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The non-Newtonian fluids are used in several operations, including the transportation of crude oil, drilling fluids,
and hydraulic fracturing fluids. These fluids’ flow characteristics can be described by the Carreau model, which
helps with the planning and improvement of manufacturing and transportation procedures. Owing to such
motivation we have considered the Carreau fluid flow subject to a magnetized flat surface with porosity, heat
generation, temperature slip, chemical reaction, and velocity slip effects. The problem is formulated as coupled
differential equations. For solution purposes, the order of equations is reduced by performing Lie symmetry
analysis. The compact equations are further solved by the shooting method. The evaluation of the mass transfer
coefficient for the Carreau fluid model is done by using an Artificial Intelligence based neural model. The
Schmidt number, porosity, magnetic, Weissenberg number, and chemical reaction parameters are treated as
inputs while the mass transfer rate is taken as output. Owing to 10 neurons in the hidden layer, the network is
trained by the Levenberg-Marquardt algorithm. It is found that the mass transfer rate exhibits a direct relation
with the Schmidt number and chemical reaction parameter. The magnitude of the Carreau concentration is
perceived to be higher for non-porous surfaces when the chemical reaction parameter and Schmidt number

exhibit positive change.

1. Introduction

For zero shear rate, the smooth transition subject to constant vis-
cosity is observed for the Carreau fluid model in comparison with power
law fluid when the power law index is less than unity. Owing to such
properties researchers considered Carreau fluid flow in various config-
urations like the falling trends of particles in spherical shapes through a
Carreau fluid was predicted by Macha et al. [1]. The applicability of this
approach was demonstrated by constructing a comparison of falling
velocity through experimental data recorded for the fall of lead balls,
steel, and glass, in polymer solutions with varying shear-thinning and
elasticity measures. Khellaf and Lauriat [2] investigated centrifugally
driven convective flow in a vertical annulus having a revolving heated
cylinder. The outer cylinder was cold, and the endplates were believed
to be adiabatic. The Carreau-shifted constitutive equation was used to
represent shear thinning viscosity. Computations were carried out for
various flow parameters. The findings reveal that the shear thinning
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effect reduces friction at the spinning cylinder while increasing heat
transmission across the gap. It was also demonstrated that a decrease in
apparent viscosity can result in oscillatory flows. Macha et al. [3]
examined the free fall of prisms and short cylinders in polymer solutions
by means of the Carreau fluid model. The effect of particle form and
liquid rheological behavior on particle terminal velocity was investi-
gated. The terminal falling velocity was explored in this study. The
suggested procedure’s usefulness was demonstrated by excellent
agreement for experimental and estimated terminal falling velocity
data. Hsu et al. [4] investigated the Carreau model and the impact of
important factors such as double-layer thickness, particle and cavity
relative sizes, and particle location. Several intriguing occurrences were
discovered. Like a northward oriented electric field, a particle’s mobility
owns a local maximum when it is in the middle of an enclosure. When
gets close to the north pole of a hollow, its mobility displays a local
minimum as its location changes. For the south pole, it travels opposite
to the field. Near the north pole, the vortices (both clock and
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counter-clock-wise) were formed. Lee et al. [5] explored the border
impact on electrophoresis. With a weak electric field and lower surface
potential, the examined electrophoresis for particles of spherical shape.
