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1. Introduction

ABSTRACT

This paper gives the numerical analysis for an electro-osmotic
Eyring-Powell fluid flow that is in two dimensions along a
stretched sheet. The modified governing equations are resolved by
the finite element technique. Graphs are used to display the
various properties for several relevant factors on dimensionless
velocity and temperature fields. The results are compared with
previous findings in order to confirm the accuracy of the
numerical solution. There appears to be a decrease in velocity
when the magnetic parameter and Eckret number increase. This
study has implications for fluidization, environmental pollutants,
and agriculture. In this study, computational fluid dynamics (CFD)
simulations and an artificial neural network (ANN) model are both
employed.

© Published at www.ijtf.org

Powell and Eyring [1]. Essential applications
for the Eyring-Powell fluid model can be

The qualities of fluids that defy Newton's rule
of viscosity have been the subject of research
for the last few decades. The usage of these
fluids becomes more appropriate than
Newtonian fluids in various industrial and
physiological sectors. Blood, ceramics, fruit
juices, printer inks, shampoos, polymer
solutions, cosmetic products, paint sand, and
other substances are examples of non-
Newtonian fluids. For a better understanding
of the various flow behaviors of these sort of
fluids, various models are available in the
literature. However, researchers have shown
that it can be challenging for a specific non-
Newtonian model to account for all possible
non-Newtonian behaviors. One of the non-
Newtonian fluids is the Eyring-Powell fluid
model, which was developed in 1944 by

found in a wide range of geophysical,
industrial, and natural phenomena. These
crucial applications include enhanced oil
recovery, thermal insulation, fog formation
and dispersion, orchards of fruit trees,
pollution in the environment, drying of porous
substances, and subsurface energy conveyance.
The Eyring-Powell fluid has also drawn a lot
of attention for the reasons listed below, even
though its mathematical analysis is more
challenging. Eyring-Powell fluid acts like a
Newtonian fluid under low and high shear
rates. Noreen Sher Akbar et al. [2] investigated
the MHD flow of the Eyring-Powell fluid on a
stretching sheet. They implemented finite
difference scheme to analyse various
parameters graphically. The effects of slip on
the peristaltic flow with wall
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Nomenclature
a Stretching rate

B, Magnetic field strength

h
Bi Biot number, B, = —5\/§
k Va

_ o B
Magnetic parameter, M =
M p a
Cs Skin friction coefficient
2,2
Ec Eckert number, Ec = _ax
Cp (TW _Too)U
. EO
E. Electric parameter, E, =
axB,
f Dimensionless velocity of the fluid phase
Nu  Nusselt number
_uCp
Pr Prandtl number, Pr= ”
Exponential heat source parameter,
Qo -
¢ pC,a

Re, Local Reynolds number, gre =2*

o Fluid parameter, 0 =

2

1%

T, Ambient fluid temperature

Greek symbols

Material parameter, & =

pupC

32

C%

kinematic viscosity (m?/s)

y7i dynamic viscosity (kg/ms)

P density of the fluid (kg/m"°)
A, ¢ material constants

similarity variable

dimensionless fluid temperature

characteristics was studied by Hina [3]. Hayat
et al. [4] deliberated heat generation/absorption
effects on Nanofluid flow over an
impermeable  stretched  cylinder.  They
observed that high temperatures cause the
radiation parameter to raise. The nanofluid
across an exponentially stretched sheet is
investigated by Srinivas Reddy et al. [5]. In
this study it is perceived that raising the
suction parameter and the material parameter,
the velocity profile is reduced, but the material
parameter exhibits the opposite trend. Gholinia
et al. [6] examined the Eyring-Powell fluid
Nano flow on a disk. Amin Jafarimoghaddam
[7] deliberated the influence of thermal
boundary condition on Eyring-Powel fluid
flow over a sheet. Atul Kumar Roy et al. [8]
illustrates Eyring-Powell fluid flow past a plate

by considering convective boundary conditions.

