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Abstract: This study shows the design of the novel hyperbolic tangent sigmoid function for the
numerical treatment of the Williamson nanofluid model (WNM), which is categorized as velocity,
concentration, and temperature. A process of a deep neural network using fifteen and thirty neurons
is presented to solve the model. The hyperbolic tangent sigmoid transfer function is used in the
process of both hidden layers. The optimization is performed through the Bayesian regularization
approach (BRA) to solve the WNM. A targeted dataset through the Adam scheme is achieved that is
further accomplished using the procedure of training, testing, and verification with ratios of 0.15, 0.13,
and 0.72. The correctness of the deep neural network along with the BRA is performed through the
overlapping of the solutions. The small calculated absolute error values also enhance the accurateness
of the designed procedure. Moreover, the statistical observations are authenticated to reduce the
mean square error for the nonlinear WNM.

Keywords: Williamson nanofluid model; layers; fluid dynamics; chemical reactions; numerical
solutions

1. Introduction

Metal oxides or metal generally represent the nanoparticles (NPs), which show an
outstanding constancy in the surface area. NPs represent the competence of the ther-
mophysical phenomenon and heat transport (HT). The form, shape, and different NPs
designate HT effects. There are various applications of non-Newtonian fluid (NNF) that
have been studied in recent years with the impacts of thermal radiation and chemical reac-
tions [1]. The classification of NNF is presented in two steps, dependent and independent
of time. The Williamson nanofluid (WNF) is a well-known form of NNF, which comprises
pseudo-plastic topographies [2,3]. Krishnamurthy et al. [4] proposed the chemical and heat
properties by applying the WNF with a porous medium. Hayat et al. [5] proposed an HT
system with WNF features. Wagqas et al. [6] explored the thermophoresis performance with
Brownian diffusion along with thermal radiation impacts. Bhatti et al. [7] studied radiant
heat conduct by applying NNPs. Goud et al. [8] performed different simulations based
on the radiation of magnetohydrodynamics. Pramod et al. [9] discussed the Soret impacts
with a porous portable plate.

The WNF has a variety of applications such as blood circulation, plasma mechanics,
and ice cream and crude oil processing. WNF conduction represents the pseudoplastic
fluid. The diffusivity ratio and Lewis number have enormous implementations using the
process of HT. Heat transfer along with the effects of the WNF pass over the peristaltic
pumping, and the stretching medium has been examined by Sreenadh et al. [10]. S. Prasad
et al. [11] provided a free WNF convection using the inclined channel with a relevant
pattern of the magnetic field. Ayub et al. [12,13] discussed the heat/mass transport using
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the magnetized orthogonal /inclined magnetic field with the spinning disk. HT impacts and
WNE together with boundary layer construction, were studied by Nadeem et al. [14]. They
proposed that by improving the parametric Williamson form, the amount of skin friction
was reduced. Venkataramanaiah et al. [15] discussed the heat/mass transfer and the MHD
effects using the WNEFE. They proposed that the flux of mass/heat transfer improves to
upgrade the Williamson parameter. The inertial features with the microstructure using the
magnetite ferrofluid of thermal conductivity kind of operative system is studied in Ref. [16].
The transfer of heat in with non-magnetic and magnetic NPs is reported in Ref. [17]. The
morphological nanolayer effects on the hybrid nanofluids’ flow are discussed by Qureshi
et al. [18]. The mono/hybrid nanofluids dynamics, subject to magnetic field, activation
energy, and a binary chemical reaction using the porous surfaces, is presented by Raza
et al. [19]. The heat transfer deterioration of supercritical water flowing in a vertical tube
through the suspension of alumina nanoparticles is discussed by Khan et al. [20]. Coriolis
force effects on the dynamics of an MHD rotating fluid are presented by Lou et al. [21]. The
hyperbolic nanofluid flow of irregular thickness across a slender elastic surface is presented
by Ashraf et al. [22]. The Lorentz and buoyancy forces” importance on bioconvection flow
dynamics is discussed by Ali et al. [23]. Furthermore, a few related studies using the
mass/heat transfer are discussed in Refs. [24-26].