The Carreau model, which was widely used to describe shear-thinning
polymeric fluids, was employed to mimic the fluid’s non-Newtonian
behavior. They demonstrate that, in general, shear thinning increases
a particle’s electrophoretic mobility. The greater the significance of this
impact, the thinner the double layer, and, because the presence of the
planar surface enhanced the shear-thinning effect, the closer a particle
was to the flat surface, the greater its mobility. Between the gap of
surface and particles, viscosity and shear rate change, with the particle
surface having the highest shear rate and lowest viscosity. In the Carreau
flow field, the approach for estimating the falling terminal velocity of
particles was proposed by Siska et al. [6]. The approach was based on a
modification of a previously discovered equation for the fall of particles
that included the particle dynamic shape component. The suggested
procedure’s appropriateness was proven by an excellent match with the
experiment. The velocity of both prisms and cylinders rooted in polymer
solutions was evaluated in the experiments. Hsu et al. [7] explored the
edge influence on particle mobility in a Carreau fluid. The implications
of the system’s essential characteristics on the drag coefficient and the
accompanying flow field were explored for the power-law index, Car-
reau fluid’s relaxation time constant, and particle length. They demon-
strate that the boundary effect has a greater impact and drag coefficient
than particle size and fluid characteristics. Ali and Hayat [8] proposed
an analytical solution for the Carreau flow in an asymmetric channel
with sinusoidal wall changes. To tackle the flow problem, a long
wavelength approximation was used. The perturbation approach was
used with a small Weissenberg number. The key topics covered were
pumping, axial pressure gradients, and trapping aspects. The findings
for the Carreau and Newtonian fluids were compared. Hsu et al. [9]
studied the drag on the particle with spherical shape in Carreau fluid
theoretically, using a free surface cell model for the Carreau number,
Reynolds number, the power-law index, and the void fraction in the
range. The effects of particle concentration, Carreau fluid type, and Re
on drag coefficient were investigated. They demonstrate that the drag
coefficient (dc) shows decline values for lower particle concentration
and that the shear-thinning characteristic of the fluid enhances flow
field reversal in the rear area of a sphere. An empirical relationship was
developed that links the dc with the vacancy %, the composition of the
Carreau fluid, and the Reynolds number. Shamekhi and Sadeghy [10]
investigated numerically the lid-driven Carreau-Yasuda cavity flow.
They merged the PIM mesh-free approach with the characteristic-based
split-scheme. The flow profiles were reported at Re=1000. For Newto-
nian cases, the findings from our PIM-CBS-A technique correspond well
with benchmark results that exist in the literature. Their numerical
outcomes were also compatible with existing studies obtained using
LSM, with the added benefit that PIM requires fewer "points" to reach the
same level of precision. The Carreau-Yasuda model results show a
considerable influence on a fluid’s shear-thinning behavior. Hayat et al.
[11] studied Carreau flow in a channel with a magnetic field and varied
wave patterns. An induced magnetic field was used to conduct the flow
analysis. The long wavelength method was used. They created mathe-
matical formulas for the stream function and magnetic force. The phe-
nomena of pressure increase and pumping were highlighted. De et al.
[12] provided a novel version of the mathematical equation to study the
lubricants with rheological behavior that follows the Carreau fluid
model. The flow rate and shear stress findings obtained using a novel
Reynolds-Carreau equation were exhibited and compared to those pro-
duced by previous studies. An advancement in the examination of the
Carreau fluid model can be accessed in Refs. [13,14].