Wagas et al. [9] studied the Eyring fluid past a
stretching sheet. The analysis of heat and mass
transport for a viscoelastic fluid channel has

been studied by Arshad Riaz [10]. The author
noticed that the aspect ratio of the rectangular
duct causes the velocity profile to increase.
Nisar et al. [11] investigated the MHD
peristaltic flow of an Eyring-Powell nanofluid.
The effects of radiation and Joule heating are
included during the analysis.

Electro-osmosis is widely observed in
many systems such as bio membrane, fluid
dialysis, porous materials, etc. The electro-
osmosis- flow in a channel has been instigated
by Fazle Maboob et al. [12]. They observed
that the Eyring-Powell fluid parameter
supports the channel's central velocity for
negative electrokinetic pumping and acts in the
opposite direction for positive electrokinetic
pumping. Asha Shivappa and Sunitha [13]
explored the fluid past a channel consists of
gyrotactic microbe. The findings show that
bioconvection lowers the gradient of pressure
because convection instability occurs inside
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the system, which results in convection pattern
and lowers gradient of pressure.

Due to its numerous uses in engineering
and the environment, such as metal and
polymer extrusion, etc., the flow model over
the stretching sheet has recently acquired great
relevance in fluid dynamics. Salleh et al [14]
examined the fluid of a boundary flow on
stretching sheet and also considered
Newtonian heating. Makinde [15] obtained a
numerical solution for buoyancy driven
vertical plate with a heat source. Yasir khan et
al. [16] examined the flow of a fluid with
thermal conductivity and viscosity on a
stretching sheet. Subhas Abel et al. [17]
studied the heat transfer analysis of a Maxwell
fluid flow on a stretching sheet and observed
that the Maxwell parameter influences the
velocity and temperature profiles. Liancun
Zheng et al. [18] studied the effect of velocity
slip of a nanofluid on stretching sheet. Rashid
et al. [19] has discussed the effects of magnetic
field on flow of nanofluid on stretching sheet.
Das et al. [20] investigated numerically the
nanofluid flow past over a sheet with a heat
source or sink. Turkyilmazoglu [21] examined
the micropolar fluid flow caused by a
permeable stretched sheet. Bhatti et al. [22]
studied the flow of a Williamson nanofluid
over a sheet. In the existence of radiation, the
convective flow of a nanofluid over a
stretching sheet was studied by Nayak et al.
[23]. Sumit Gupta et al. [24] examined flow of
a nanofluid on a sheet with the influence of
thermal radiation and analysed the results
graphically. They applied various perturbation
techniques to study the solutions and conclude
that the optimal homotopy asymptotic method
is more effective, simpler and easier than other
methods. With the influence of slip conditions,
Umar et al. [25] discussed the importance of
activation energy strength parameter on wall
mass flux and mass friction field. Hayat et
al.[26] carried out Darcy-Forchheimer model
on nanofluid over a curved sheet. The
magnetic  dipole  effect sheet  with
thermophoretic particle deposition is taken into
consideration by Naveen Kumar et al. [27].
The flow equations are numerically solved by
RK iterative method. They noticed that the
velocity profile gets weaker as ferromagnetic

interaction parameter values rise. The unsteady
flow of Casson nanofluid is examined by
Wasim Jamshed et al. [28] in terms of both its
heat transport and entropy. They studied the
effect of slip condition and solar thermal
transport on Casson nanofluid flow. Warke et
al. [29] considered the steady flow of
micropolar fluid over a sheet. Sohail Nadeem
et al. [30] analyzed the viscoelastic fluid flow
through a stretching sheet which is not linearly
extending is taken into account. Suction and
injection cases are also covered. The effects of
viscous dissipation and brownian motion with
thermophoresis are taken into consideration.
Dharmaiah et al. [31] applied second order
velocity slip condition, Neild’s condition to
investigate micropolar nanofluid along a
Stretching surface. Li et al. [32] implemented
homotopy analysis method to investigate
Carreau nanofluid along a convectively heated
sheet. Saravana et al. [33] investigated
numerically the behaviour of two non-
Newtonian fluids over a stretching surface. Li
et al. [34] succinctly explained the impact of
ohmic and viscous dissipation on plate with
uniform suction. Li et al. [35] analysed
numerically the influence of velocity and
thermal slip effects on a ternary nanofluid
over stretching sheet.

