
expanded value of b mitigates the momentum diffusivity. This
reduction in momentum diffusivity means a reduction in the fluid's
ability to transfer momentum through flow. Consequently, the fluid
experiences greater resistance to flow and exhibits a lower velocity
as b increases. The relationship between b and momentum diffu-
sivity highlights how changes in fluid viscosity affect the overall
flow dynamics, with higher values of beta leading to reduced mo-
mentum transfer and reduced fluid velocity. Fig. 8(c) depicts the
consequences of Hartmann number M on ĝ՛(h). As the value of M
increases in MHD flow, stronger electromagnetic forces relative to
viscous forces dampen the fluid motion. This damping effect is
e MHD-PEFF problem using multiple operators.



Table 2
AEs in ĝ’(h) using S-(IeIV) of MHD-PEFF problem

Н C-1 C-2 C-3 C-4

Scenario 1 (S-1)
0 1.295473 � 10�4 4.085982 � 10�2 3.538054 � 10�2 1.462229 � 10�4

1 6.691958 � 10�5 2.427739 � 10�2 2.234821 � 10�2 3.572841 � 10�5

2 3.036911 � 10�4 1.407190 � 10�2 1.312198 � 10�2 3.486039 � 10�5

3 5.876590 � 10�4 8.550118 � 10�3 7.479969 � 10�3 3.369687 � 10�4

4 4.657344 � 10�4 5.409650 � 10�3 4.023716 � 10�3 7.598405 � 10�4

5 3.520841 � 10�4 3.256564 � 10�3 1.439186 � 10�3 8.300386 � 10�4

6 7.599237 � 10�4 1.570647 � 10�3 1.804827 � 10�3 4.719398 � 10�4

7 1.242663 � 10�3 7.922307 � 10�4 3.247671 � 10�3 4.002825 � 10�4

8 1.481238 � 10�3 1.142384 � 10�3 4.985832 � 10�3 1.088453 � 10�3

9 1.446536 � 10�3 1.642584 � 10�3 6.775412 � 10�3 1.727119 � 10�3

10 1.419959 � 10�3 2.231675 � 10�3 8.622495 � 10�3 2.388700 � 10�3

S-2
0 2.091172 � 10�4 1.397515 � 10�4 2.441759 � 10�4 4.140514 � 10�4

1 1.140777 � 10�4 7.312554 � 10�5 1.002479 � 10�4 1.496674 � 10�4

2 3.021438 � 10�4 1.832362 � 10�4 2.604078 � 10�4 3.888882 � 10�4

3 7.848486 � 10�4 4.981307 � 10�4 6.074068 � 10�4 8.280860 � 10�4

4 1.416942 � 10�3 8.113254 � 10�4 5.206920 � 10�4 5.907156 � 10�4

5 1.659139 � 10�3 6.997001 � 10�4 4.536656 � 10�4 2.058870 � 10�4

6 1.346699 � 10�3 4.017320 � 10�4 8.861588 � 10�4 8.319599 � 10�4

7 6.436929 � 10�4 5.113958 � 10�4 1.403481 � 10�3 1.330550 � 10�3

8 4.517036 � 10�4 9.619619 � 10�4 1.790918 � 10�3 1.707223 � 10�3

9 1.309850 � 10�3 1.358643 � 10�3 2.313795 � 10�3 2.248037 � 10�3

10 2.128928 � 10�3 1.879587 � 10�3 2.935816 � 10�3 2.852100 � 10�3

S-3
0 2.887644 � 10�4 4.108060 � 10�2 5.753886 � 10�5 6.142620 � 10�4

1 1.350743 � 10�4 2.076154 � 10�2 5.923104 � 10�3 1.132700 � 10�2

2 9.326009 � 10�5 8.616046 � 10�3 1.479845 � 10�3 3.502449 � 10�3

3 3.233601 � 10�4 3.610092 � 10�3 4.753209 � 10�4 1.552290 � 10�3

4 3.250364 � 10�4 1.358698 � 10�3 1.780387 � 10�4 7.029578 � 10�4

5 1.516484 � 10�4 4.278096 � 10�4 8.065423 � 10�5 1.328357 � 10�4

6 1.786388 � 10�4 2.410369 � 10�4 1.300656 � 10�4 4.235418 � 10�4

7 3.629637 � 10�4 3.191503 � 10�4 1.015203 � 10�4 6.536452 � 10�4

8 5.952035 � 10�4 4.428220 � 10�4 1.893243 � 10�4 9.035940 � 10�4

9 9.280542 � 10�4 8.614020 � 10�4 4.906781 � 10�4 1.336032 � 10�3

10 1.343286 � 10�3 1.476283 � 10�3 9.806919 � 10�4 1.915607 � 10�3
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caused by the Lorentz force, which acts against the flow of fluid in
the presence of a magnetic field. Consequently, higher values of M
lead to greater resistance to fluid motion and lower fluid velocity.
This decrease in velocity occurs due to the damping effect of elec-
tromagnetic forces that act against the flow of the fluid and restrict
Table 3
Best-obtained iterations in ĝ’(h) using all scenarios of MHD-PEFF model