The current study represents the numerical performances of the Williamson nanofluid
model (WNM) using the novel hyperbolic tangent sigmoid function. These investiga-
tions of the WNF model by using the designated stochastic procedure have never been
implemented. In this study, the idea to exploit the hyperbolic tangent sigmoid function is
presented for the first time to solve the WNM. The WNM is classified into two velocities,
concentration and temperature. A targeted dataset through the Adam scheme is achieved
that is further accomplished using the procedure of training, testing, and verification with
ratios 0.15, 0.13, and 0.72. Fifteen and thirty neurons have been used in layer one and
two. Recently, the stochastic process using the neural networks were explored in several
submissions, e.g., the dengue fever model [27], the thermal explosion theory [28], the food
chain model [29], and the HIV model [30]. Some novel topographies of current research are
itemized as:

1. Alearning deep neural network process is presented for the first time for the numerical
solutions of the WNF system.

2. Aprocess of deep neural network using the amounts of fifteen and thirty neurons is

presented for solving the model.

The hyperbolic tangent sigmoid transfer function is used in the hidden layers.

4. A Bayesian regularization for the optimization procedure is presented for solving the
WNF system.

5. A targeted dataset through the Adam scheme is achieved that is further accomplished
based on training, testing, and verification with ratios of 0.15, 0.13, and 0.72.

6. The accuracy of the scheme is pragmatic through the comparison of the solutions,
whereas the negligible absolute error (AE) enhances the correctness of the technique.

w

The fluid model is presented into three classes, dimensionless stream, concentration,
and temperature [31], while the parameter performances for the WNF are given in Table 1.
The mathematical form of the WNF is shown as:
d>f Bf df (df .2 .

(A]W‘I'].)W — %(%+MSIH p) = O,

1820 | fdo 0> dodg _

ﬁWJrf%JrNt(%) + Npi8de o, )

d*¢ | Nt &% dp\ _

W+WW+L3( %) — 0.

The boundary conditions (BCs) of the above model are given as [29-34]:

_1, — it —0(0)), LA _o PO 4 1) _0, and p(1) = 0.

du du
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Table 1. Parameter performances for the WNF.

Parameters

Description

Nt
M
Bi
0
M
Le
Pr
Nb
v

Thermophoresis parameter

Parameter of Brownian motion
Input

Magnetic parameter
Biot number
Inclination angle
Williamson parameter
Lewis number
Prandtl number

The remaining sections are presented as follows. The deep neural network procedure
for the WNF system is shown in Section 2. Detailed results of the model using the stochastic
procedure are presented in Section 3, while the conclusions are reported in Section 4.

2. Methodology

The deep neural networking for solving the fluid model is presented with the necessary

deep neural network process along with the execution performances.

2.1. Deep Neural Network Process

The current section presents the layers structure based on the amounts of fifteen and
thirteen neurons in layers 1 and 2. A transfer hyperbolic tangent sigmoid function is
applied as an activation function to solve the WNF model. A three-layer structure with a
feed-forward neural network is mathematically shown as:

51
52
53

L S30

U
up
us

L U5

[ P11
P12
P13

LP1,30

wW1,1
=A a)1,2

w1,3

o1
1%
P23

12,30

w1
w2
w3

P31
[1%%)
P33

P330

w31
w32
w33

w1,1
w12
w1,3

w1,15

P15, ]
Y152

Y153

15,30

wW30,1
w30,2
w30,3

b1,15

b1
b1
b3

251
Up
Us

U5 |

51
52
53

530

b1
b»
by3

bz 30

b31

+ bg/z

b33

@)

7 (3)

4)

In the above equations, w, ¢ and w represent the first, second, and output layer
weights, respectively; b is neuron bias, u and s are the first- and second-layer outputs,
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f(v), 6(v) and ¢(v) are the obtained outputs, and A is the activation function based on the
hyperbolic tangent sigmoid function, given as:

2 m
= m — 1, where q= Z;(wl‘sl‘) + b, (5)

The numbers of neurons are represented by m. Figure 1 shows the three-step structure,
mathematical system, multi-layer neural network, and achieved performances for solving
the WNF system. A targeted dataset through the Adam scheme is achieved that is further
accomplished using the training, testing, and verification by taking 0.15, 0.13, and 0.72.
Figure 2 shows the neural network multi-layer process for solving the WNF system using
the deep neural network procedure. In this figure, in the hidden layers 1 and 2, fifteen and
twenty neurons have been used, while three outputs have been presented.

Mathematical model

d? \d’ df (d
/‘Ll f S_d(df +Msin’ p |=0,
Nonlinear mathematical model v’ d: dvldv
The nonlinear form of the Williamson )
nanofluid system of heat and mass 1 d*8 dg de d4e d¢
transfer is classified into three forms, f —_ — | +Nb— =0,
which is categorized into the forms of P1 d" dv dv dv
two velocities, concentration, and g
temperature d’ ¢ + &d 6 +Le fd_¢ =0.
dv’  Nb dv’ dv
Neuron Model
Multi layer neural network process
b, T & >7WDT
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Best Training Performance is 3.8997e-07 at epoch 9

Achieved numerical
result performances of
the nonlinear
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system of heat and
mass transfer through
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neural network and the
optimization of
Bayesian
regularization

Figure 1. Proposed mathematical system, multi-layer performances and achieved results for

WNF system.
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Figure 2. Multilayer procedure for solving the WNF using the deep neural network.

Figure 3 shows the deep neural network and hidden layer structure for solving the
WNF system. Figure 3a shows the layer structure based on a single input, hidden layers,
and the hyperbolic tangent sigmoid function with 3 outputs. This figure is performed on
the basis of case 1 of the model, which shows that the maximum 750 Epochs have been
used; time, performance, Mu values, and gradient are also presented. Figure 3b represents
the layers’ structure for solving the WNF nonlinear model. The input, two hidden and
output layers, has been presented in this figure. W shows the weight vectors, b is the bias,
and three outputs have been illustrated.

Neural Network
Hidden 1 Hidden 2 Output
1 3
18 0 3

Algorithms

Data Division: Random (dividerand)

Training: Bayesian Regularization (trainbr)
Performance:  Mean Squared Error  (mse)
Calculations:  MEX

Progress

Epoch: 0 I: 03 iterations 750
Time: [ 0:0005

Performance: 1.08 _ 0.00
Gradient: 328 [ EEe0r | 1.00e-07
Mo 000500 [0 0T ) 1.00e+10
Effective # Param: 603 _ 0.00
Sum Squared Param: 2.43e+03 _ 0.00

(a)

Figure 3. Cont.
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Hidden 1 Hidden 2 Output
Input Output
1 3
15 30 3

Figure 3. Neural network and hidden layers” structure for the WNF system. (a) Neural network
structure for the WNF system. (b) Hidden layer structure.

2.2. Bayesian Regularization (BR)

Bayesian regularization (BR) is considered one of the robust and efficient back-propagation
net procedures, which is used to reduce or eliminate the lengthy process through cross-
validation. BR represents the mathematical performances, which shift a nonlinear regres-
sion process into a unique statistical model based on ridge regression. BR provides the
numerical performances of various modeling, e.g., robustness, model choice, authentication
size, and optimization of net construction.