The study of the interaction between conducting fluids and electro-
magnetic events is known as magnetohydrodynamics, or MHD. The
MHD flow is significant in many engineering and technological fields,
including MHD flow meters, MHD pumps, and MHD power generation.
Therefore, various studies were reported by considering MHD aspects in
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flow field like Ishak et al. [15] took into consideration MHD viscous flow
over a surface. The flow equations were solved by finite difference
scheme. They examined the flow characteristics for various values of the
controlling parameters. Along with the velocity and temperature pro-
files, numerical data were obtained for surfaces quantities. Turkyilma-
zoglu [16] demonstrated the continuous MHD flow on rotating disk. The
Joule heating and viscous dissipation factors are taken into consider-
ation. The effects of a rotation parameter were investigated using an
extremely precise spectral numerical integration approach. Uddin et al.
[17] offered the study on mass transfer for magnetized flow along
porous surface. They assumed that the fluid was dense and incom-
pressible, and they applied a homogeneous magnetic field normal to the
flow. The reduced equations were then numerically solved using the
Runge-Kutta sixth-order integration method in conjunction with the
Nachtsheim-Swigert shot iteration technique. For varying values of the
parameters, the behavior of flow field was examined. The findings were
graphically shown and then examined.

According to Srikanth et al. [18], metal particle breakdown is a
natural event, as is the chemical reaction of the metal particle with the
solvent. Nevertheless, the fluid flow and viscosity are impacted by this
breakdown. The nanofluid viscosity impact was addressed by the addi-
tion of the chemical reaction rate parameter in the formulation of vis-
cosity provided. They noticed that a higher volume proportion of the
solid resulted in more heat transmission. The breakdown of the metal
particles reduced the heat transfer. Abbas et al. [19] offered chemically
reactive flow field for Casson fluid with various physical effects. The
solution was obtained by using bivariate spectral collocation approach.
Following that, a graphic discussion was presented for flow factors,
including temperature, concentration fields, and velocity. The Prandtl
fluid on Riga surface with convective conditions and chemical reactions
was carried out by Kumar et al. [20]. The RKF four-fifth approach was
utilized to numerically solve the set of boundary layer equations that
were converted. The obtained numerical results for the features of mass
transfer and flow were analyzed for different physical parameters. For
larger Schmidt numbers and chemical reaction parameters, the solutal
boundary layer was noticed low. Krishna et al. [21] examined the
chemical reaction aspects in Walter-B fluid near an oscillating porous
plate with simultaneous heat and mass transfer. For small elastic
parameter, the equations were solved by perturbation approach. With
the aid of graphs, the formulas for the temperature, concentration, and
velocity were obtained analytically. The behavior of the flow was also
computationally examined in relation to various fluid parameters. The
recent attempts in this direction can access in Refs. [22,23].

It is consensus among researchers that the Carreau fluid model is
used to describe the rheological properties of non-Newtonian fluids. The
model takes into account the shear rate dependence of the fluid’s vis-
cosity and can be used to describe a wide range of complex fluid be-
haviors in polymer melts, food processing, cosmetics, personal care
products, the study of blood flow, Paints and coatings to mention just a
few. Therefore owning to such motivation, we have used artificial in-
telligence (AI) to investigate the mass transfer aspects in the Carreau
fluid model. The AI study of Carreau fluid flow with mass transfer at a
flat surface, together with chemical reaction, externally imposed mag-
netic field, velocity slip, heat production, and thermal slip effects is not
done yet. The key novelty of the present problem is itemized as follows:

e Formulation of Carreau fluid flows over a magnetized surface with
pertinent physical effects.

e Lie symmetry procedure for the Carreau fluid flow narrating coupled
differential equations

How one can construct an Artificial Intelligence-based neural

model to forecast the MTC up to a wide range of flow parameters?

e How MTC depends on Schmidt number and chemical reaction
parameter ?

e What are the impacts of Schmidt number on Carreau flow field
subject to a magnetized flat surface?
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Fig. 1a. Geometry of problem.

e What are relations of chemical reaction with Carrea fluid concen-
tration at porous/non-porous surfaces?

2. Flow formulation

The Carreau fluid flow is taken towards a flat surface. The externally
applied magnetic field is considered normal to the flow. The mass and
heat transfer aspects are taken in the presence of the following pertinent
effects namely chemical reaction, thermal slip, velocity slip, and heat
generation. The strength of both concentration and temperature are
supposed higher at flat porous surfaces. The physical sketch of problem
is given in Fig. 1(a). The relation of stress tensor for the Carreau fluid
model is given as:

—_— ~—

T =—pl1 +u@) A (@)

here u(7,.) is given as

A=1

)1+ (7)Y @)

Considering y, = 0, and I'(t)y, < 1, one can obtain

B(7e) = Hoo + (Ho

. 2 % >
+@Or)] " A . ©)
Mathematical formulation subject to Carreau flow field in different
scenario can be assessed in Refs. [24-28]. For the present flow problem,
use of Eq. (3) results the following ultimate reduced equations are:

«—
T =l 4

Equation of continuity:

Uz + 7 =0, 4

Momentum equation

__ __ _ 1113(1 — 1)F(t)2 2 no_ UB()z,

Uly +VUy = Uy + 3 (ty) uﬁfp—Kcu77u, 5)
e Energy equation

Ts + 9Ty = (x / o) Toy + (Q1 / ) (T— Tay), ®)
e Concentration equation

uCs +vC; = D.Ciy — kun(C—Cs,), @
e Boundary conditions [29]