Operators Numerical value (N. value) It# N. value

Scenario 1 (S-1)
E-R2 6.800929 � 10�4 1 1.751271 � 10�5

RMSE 1.834883 � 10�3 1 2.944428 � 10�4

MAE 1.319998 � 10�3 1 2.510188 � 10�4

E-TIC 2.593840 � 10�3 1 4.163979 � 10�4

E-NSE 6.800929 � 10�4 1 1.751271 � 10�5

E-VAF 3.281289 � 10�6 1 4.784605 � 10�8

S-2
E-R2 3.158780 � 10�4 8 1.518531 � 10�6

RMSE 1.250501 � 10�3 8 8.670341 � 10�5

MAE 9.400085 � 10�4 8 7.439381 � 10�5

E-TIC 1.768369 � 10�3 8 1.226165 � 10�4

E-NSE 3.158780 � 10�4 8 1.518531 � 10�6

E-VAF 1.373876 � 10�6 8 4.005743 � 10�9

S-3
E-R2 2.138225 � 10�4 7 3.747551 � 10�6

RMSE 1.028848 � 10�3 7 1.362066 � 10�4

MAE 6.517399 � 10�4 15 1.133212 � 10�4

E-TIC 1.455004 � 10�3 7 1.926252 � 10�4

E-NSE 2.138225 � 10�4 7 3.747551 � 10�6

E-VAF 1.280200 � 10�6 7 1.153528 � 10�8
its movement. Taken together, the impact of M on fluid velocity
underscores the complex balance between electromagnetic and
viscous forces in magnetohydrodynamic systems.

Moreover, the obtained numerical outcomes are executed to
calculate absolute errors (AEs) and Fig. 9 illustrates the AEs
It# N. value It# N. value It#

1 2.092012 � 10�4 20 1.274762 � 10�5 19
1 1.017669 � 10�3 20 2.512111 � 10�4 19
1 8.100934 � 10�4 20 2.010310 � 10�4 19
1 1.439053 � 10�3 20 3.552659 � 10�4 19
1 2.092012 � 10�4 20 1.274762 � 10�5 19

20 7.663848 � 10�7 17 4.584097 � 10�8 19

8 1.046678 � 10�5 10 1.759751 � 10�6 8
8 2.276307 � 10�4 10 9.333615 � 10�5 8
8 1.861605 � 10�4 10 8.377114 � 10�5 7
8 3.218750 � 10�4 10 1.319959 � 10�4 8
8 1.046678 � 10�5 10 1.759751 � 10�6 8
8 3.466320 � 10�8 16 3.421948 � 10�9 8

4 1.431722 � 10�4 3 1.315223 � 10�6 7
4 8.414618 � 10�4 3 8.065006 � 10�5 7

13 6.819491 � 10�4 16 6.642514 � 10�5 9
4 5.053357 � 10�4 3 4.844672 � 10�5 7
4 1.431722 � 10�4 3 1.315223 � 10�6 7

14 6.984414 � 10�7 13 6.013216 � 10�9 10



Fig. 12. Fitness in terms of area calculated in all three scenarios of MHD-PEFF problem.
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graphs acquired in scenarios 1e3 of the proposed problem and
depicts that the range of accuracy calculated in the first scenario
lies in a range from 10�3 to 10�7 (up to 6 decimal places), for the
second scenario this range is from 10�3 to 10�8 and in the third
scenario this range lies from 100 to 10�10. The achieved excep-
tional accuracy with AEs calculated to nine decimal places
highlights the robustness of our methodology. These findings
confirm the effectiveness of our technique in accurately
capturing complex fluid flow dynamics. Furthermore, the
remarkable accuracy achieved underlines the suitability of our
methodology for various computational fluid dynamics
applications.
Fig. 13. Fitness in terms of boxplot analysis in
The stability and efficiency of the designed ANNs-RBAF-PSO
solver are comprehensively determined through various conver-
gence and fitness analyses using some well-known statistical
operators. Fig. 10 represents RMSE and E-VAF analyses in all three
scenarios of the MHD-PEFF problem and respectively lie in a
range up to 10�5 and 10�10. Fig. 11 illustrates E-TIC, E-NSE, and
MAE in randomly selected scenarios and lies in a range up to
10�5. The obtained results confirm that the designed solver can
handle stiff nonlinear problems like the MHD-PEFF model quite
effectively. Achieving accuracy to nine decimal places across
various performance operators underscores its expertise in
capturing complex fluid dynamics phenomena. The consistent
all three scenarios of MHD-PEFF model.