3. Simulations and Results

The current section shows the detailed results for three cases of the WNF system using
the process of a deep neural network mathematically given as:
Case 1: Consider Pr = 5,M = er =z M= 5,Le =1,Nb= é,Bz = 2,arldNt %,

given as:
(55424441 0
244 L(#) 24108 o ®
£ (7 380
Case2:ConsiderPr=2,M:%,p:%,/\lzé,Lezl,Nb:%,Bz %andNt %
given as:
(%ji{ﬂ)%—%(d—er%sinzg):o,

14%0 do do 1d</>d9 _

242 T2 (@) tf&tsama =0 @)
4 5d% _

SR +38 =0

Case3:Pr=7, M—2, =2 /\1:%,Lezl,Nb:%,Bl:%,andNt—z,glvenas

—x,
(%%—i—l)%—g—v(%—i—%mﬁ%) =0,

128+ 3(B) + 1 +iitk o ®)
4 (r) + 31 =0

The BCs of each case are f(0) =0, A0 1,20 _ —3(1-10(0)), 4 — o, $(0) =
1, (1) =0and ¢(1) = 0.

A process of a deep neural network with the hyperbolic tangent sigmoid transfer
function along with the optimization of BR is given for the numerical treatment of the
nonlinear model. The input values are selected as [0, 1], while the step size is 0.01. A
tangent hyperbolic sigmoid transfer function is used in both hidden layers with fifteen
and thirty neurons for solving the model. Figure 4 shows the transition of state (ToS) and
mean square error (MSE) using the nonlinear model. The maximum number of epochs
has been taken as 750. Figure 4 shows the MSE performances, which are calculated as
8.8997 x 10797, 1.0091 x 107263, and 1.1656 x 10~°° at epochs 93, 203, and 224. Figure 4
signifies the gradient measures, Mu values, sum squared performances, num parameter,
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and authentication checks. The gradient measures are illustrated in Figure 4, which are
given as 8.827 x 107%7,1.7593 x 10~%¢, and 5.3555 x 10~05.

Best Training Performance is 3.8997e-07 at epoch 92

Best Training Performance is 1.0091e-06 at epoch 202

Best Training Performance is 1.1656e-06 at epoch 223

Train Train Train
_ e e b
H 3 2
E .k E
8 102 ] ]
5 g 102 G 1072
k-1 : o °
o - &
© : © ©
£ o gt £ 10
100
O 1076 b 106 L L— O
0 20 40 60 80 50 100 150 200 0 50 100 150 200
93 Epochs 203 Epochs 224 Epochs
(a) MSE. 1 (b) MSE. 2 (c) MSE. 3
) Gradient = 8.8276e-07, at epoch 93 ) Gradient = 1.7593¢-08, at epoch 203 ) Gradient = 5.3555¢-05, at epoch 224
Em— EJ 10° 510' " " "
E: E i
o L i i L L o i i i o
Mu = 50000000000, at epoch 93 Mu = 50000000000, at epoch 203 Mu = 50000000000, at epoch 224
E : E
10-‘ i L L i i i i L i 10& " n n n i i i 10LI L i L i
Num Parameters = 45.5601, at epoch 93 Num Parameters = 89.9811, at epoch 203 Num Parameters = 75.4264, at epoch 224
; 20 :
& & )
0 0 L L . . . . 0 n n n n
- Sum Squared Param = 11.5326, at epoch 93 Sum Squared Param = 12.3929, at epoch 203 o Sum Squared Param = 12.3875, at epoch 224
X %10 B
w 0° ] r._ "4
Validation Checks = 0, at epoch 93 m; Validation Checks = 0, at epoch 203 1 Validation Checks = 0, af cpoch 224
B i
g 3
. X . . . .

10 20 n 40 5 &0 70 80 90
93 Epochs

(d) STs (1)

40 60 B0 100 120 140 160 180 200

203 Epochs

(e) STs (2)

50 100 150 200
224 Epochs

(f) STs (3)

Figure 4. Illustrations of the best training and STs’ (gradient, Mu, epochs, num parameters) perfor-
mances to solve the nonlinear WNF system.

Figures 5-7 are the function fitness (Func. Fit) for solving the nonlinear model using
the process of a deep neural network transfer function hyperbolic tangent sigmoid by using
the optimization procedures of BR. Figure 8 authenticates the values of the error histograms
(EHs) for solving the model and these values are calculated as —1.60 x 107%2,4.10 x 10704,
and —8.30 x 107°7. The performances of regression (Reg) for cases 1 to 3 are authenticated
in Figure 9 to solve the model using the process of a deep neural network, which are found
as 1 (perfect modelling). MSE values of train/test statics are presented in Table 2 for solving
the nonlinear model.
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Figure 5. Func. Fit for the nonlinear WNF model (1).
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Table 2. Proposed scheme for solving the nonlinear fluid model.