C=C,, T=T,+DT;v=0, u=bx+Lil, aty=0

o o (8)
C—-Cy, u—~0, T-T,, aty—oo.
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It is important to note that p, y, p, v1,6, K, ¢, D¢, (@, V), Tand C rep-
resents the Pressure (N/m?), fluid dynamic viscosity (N-s/m?), fluid
density (kg/m?), kinematic viscosity (m?/s), fluid electrical conductivity
(S/m), thermal conductivity (W/m-K), specific heat at constant pressure
(J/kg-K), mass diffusivity (m?/s), velocities (m/s), temperature (K) and
concentration (mol/L) respectively.

To have dimensionless form we used:

Co y u b
Ew vV bl/1

C-
C,
- \/Ey, ©)
148

with the help of Eq. (9) we get

- T,
= v=
— Ty

ol ~1\

, 0=

U+ vy, =0, (10)
_ 3b(A — 1)Ir*(t) 2 0By*
Utk + Vlly = Uy + = uyy (uy) KU p an
uby + vy, = (x / )0y, + (Q1 / cppb)0, 12)
DC km
u¢x + v¢y = Z¢yy - ?457 (13)

with BCs

/b /b
=1, 6=1+ 7D10yv:0,u:x+ y—Lluy7 fory =0,
1 1

¢$—0, -0, u—0, at y—oo.
14

To get Lie symmetry transformation, we need the stream function
relations for differential equations. Therefore, we own

V= —\IJX7 u= \Py7 (15)
hence:
Yy — ¥y =0, (16)
3r(t)*(4 — 1)b 2
Wy Way — Wy, We = ¥y, + I S Yy, <lIl}’y)
p oBy®
(58 ) @
Wy 0 — Wi Oy = (k / o) Oy + (Qu / G b)0, as)
D, km
\Py ¢x7lyx¢yzz¢yy7?¢7 (19)
with BCs
b b
p=1,0=1+ U—Dley ¥y =x+ D—LI‘I’”, ¥Y.=0, fory=0,
1 1
¢—0, ¥,—0, 60, when y—oo.
(20)

3. Lie symmetry analysis

For a better description of the Carreau flow field, we constructed the
scaling group of transformation rather than picking a random set of
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Fig. 1b. Flow chart of adopted shooting scheme.

transformations from the literature. For obtaining a set of symmetry
transformations to reduce the order of Carreau flow equations we start

Lo xp=xeh, ¢'=¢ I"=T(t)e ", 0" =0, ¥ =¥, yy =y.

with the following Lie group of transformation [29,30]: 27)
Ly @ ¢" = pefls, T" =T(t)ef’s, " = fe ™4 W = Pels| y; =yel2 x alternatively:
—xet dp _drw do_dv _dy dx 28)
(21) 0 -I(t) 0 ¥ 0 x’
By Eq. (18) we get hence
¢ (Ly+2Ly—2L3) _ __ 5t (3La—Ls)
e T2 (e W, W Wy, ) = € Oy ¢ =cn), T(O) =x o, 0=0:00.), ¥ =xfe(n), no=y, (29
) —1)I'+%b , B2 .
Tt (7L273L372L5)M Wiy Wiy, — € (L2-L3) % + ‘;—b) Py via Eq. (29) we have
C
(22)
e brhartate (Wy, Oy — Wi, Oy, ) = ef P2t (i / o) Oy, 5, + €24 (Q1 / cppb) O, (23)

D k
L oL —. _
et (litla-ls L")(‘I’*yl Py — Py, Py, ) = €22 Lﬁ)y—: Dy y, —€ “f’?mqﬁ*,

(24
invariant condition for Eqs. (22-24) results
3Ly — L3 =Ly +2Ly —2L3 =Ly — L3y = 7Ly — 3L3 — 2Ls,
2Ly — Ly =Ly + Ly — Ly — Ly = —Lay,
(25)
2Ly —Lg =Ly + Ly — Ly — Lg = —Lg,
L,=0, L = 0.
Solving Eq. (25), we have
Li=1L;,L,=0, Ly =1L, L4 =0, Ls = —L, and L = 0. (26)