Effects from an exponential heat source is
used to model the flow of a micro polar nano
liquid past a stretchy surface was studied by
Mishra et al. [36]. Ragupathi et al. [37]
considered the the Casson nanofluid flow
across a sheet with exponential heat source
influences. Nagi reddy et al. [38] examined
the effects of heat source on convective MHD
flow across an exponentially extending surface.
In the presence of exponential heat source,
Mohan Krishna et al. [39] instigated the MHD
Carreau fluid flows on parabolic regions. The
process of heat and mass transmission is
examined. A problem of heat transmission in
half-space under the influence of a point non
stationary heat energy source was studied by
Formalev et al. [40]. lkram Ullah et al. [41]
investigated the flow of a nanoliquid in a
rotating system with the influence of viscosity
and thermal conductivity.

With the available literature, authors came
to know that no effort has been reported yet to
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discuss on electro-osmotic flow of Powell fluid
flow over stretching sheet with an exponential
heat source and convective boundary
conditions are taken into account. The authors
are motivated to look at this issue by their
aforementioned uses in industries, biomedicine,
and studies. By employing the Galerkin finite
element method, the governing equations are
solved. The related ANN model has been
projected, and there is thorough discussion of
the attained numerical solutions. When the
magnetic parameter and Eckret number rise,
the velocity seems to fall. This research has
applications in the fields of fluidization,
environmental pollution, and agriculture.

2. Problem definition

® \We investigate an Erying-Powell fluid
flowing past a stretching sheet in an
incompressible, two-dimensional electro-
osmotic flow, as shown in Fig. 1.

The sheet is pulled taut, allowing the fluid

to flow quickly "“w=# (2 is a constant).
A Cartesian coordinate system's x-axis
and y-axis are conceptualised as being

2.1 Governing Equations

parallel to and perpendicular to the
stretching surface, respectively. Normally

applied, a strong magnetic field Bo js
placed over the flow.

Thermal Boundary Layer

Fig.1. Physical Configuration of the Problem

® Viscous dissipation and an exponential
space-related heat source are considered.
The equations underlying the
approximations for the boundary layer are
[2, 30, 36].

a_u+ﬂ—0 1
ox oy @
au au 1 You 1 [(au) au? 0'( 2)
U—+V—=| 0+ - — | =—+=(EyBy-By°u
x oy (U pﬂchayZ 2pﬂlc3[8yj % p oo @)
o o k T o i (Y Q il [b]”y
Sy . Z _Rp.2 _H NE + _ vy
uax+vay o ay2+pcp (EOBO By u)2+pcp(8yJ +PCp(TW T 3)
Conditions
oT
u=u,=ax,v=0-k—=h(T-T )at y=0 @)
Uu—>0T->T, at y—-ow
Non-dimensional equations
Q&) —Es(F Pt +M(E - f')-(f'V+f f"=0 )
" / ' 2 112 —n77
6"+Prf6'+PrMEc(f'-E) | +PrEc(f")"+PrQee " =0 6)
Non-dimensional conditions
f(0)=0, '(0)=1 0'(0)=-B;{L- 6(0)) at =0 0

4
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f'(77) >0, 8(r7) >0 asp—

2. b. Skin friction and Nusselt number
The skin friction and Nusselt number are

3
C, = Tw andNu:L where 7, = 1+i 6_u_ L 3 a_u (8)
1 2 k(TW _Too) ﬂlC 6}/ 6ﬂlc ay
E % ux
The non-dimensional skin friction and Nusselt number are
n 5 n
e, =VRec, =@+ & == (1) at =0 )