MSE
Case - Performance Gradient Epoch Time
Test Train
1 8.1633 x 10797 3.8997 x 10797 390 x 10797  8.83 x 10797 93 5s
2 1.0091 x 10796 3.8968 x 10796  1.01 x 10796 176 x 10706 203 2s
3 1.1656 x 10706 36107 x 10796 117 x 10796 536 x 10705 224 12s

Figure 10 represents the results’ comparisons of outputs f(v), 6(v) and ¢(v). The
results matching show the performances of the outcomes for each category of the nonlinear
fluid model, which shows the exactness of the nonlinear model.
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Figure 10. Comparisons of the results for the nonlinear WNF model 1 to 3.

The values of AE using the performances f(v), 6(v) and ¢(v) are shown in Table 3 for
the numerical solutions of the nonlinear WNF model 1 to 3. These performances have been
reported by taking the 0.1 step size in input 0 and 1. The negligible values of AE for the
parameters f(v), §(v) and ¢(v) are calculated around 10~% to 10~% for each class of the
model that represents the correctness of the scheme.

Table 3. AE for the parameters f(v), 6(v) and ¢(v) of the model.

v 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
2x107% 6x107% 2x103 3x10% 1x10® 3x107* 1x10% 4x107* 2x10® 8x10* 1x1073

f@) 1x107% 7x10* 1x10% 1x1072 3x10™* 2x10% 9x10™* 5x107° 3x10™* 1x107% 1x1073
4%x107°% 1x107% 7x10°% 4x10% 1x10°% 6x10*% 4x10* 8x10% 1x10* 2x10% 2x1073

2x107% 3x107% 4x107* 8x10° 4x10* 7x10° 2x107° 2x107* 7x107* 3x10* 4x10*

0(v) 2x107% 4x10° 2x1073 2x10% 8x10* 2x10% 9x10% 2x10™* 1x10® 1x10% 1x1073
1x107% 3x107* 8x107% 2x107* 4x107* 8x10% 3x107* 4x10% 6x107* 1x10° 2x1073

6x107% 5x107% 7x10% 2x107* 1x10® 2x107* 2x10°% 7x10* 2x10% 1x107* 3x10°*

$(v) 2x107% 8x107% 5x10% 5x10° 2x10% 1x10% 2x10% 1x10% 5x10* 7x10* 2x10*
3x107% 4x107% 2x1073 1x10% 2x107% 3x10% 2x10% 2x10™* 2x10® 5x10™* 3x1073

4. Concluding Remarks

The current study shows the design of the novel hyperbolic tangent sigmoid function
for the numerical treatment of the Williamson nanofluid model (WNM), which is classified
into two velocities, concentration and temperature. Some of the concluding remarks of this
work are as follows.
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A deep neural network procedure using fifteen and thirty neurons is presented through
the hyperbolic tangent sigmoid transfer function in the hidden layers.

1.  The optimization is performed through the Bayesian regularization, while the hyper-
bolic tangent sigmoid transfer function in the hidden layers is used.

2. The numerical performances of the results have been proposed using the stochastic
computing schemes along with the process of a deep neural network and Bayesian
regularization.

3. A targeted dataset "Adam’ scheme is designed, which is further accomplished based
on the procedure of training, testing, and verification using the ratios of 0.15, 0.13,
and 0.72.

4. The correctness of the deep neural network along with BRA has been performed
through the overlapping of the solutions and small absolute error.

5. The capability of the procedure using the statistical observations is authenticated to
reduce the mean square error for the nonlinear WNM.

In future, the designed novel deep neural network along with BRA can be executed to
present the numerical solutions of various dynamical models [32-34].
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