Using Eq. (26) we get

Phin) (SN | P, 30 1), Ehln) (@)
dn? 7( dr, ) g T Mgy ( dn? )
Beln) 1)
o M0
(30)
2
To 1 pr( ) o))+ pr..n) 0, 31
d*¢ d
T (£ T ) - serman) = o. (32)
with BCs
2
#0)=1 £ =0, L) 140 U 4y 14 B, o,
&(n)

¢('7c)_)07 a(nc)_)oa —>07 whennc—wo.

c

(33)
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Table 1 Table 4
Effect of Sc on MTC for non-porosity case. Impact of magnetic field parameter on
S MTG Sherwood number for porosity case.
0.2 —0.2272 M MTC
0.3 —0.2703 0.05 —0.2215
0.4 —0.3138 0.10 —0.2209
0.5 —0.3573 0.15 —0.2200
0.6 —0.4006 0.20 —0.2187
0.7 —0.4435 0.25 —0.2170
0.8 —0.4857 0.30 —0.2150
0.9 —0.5272 0.35 —0.2627
1.0 —0.5679 0.40 —0.2618
1.1 ~0.6076 0.45 —0.2608
1.2 —0.6463 0.50 —0.2598
1.3 —0.6840 0.55 —0.2587
1.4 ~0.7207 0.60 —0.2576
15 —0.7564 0.65 —0.2564
1.6 —0.7911 0.67 —0.2559
1.7 ~0.8248 0.70 —0.2551
1.8 —0.8576 0.75 —0.1836
1.9 —0.8895 0.77 —0.2534
2.0 —0.9205 0.80 ~0.2526
0.82 ~0.2521
Table 2
Impact of Sc on MTC for porosity case. Table 5
S MTC Impact of .chemical reaction on MTC for
non-porosity case.
0.2 —0.2136
0.3 ~0.2504 Rm MTC
0.4 —0.2880 0.1 ~0.2358
0.5 —0.3262 0.2 —0.2789
0.6 —0.3649 0.3 -0.3174
0.7 —0.4038 0.4 ~0.3521
0.8 —0.4429 0.5 —0.3838
0.9 —0.4819 0.6 —0.4132
1.0 —0.5207 0.7 —0.4406
1.1 —0.5591 0.8 —0.4664
1.2 -0.5971 0.9 —0.4908
1.3 —0.6345 1.0 ~0.5139
1.4 —0.6713 1.1 ~0.5360
1.5 —0.7074 1.2 —0.5572
1.6 —0.7426 1.3 ~0.5775
1.7 -0.7771 1.4 ~0.5970
1.8 —0.8108 1.5 —0.6160
1.9 —0.8437 1.6 —0.6343
2.0 —0.8757 1.7 ~0.6520
1.8 —0.6693
1.9 —0.6861
Table 3
Effect of magnetic field parameter on MTC
for non-porosity case. Table 6
M, MTC Impact of chemical reaction on MTC for
porosity case.
0.05 -0.2717
0.10 ~0.2358 Rm MTC
0.15 —0.2348 0.1 ~0.2209
0.20 -0.2336 02 —0.2666
0.25 —0.2697 03 0.3068
0.30 —0.2689 0.4 —0.3429
0.35 —0.2274 05 _0.3758
0.40 —0.2246 06 0.4061
0.45 —0.2215 0.7 —0.4342
0.50 —0.2179 08 —0.4605
0.55 -0.2141 0.9 —0.4854
0.60 ~0.2618 1.0 0.5089
0.65 —0.2604 1.1 ~0.5313
0.70 ~0.2590 12 _0.5528
0.75 ~0.2575 13 _0.5733
0.80 —0.2561 1.4 ~0.5931
0.82 —0.2555 1.5 ~0.6123
0.85 ~0.1860 16 0.6308
0.90 —0.2531 17 06487
1.8 —0.6661
1.9 —0.6830




K.U. Rehman et al.

Table 7
Impact of Weissenberg number on MTC for
porosity case.