N, =+/ReNu =-6'(0)

3. Numerical solution

Nonlinear coupled controlling
equations are transformed into a matrix form
by the Galerkin finite element method [42-44].
The global matrix for the entire domain is
created by combining the coupled matrix
equations for the individual elements, and it is
then repeatedly solved to provide the velocity
and temperature. To keep the findings as
accurate as possible, the obtained solution's

error level is set at 10 The variance between
the prior iteration and the present iteration for
the variables at all nodes is reached, the
iterative process comes to an end. To analyse
the fluctuations in velocity and temperature,
linear elements with two nodes are taken into
consideration. The nodes are connected by
lines to form a mesh structure. The outcomes
are attained by considering 100 mesh nodes of
points. To solve Equations, the Galerkin finite
element method is used. (5) - (6) on a
designated region 0 < n < 6. By applying the
Galerkin  method [37], the dependent
variables f’'and @& are approximated by

f’:ZNifiﬂ:ZNﬂi . For two nodes the
1 1

nodal distributions can be expressed as

f'= Nifi +Njfj 0= Ni9i+Nj9j,Where
N, =4~ and N; =11
=1 mj =1
These essentials are then combined to
form a global matrix with the n number of
nodes. For n nodes, the element stiffness and
load matrix are expressed as follows: Table 1

Comparison of the present results with

(10)

Noreen Sher et al. [2] for the skin friction
in the absence of Q,, Biand E; and for ¢ =
0,0=0.

’

Ke 1= FE (11)

The above system is solved for f’ and
distributions.

4. Code Validation

Table 1 shows the cade validation results. The
obtained results are in good agreement
with the existing results.

M Present results Noreen Sher et al. [2]
0 1.0015 1

0.5 -1.118028 -1.118039

1 -1.414290 -1.414211

5 -2.449460 -2.449491

10 -3.316619 -3.31663

5. Results and Discussion

The impact of these variables on
dimensionless velocity and temperature
profiles was determined using the numerical
method described above for many relevant
parameter  values, including  material
parameters (¢) and(d), Prandtl number (Pr),
Electric parameter(E1), Magnetic parameter
(M), and Eckert number (Ec).The computed
outcomes are shown in figures. (2) - (9).

n temperature profile. As § augments the
temperature profiles gets enhanced. Fig. 3(a)
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depicts the impact of 9 on the velocity field.

An increment in ¢ leads to a diminishment in
fluid velocity. As fluid parameter enhances the
flow resistance improves so it reduces the
velocity profiles. Temperature profiles exhibit
a similar pattern of behaviour, as shown in Fig
3. (b). The impact of Pr on fluid velocity is
very low as depicted in Fig. 4(a). It is evident
from Fig. 4(b) as Pr augments the temperature
profiles gets magnified in the presence of
exponential heat source. Physically this means
momentum diffusivity dominates the thermal
diffusivity. It is evident from Fig. 5(a) an
enhancement in E1 causes an increment in
velocity. As E1 improves it augments the
thickness of momentum boundary layer, so the
velocity boosts up. Fig. 5(b) displays the
impact of E1 on the field of temperature. The
large values of E1 makes the temperature
increase.

The impact of a magnetic parameter
on velocity distribution is seen in Fig. 6(a).
With an increase in the magnetic field, the
boundary layer's thickness and velocity are
both significantly reduced. This is attributed to
the fact that the Lorentz force creates a
resistance in opposite direction of the fluid
flow. The effect of M on the temperature
distribution is depicted in Fig. 6(b). An
increase in M values is associated with a
decrease in temperature. Fig. 7(a) manifests
the pictorial description of velocity profile
with the escalating values of Ec. As Ec
improves a diminution in velocity is noticed. It
is evident from Fig. 7(b) that an increment in
temperature owing to an enhancement in the
values of Ec. The physical explanation for this
is that greater heat is produced due to the drag
force between the fluid particles.

