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Abstract

Objectives: To investigate the combined effects of thermal diffusion and dif-
fusion thermo on two-dimensional, steady, incompressible, viscous, electri-
cally conducting, chemically reacting Oldroyd-B + nanofluid flow through a
porous medium near a stretching sheet under the influence of a magnetic field.
Method: We convert the main governing equations, which are a set of nonlin-
ear partial differential equations, into sets of nonlinear ordinary differentials
representing the motion, energy, and concentration of nanofluids as well as
the boundary conditions via similarity transformations. The implicit finite ele-
ment method is utilized to solve these equations numerically. Findings: The
main findings are the heat transfer rate is rising with growing values of Nb, Nt,
Du, while it reducing for increasing values of Pr and Le also the mass trans-
fer rate is growing with higher values of Nt, and Sr, and the reverse effects is
observed in case of increasing values of Le, Nb and §. Novelty: Investigating the
significance of MHD Oldroyd-B + nanofluid flow past a stretched sheet through
a porous media with chemical reaction is the novel aspect of this work. The
effects of thermophoresis and Brownian motion are two essential elements as
well as the effects of magnetic fields, Soret, and Dufour are taken into account.
Keywords: OldroydB Fluid; Nanofluid; Chemical Reaction; MHD; Double
Diffusion; Finite Element Method
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1 Introduction

A study conducted by Hussain and colleagues ") brought to light the relevance of nanometer-sized particles in contemporary
technology, namely in terms of enhancing the electrical properties of various kinds of fluids. Li et al.®) proposed the extensive
use of mass transportation with activation power in a variety of important disciplines, such as hydropower engineering,
chemistry, petroleum droplets, and food processing. According to Thejas et al.®), nanotechnology, which is defined as
the manipulation of matter on a very small scale, is used in a variety of fields, including chemical engineering, materials
research, biological sciences, and healthcare. Ahmed et al.” conducted research on a number of nanomaterials, including
carbon nanotubes, metal oxides, nanoscale polymers, and nanoscale clays, all of which are known for possessing excellent
thermophysical characteristics. By increasing the injection parameter and the Eckert number, Aly® proposed that graphene
nanoparticles could perform the functions of a heater and a cooler. Additionally, by increasing both the first and second
velocity slips, they could perform the role of a cooler. In order to improve heat transfer in a hybrid nanofluid mixture of non-
magnetic and magnetic nanoparticles based on sodium alginate, Hussanan and his colleagues® performed research according
to the following methodology. During their research, Arshad Khan and his colleagues” investigated the development of
entropy and carried out thermal analysis on the rotational motion of a hydromagnetic Casson nanofluid that was contained
inside a spinning vessel that was heated by Joules. Khan and colleagues® investigated the transport of heat and mass in a
three-dimensional nanofluid flow that was carried out on a linear stretching surface with convective boundary conditions.
The researchers Manna et al.) investigated the influence that the position of hot chillers and the Lorentz effect had on the
transmission of heat and the creation of energy in a cavity that was quarter-circular in shape and contained hybrid nanofluid
convection. Wagas et al. !”) conducted an analysis of the results of a computer model about the impacts of biological convection
on the magnetohydrodynamics flow of nanofluids inside a framework that might be described as horizontally expanding and
rotating. Research conducted by Waqas and colleagues!?) investigated the effect that magnetohydrodynamics radiation had
on the movement of a hybrid nanofluid over a spinning disk. Lu et al.!? carried out a numerical investigation on a fluid
flow consisting of three layers, one of which was a nanoparticle layer. In a three-layer model, Rajeev et al.("® investigated
the phenomenon of cross-diffusion in a sinusoidal channel for the flow of a hybrid nanofluid that was surrounded by single-
phase nanofluids. The effects of Hall currents and Ohmic heating were taken into consideration in the research conducted by
Abbasi and colleagues ') about the entropy generation analysis of the peristaltic motion of nanofluid in a symmetric channel.
A comparative analysis of the efficiency of heat transmission was carried out by Ma et al. ! for a number of nanofluids that
had varying mass concentrations. Research conducted by K. Gangadhar et al. ') investigated the Oldroyd-B flow of nanofluid
over a stretched surface that included gyrotactic microorganisms. The researchers took into account effects such as the Lorentz
force. In their study, Rafiq and colleagues 1) investigated the peristalsis of a viscous nanofluid in a channel wall that was flexible.
They took into consideration ion-slip, strong magnetic field, Hall current, thermophoresis, and Brownian motion occurrences.
Hina et al."® used the Buongiorno model in order to investigate the peristaltic movement of a Carreau-Yasuda nanofluid
while it was flowing in a symmetrical channel. Using Powell-Eyring nanofluid, Tanveer and Malik ') investigated the inclusion
of a number of parameters in a curved geometry flow with MHD peristalsis. These components included thermo-diftusion,
changing viscosity, viscous dissipation, porosity, and slip. The physical consequences of magnetohydrodynamic (MHD) effects
on Oldroyd-B nanofluids are substantial in a variety of real-world applications, especially in sectors where fluids must transport
heat efficiently while being exposed to magnetic fields. Since nanofluids frequently display shear thinning or viscoelastic
characteristics, which qualify them for sophisticated heat transfer procedures, the Oldroyd-B model, which characterizes non-
Newtonian fluid behavior, is pertinent to them. Through modifications to viscosity, velocity profiles, and heat conduction,
MHD effects impact the flow behavior of nanofluids when a magnetic field is applied. Because of their improved heat transfer
capabilities, nanofluids with MHD effects can enhance thermal performance in real-world applications such as heat exchangers,
cooling systems, and nuclear reactors. Better conductivity is provided by the fluid’s nanoparticles, and the fluid’s velocity is
altered by the magnetic field, which results in. A study conducted by Rafiq and colleagues>” examined the electro-osmotic
magnetohydrodynamic peristaltic flow of Jeffrey nanofluid in a curved geometry, taking into account the presence of chemical
reaction and slip conditions. Khyati Dang et al. studied the chemical effect on Mathematical Simulation for MHD Casson
Convective Nanofluid Flow Induced by 3D Permeable Sheet *") and also investigated the effect of MHD on radiative Casson
Non-Newtonian Nanofluid slip flow induced by stretching cylinder ??. Finally, Amith et al. studied the effect of slips and
MHD on the melting fluid flow of Oldroyd-B + nanofluid ®® and Ali and co-authors delve effect of heat and mass transfer
of Oldroyd-B + nanofluid flow in a porous medium ?¥. With motivation of the above work is to investigate the importance
of MHD Oldroyd-B + nanofluid flow past a stretched sheet through a porous medium with a chemical reaction. In many
applications, the behavior of Oldroyd-B nanofluids is influenced by double diffusion, where fluid flow is influenced by both
concentration and temperature gradients. The Oldroyd-B model’s non-Newtonian characteristics, which take into account the
fluid’s elastic and viscous components, combine with heat and mass transfer to produce the double diffusion process, especially
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in nanofluids.Double diffusion may occasionally improve Oldroyd-B nanofluid flow properties. The interplay between thermal
and concentration gradients, for instance, might increase the overall efficiency of heat and mass transfer in cooling systems or
heat exchangers. Better flow management and more effective heat dissipation result from the fluid’s nanoparticles’ enhancement
of thermal conductivity and the double diffusion process’ ability to drive convective currents.The effects of magnetic fields, Soret,
and Dufour are taken into consideration also the impacts of thermophoresis and Brownian motion, which are both crucial
factors. Convergence of solutions obtained by use of the finite element technique is checked by plots and numerical data and
they are assessed for a number of physical components that are involved in the problem and the obtained results are found good
agreement with the previous one. Surface drag coeflicient and local Nussult and Sherwood numbers are also studied through
numerical values.