W, MTC

0.05 —~1.1310
0.10 -1.1314
0.15 —-1.1317
0.20 —~1.1929
0.25 -1.1931
0.30 —1.1934
0.35 —1.1936
0.40 —1.1939
0.45 —1.1941
0.50 —1.1943
0.55 —~1.1945
0.60 —1.1349
0.65 —1.1353
0.70 —1.1356
0.75 —1.1359
0.80 —1.1363

Table 8

Effect of Weissenberg number on MTC for
non-porosity case.

W, MTC

0.05 —1.1641
0.10 -1.1679
0.15 —-1.1682
0.20 —1.1685
0.25 —1.1688
0.30 —1.2150
0.35 —1.2153
0.40 —1.2154
0.45 —1.2156
0.50 —1.2158
0.55 —1.2160
0.60 —1.2161
0.65 —1.2163
0.70 —1.2165
0.75 —1.2167
0.80 —1.2168

For Carreau fluid flow field, the ShD expression is:

Xqm =
ShD = ———— ¢, = —D.C;,
Dc(Cw - Coo) q 7
and ultimate form is
Sc
(Schmidt number)
M

¢

(Magnetic field parameter)

W,

¢

(Weissenberg number)

E
(Porosity parameter)

Rm
(Chemical reaction parameter)

(34)
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Fig. 2. Results of performance for the ANN model.

ShD  d¢.(0)
VRe di, ¢
The flow parameters are
oB? ue Q 2
M.=/—-W,=bl, Pr=-2 = — Pe=.—-,
\ o We=bTo Pr=205Q = 0% BK.
(36)

b b 12} ky
=/—L =/—D1, Sc ==~ Rm=-1.
a " 1, Qc . 1, oC D, m b

We are interested in examining the mass transfer aspects which
include concentration profile and Sherwood number at the porous sur-
face when chemical reaction effects are considered in the concentration
equation while heat generation and thermal slip effects are taken by
means of energy equation for magnetized Carreau flow field.

For the solution purpose of flow equations, we used the Lie symmetry
approach to construct the self-transformation rather than to use from
available literature. The constructed transformations are used for order
reduction of flow equations. Various techniques [31-34] exist to find the
solution of fluid problems but in our problem, the shooting method [35,
36] is used for the solution of reduced equations. Shooting method is

Fig. 1c. The neural network structure used to forecast MTC.
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used to solve reduced system of first order differential.

The Runge-Kutta scheme is conjectured using Newtons Raphson
method to find the numerical solution and the self-coding is carried in
MATLAB-R2019a. The flow chart of shooting scheme is given in Fig. 1
(b). It is important to note that for all simulations CPU time ranges from
4t08s.

4. Neural networking analysis

The Carreau fluid flow is mathematically formulated. With the
assistance of Lie symmetry analysis, shooting method, and artificial in-
telligence, the solution is given. In detail, the mathematical formulation
results in Schmidt number, velocity slip, Prandtl number, temperature
slip, porosity, heat generation, magnetic field, chemical reaction pa-
rameters, and Weissenberg number. Our interest is to inspect the mass
transfer features by using artificial intelligence for Carreau fluid flow

International Journal of Thermofluids 26 (2025) 101069

ol A Targeted ShD
4 Predicted ShD

110 115

Sherwood number

135 140 145

0 50 100
Data number

Fig. 5. A comparison plot for MTC values.

when heat transfer effects are present. The concentration equation holds
Schmidt number and chemical reaction effects. The equation includes
the momentum aspects as well therefore we own magnetic field
parameter and porosity effects along Sc and reaction parameter to
evaluate the Sherwood number and concentration profile. The shooting
method is used to report the numerical data for MTC, see Tables 1-6. In
detail, Table 1 gives the impact of Sc on Sherwood number at a non-
porous surface. We witnessed that for higher values of Sc, the Sher-
wood number increased significantly.