Fig. 8(a) is captured to analyse the

effect of exponential heat source parameter Qe
on temperature distribution. It is noted that the
velocity of the fluid decline for large values of

Qe Fig. 8(b) establishes the impact of Qe on
temperature profiles. It clear that an increase in
the exponential heat source parameter causes
more energy to be converted into liquid, which
improves the thermal boundary layer thickness
and temperature profiles. Fig. 9(a) illustrates
the fluid velocity is less influenced by Biot

number. A drawing of Fig. 9(b) shows how Bi
affects the temperature profile. It appears that
as Bi improves, the temperature increases
quickly close to the borders.

Figure 10 depicts the ANN configuration
model. ¢&,8,Pr,E1,M,Ec,Qe, Biandn are
the input parameters, whereas the f'and 6 are
the output parameters. The available data set is
separated into two datasets while constructing
an artificial neural network model. The first
dataset 20% is used to train the ANN model,
and the second dataset 80% is used to validate
it. The predicted outcomes of the ANN model
are compared to the remaining data. The
suggested technique employs LMB, SCGB,
BRB, and RB, four different forms of back
propagation algorithms.

3.0

£=0,05,1,15,2

2.5 4

Fig.2(a). Variation of $on velocity profile

20
£=0,05,1,15,2

Fig.2(b). Variation of ¢ on temperature profile
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By changing the weights and biases,
Fig. 10 attempts to reduce the error between
expected output results and input data. Fig. 10
depicts the ANN model's architecture. The
number of hidden layers and nodes in each
layer are shown in this diagram. During
training, a backward propagation algorithm is
employed. In the hidden layer, all backward
propagation techniques employ eight neurons.
It uses a linear transfer function for the output
layer and a tangent sigmoid transfer function
(tansig) for the hidden layer.

An ideal ANN model is constructed
using the dataset gained from the numerical
inquiry to predict the velocity and temperature
profiles. By changing the number of neurons in
a hidden layer and planning the ANN's
operation for each number, the best framework
for the ANN can be discovered. As can be
shown in Fig. 11, the findings of the optimal
ANN are in a better agreement with the
theoretical dataset and can predict the velocity
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and temperature profiles more accurately than
the correlation.

Output Layer

Input Layer

Tangent sigmoid | Linear transfer function |
—_— transfer function
Introduce inputs = -
Initialize weights R N
¢ T — ¥ .
— 1
a = pansiginy a = paarelisgdn)

_( Compute Model |

Target values
Experimental data

!

Compare [

!

Calculate error term, £ between

] ANN outputs and experimental data
Levenberg-Marquardt Backpropagation (LME)
Scaled Conjugate Gradient Backpropagation (SCGE) ¢
Bayesian Repulation Backpropagation (BRB) i ]
Resilient Backpropagation (RB) ——P‘ Error adjust all weight changes ‘

|

| Calculate overall esror |

| Finish |

Fig.10. Proposed optimal architecture of the ANN model.
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Fig. 11. Comparison between theoretical data
and ANN outputs.

6. Concluding Remarks

In the current exploration an electro-
osmotic flow of Eyring-Powell fluid over a
stretching sheet in the presence of magnetic
field, wviscous dissipation and convective
boundary conditions has been considered. The
finite element method is implemented to discuss
the nature of governing parameters. The
developed ANN model is trained using CFD
data to forecast the properties of heat transfer in
the under-consideration channel with an
accuracy of 99.89%. Graphical representations
have been made of the influence of the relevant
parameters on velocity and temperature profiles.

Apropos to the above discussion, the following
are the concluding points.
e Higher magnetic field  shows
diminishment in the velocity as well as
temperature distributions.

e Assuming greater values for ¢ , the
temperature profiles get reduced and
the velocity gets enhanced.

e As Ec improves, velocity of fluid
decline and temperature will incline.

o Temperature and velocity profiles are
both enhanced when EL1 is increased.
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