Fig. 14. Fitness in terms of CDF analysis in second scenarios of MHD-PEFF problem.
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stability and reliability demonstrated by our solver highlight its
effectiveness in providing accurate solutions for the suggested
problem. These findings confirm that the design solver is an
excellent choice. The best values calculated through various
Fig. 15. Fitness in terms of histogram analysis
statistical operators along the obtained iteration number (It #) are
depicted in Tables 2 and 3.

The fitness of the proposed ANNs-RBAF-PSO solver is scrutinized
in terms of area, CDF (cumulative distributive function), Boxplot, and
in second scenario of MHD-PEFF problem.



Fig. 16. Convergence analysis in terms of fitness in all three scenarios of MHD-PEFF problem.
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Histogram analyses. Fig. 12 represents fitness in terms of area for all
scenarios of the MHD-PEFF problem lie a range of accuracy up to
10�9. Fig. 13 illustrates the boxplot analysis and range of accuracy for
first, second and third scenarios is 10�2 �10�8, 10�4 �10�7, and 10�2

�10�7 respectively. Such high accuracy indicates that the solver
effectively minimizes errors and ensures that the predicted velocity
profiles closely match the actual behavior of the fluid flow and also
demonstrates the solver's effectiveness in minimizing deviations
from actual fluid behavior, providing confidence in model pre-
dictions and ensuring reliable analysis of fluid flow under varying
magnetic and fluid parameters. Fig. 14 shows the CDF analysis for
fitness evaluation of the designed solver in all cases of the second
scenario and the achieved precision consistently falls within a con-
tinuum of 10�3 �10�5. Fig. 15 depicts an analysis in terms of histo-
grams in cases 1e4 of the second scenario and the accuracy range is
10�3 �10�4. This level of accuracy reflects the solver's effectiveness
in capturing subtle changes in fluid flow, ensuring that numerical
solutions closely match the expected physical phenomena. In the
context of a PEFF model using ANN's-RBAF-PSO technique, these
histogram results highlight the robust performance of the solver. The
hybridization of PSO and SQP allows the solver to efficiently handle
the complexities of nonlinear fluid dynamics problems. Histogram
analysis supports the conclusion that the solver provides a consistent
and accurate representation of fluid flow, which is crucial for ap-
plications where accuracy is critical. Fig. 16 shows the convergence
analysis for the fitness obtained in all three scenarios of the MHD-
PEFF problem and indicates that almost 60% of runs attain a stiff
criterion of accuracy up to 10�6 (5 decimal places).

This comprehensive fitness analysis strongly recommends the
newly designed ANNs-RBAF-PSO solver is suitable for the dynam-
ical analysis of the MHD-PEFF problem.
5. Conclusions

A newly designed ANNs-RBAF-PSO solver is constructed to
analyze the MHD-PEFF model along a stretched sheet. The velocity
profile ĝ՛(h) is computed by varying three existing parameters in
the suggested problem. The calculated AEs obtained an accuracy of
up to 9 decimal places which is a manifestation of highly accurate
numerical outcomes. The accuracy of ANNs-RBAF-PSO solver is
obtained in terms of various statistical operators which lies in a
range of 4 4 9 decimal places which clearly shows the stability of
the designed scheme. The principal outcome is Velocity ĝ՛(h) es-
calates with a larger value of the PrandtleEyring fluid parameter a
as a higher value of a reduces the fluid viscosity. An uplift in the
value of Hartmann numberM diminishes the fluid velocity ĝ՛(h) as a
boost inM generates a larger amount of Lorentz force. A coincident
impact of b and M is observed on ĝ՛(h).

The ANNs-RBAF-PSO solver demonstrates the potential to pro-
vide excellent accuracy in the analysis of challenging fluid
dynamics scenarios with complex nonlinear behavior and provides
a compelling alternativemethod for future investigations. Its ability
to handle complex fluid problems with high-order nonlinearities
opens avenues for investigating a wide range of phenomena and
offers researchers a robust tool to deepen their understanding of
fluid dynamics and its applications in various fields [71e78].
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Nomenclature

A, C fluid parameters
B magnetic field strength
M Hartmann number
U(x) stretching velocity
u1, u2 components of velocity, m$se1

ng kinematic viscosity, m2$se1

a, b material parameters
h dimensionless variable
mg dynamic viscosity, kg$me1$se1

rg fluid density, kg$me3

sg electrical conductivity, S$me1

a velocity coefficient, se1
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