The impact of Sc on Sherwood number for the case of the porous
surface is noticed and shared by means of Table 2. It is seen that the
Sherwood number shows inciting values for higher values of Sc number.
The magnitude of the Sherwood number is greater for the Carreau fluid
when the porosity effect is absent. For non-porous case, Table 3 dem-
onstrates how M, impacts ShD. We revealed that raising the magnetic
field parameter reduces ShD. Important to note that the variation in ShD
towards magnetic parameter shows a decline with a reversing trend like
upto M, = 0.2, it shows decline values and for M, = 0.25 it jumps again
to a higher value and later starts decreasing. Table 4 gives the impact of
magnetic parameter on ShD for a porous case.

For increasing magnetic parameter, the ShD produces lower values
with the same trend as in the case of the absence of porosity. Table 5
shows the influence of Rm on ShD in the absence of porosity. We can see
that when the Rm grows, so do the ShD values. For the porosity case,
Table 6 shows the variation in ShD towards larger Rm values. ShD is
shown to grow when Rm increases. We observed that in the absence of
porosity impact, the ShD seems to be somewhat stronger. Table 7 offers
the Weissenberg number impact on MTC for both the porosity case. For
higher values of Weissenberg number, the MTC get increased to value
W, = 0.55and for the increment up-to W, = 0.8, it shows opposite trend.
Table 8 depicts the Weissenberg number impact on MTC for the non
porosity case. We have observed that the MTC is increasing function of
Weissenberg number. For non-porosity assumption, the MTC holds
higher magnitude as compared to porous surface.

The neural networking modeling are used to make prediction and
decisions in various fields. Particularly in the field of fluid science the
neural networking models [37-41] can be used for prediction of flow
field parameters. To anticipate the Sherwood number, we employed five
inputs: the porosity, the Schmidt number, the magnetic field, Weissen-
berg number and the chemical reaction parameter. The first layer in-
cludes these inputs, and intermediate layer comprises 10 neurons. The
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Validation: R=0.99765
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Fig. 6. Regression plot for constructed model.

last layer includes the ShD as an output. This is depicted graphically in
Fig. 1(c). The Sigmoid function is utilized as a transfer function in the
hidden layer, whereas in last layer Purelin function is used. The re-
lationships for functions are:

1
T l4e*’ 37)
purelin(X;) = X..

Fo(Xe)

Both MSE and R are used to measure the performance of constructed
neural networking model. The expression are as follows:

K

1
MSE = o > (Xrg — Xe@)
q=1
K
> (Xrg — Xorg) 38)
R= |1-T
2
> (Xr@)
q=1

The porosity, Schmidt number, magnetic, Weissenberg number, and
chemical reaction parameters are considered as an input to get 164
sample values of Sherwood number. The 164 ShD values are divided
randomly into three models: training, validation, and testing. The 114
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Table 9

Comparative study with Fathizadeh et al. [42].

Flow Variable Fathizadeh et al. [42] Present Study

M. Exact Data Shooting Data
0.0 —1.0000 —1.0000
1.0 —1.41421 —1.4142
5.0 —2.44948 —2.4494
10 —3.31662 —3.3166
50 —7.14142 —7.1414

values, which account for 70 % of the total, are allocated for training,
while the 25 values, which account for 15 % of the total, are marked for
validation and testing. Ten neurons are chosen in the middle layer.
Using the Levenberg-Marquardt approach, the network is trained to
predict ShD. When processing nonlinear systems, the Levenberg-
Marquardt algorithm works well because it has superior anti-
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interference and tracking capabilities than other control strategies.

The results of the ANN development to forecast the ShD are shown in
Figs. 2-6. Fig. 2 depicts the performance of the ANN model in predicting
ShD in greater detail.

A histogram of error values is shown in Fig. 3. Fig. 4 depicts the
discrepancy between predicted and intended ShD values visually. Fig. 5
offers a comparison of predicted and desired ShD values. Figs. 6 and 7
illustrate the regression findings. In detail, Fig. 2 depicts the perfor-
mance plot in predicting ShD. The mean square error for validation,
training, and testing drops to necessary values as the number of epochs
increases. MSE error provided the best estimates for testing and training.
The best validation performance at epoch 48 is 0.0006161. Fig. 3 depicts
the error histogram for the developed ANN for forecasting the Sherwood
number.

One can observe that error values between intended ShD and pre-
dicted ShD is rather low, indicating that the neural model was well
trained. The error value for 164 sample data of Sherwood number is
shown in Fig. 4. One can see that only a few values admit the error of
0.08, 0.06 and —0.04 while all other values hold errors between —0.02
and +0.02. The evaluation plot of predicted and targeted Sherwood
number values is shown in Fig. 5. We noticed that the two values are
fairly similar. As a consequence, when heat transmission, magnetic field,
velocity slip, thermal slip, heat production, and chemical reaction as-
pects are present, the constructed ANN is the best for forecasting the
Sherwood on a flat porous surface. Fig. 6 depicts the regression analysis
based on the constructed ANN to anticipate the Sherwood number. Fig. 6
depicts the regression outcome for training, validation, testing, and all.
According to Fig. 6, the value for training is R = 0.99965, whereas the
values for testing and validation are R = 0.99765 and 0.99768,
respectively. The entire value for training, validation, and testing is R =
0.99905. This means that the intended and expected Sherwood number
values are strongly correlated.

The MSE for training, testing, and validation are respectively
8.98041e-05, 6.16098-04, and 5.43810e-04. According to these statis-
tics, the built neural networking model is the best at predicting Sher-
wood number values for magnetic surfaces. Therefore, the constructed
ANN model is the remedy to offer the solution of the Carreau flow field
up to a wide range of flow parameters. Figs. 7 and 8 show the impact of
the Schmidt number and chemical reaction on the concentration profile
in porous and non-porous situations, respectively. The influence of Sc on
the concentration profile is depicted in Fig. 7 for both assumptions
namely porous and non-porous. We discovered that when Sc increases,
so does the fluid concentration. On both surfaces, the impact is the same.
It is implied that the momentum diffusivity is significantly greater than
the mass diffusivity when the Schmidt number is high. The fluid in this
instance can be characterized as "momentum-dominated." It indicates
that the fluid momentum transfer capacity is far greater than its mass
transport capacity. As a result, in relation to the fluid’s motion, the so-
lute concentration will diffuse more slowly. Lower mass transfer rates
will arise from a thicker concentration boundary layer.

The concentration profile is stronger on non-porous surfaces. Fig. 8
depicts the concentration variation for a chemical reaction parameter.
We determined that concentrations for both surfaces are decreased
about the chemical reaction parameter. It is significant to remember that
different elements, such as reaction kinetics, reaction mechanisms,
transport processes, and boundary conditions, affect how a chemical
reaction specifically affects fluid concentration. The magnitude of con-
centration is larger on non-porous surfaces than on porous surfaces. It
can be noted that if we neglect velocity slip, porosity, mass and heat
transfer aspects, then the present study reduces to the study reported by
Fathizadeh et al. [42]. For comparison purpose, the skin friction coef-
ficient is evaluated for magnetic field parameter. By following Table 9,
we establish an excellent match that yields the validation of present
outcomes.
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5. Conclusion

Artificial intelligence analysis is performed with the assistance of Lie
symmetry to examine the Carreau flow field when mass and heat
transfer aspects are considered. The flow field is manifested with
chemical reaction, thermal slip, heat generation, velocity slip, and
magnetic field. The concentration and mass transfer rate are evaluated
by a constructed neural networking model. The important findings are
as follows:

e The MSE for training, testing, and validation are respectively
8.98041e-05, 6.16098-04, and 5.43810e-04.

e The entire value for validation, training, and testing is R = 0.99905

which reflects the strong correlation of targeted and predicted

values.

The predicted values by the neural networking model show that the

Sherwood number is an increasing function of the chemical reaction

parameter and Schmidt number.

The Carreau concentration profile shows decline trends towards both

the Schmidt number and chemical reaction parameter.

For non-porous surface, the magnitude of Carreau concentration is

noticed higher for positive variation in chemical reaction parameter

and Schmidt number.

The work can be extended to examine the Carreau fluid flow with

mass transfer over curved surfaces. This could provide information

about how these findings might be used in real-world industrial

processes like coating and pipe flows.
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