2 Methodology:

The fluid flow geometry of “steady, chemically reacting, viscous, incompressible, two-dimensional, electrically conducting,
Oldroyd-B + Nanofluid and nanoparticles towards a porous stretching sheet in the presence of Magnetic field, Thermal
diffusion, Thermophoresis, Diffusion thermo, and Brownian motion effects” is shown in Figure 1. For this investigation, the
following assumptions are

i. The non-linearly stretching sheet is stretched along the x-direction and the y-axis is normal to it.

ii. In the domain y > 0, the Oldroyd-B + Nanofluid flow is occupied.

iii. It is assumed that the convective surface temperature is 7, and ambient temperature is 7. and the concentration of
the nano-particles on the sheet is C,,, and ambient concentration is C .

iv. Generally, B(x) a variable magnetic field will be provided to the surface of the sheet while the magnetic field induced is
minimal and may be justified for MHD flow at the small magnetic Reynolds number.

v. In addition, it is assumed that the effect described by Fourier’s and FicK’s law is of a higher order of magnitude than the
effect due to Dufour and Soret, and thus the Dufour and Soret effects are considered.

vi. Homogeneous first-order chemical reaction is considered, and thermal radiation is neglected in this flow.

vii. Along the x-direction, the velocity of the sheet is u,, (x) = ax

Y,0,1

Based on the above assumptions, the fundamental governing equations for the conservations of mass, momentum, energy, and
concentration for the Oldroyd-B + Nanofluid are considered as:

Continuity Equation:
ou Ov
il ) = 1
(8x) * (83/) 0 )
Momentum Equation:
ou Ou 2 0%u  ,0%u 9%u
== == - 4 u—— | =
“ (8x> v (31/) A (u Ox2 t Oy? + ““axay
(B (2P P O udVY (0, o
oy2 2\ axoy? | oyd 0xdy? Oy Oy? P k*/) 7
Equation of thermal energy:
WL, o°r +75| D (8C8T]+DT<8T)2 4 Dmbor s 3)
or oy \ 9y? BA\TB\oay oyl 1. \oy C.C, \ 9y?
Equation of species nanoparticle volume concentration:
ocC oC o%2c Dy (02T D, Ky (0°T
il )= i T m _ _ 4
u<6x)+v(8y> DB(8y2>+Too<3yQ>+ T <8y2) Rr(e=Ca) @
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Ambient temperature & concentration T.:c ' I:,:

Momentum, Thermal and Species boundary layers

Stretching Sheet

Wall temperature & concentration Tw Ml

Fig 1. Geometry representation of the fluid

The boundary conditions for this flow are

u=u, =ar,0=0T=T,C=C,,aty =0 )
u—0,T =T, ,C =>C,,asy =0
Introducing the following similarity transformations
/ T-T C—
(u=ass (o =—v7as =i/ 0 = T2 9= T=Cy—ap o) v, | ©

where 1) (x,y)represents the stream function and is defined as

U= %Ziandvz—%ii (7)

Making use of Eq. (7), equation of continuity is identically satisfied and Egs. (2), (3) and (4) along with (5) take the following
form

Jc///+’yl (]‘./271(.](.///)71\41(./7}{]{,/7f/2+ff//7’)/2 (fo//;72ff/ f”):o (8)
NbLed” + LeNbPrf8 + PrNbNtd ¢ + PrNtd'2 + PrLeNbDu¢ =0 )
Nbp" +SeNbf¢ +SeNtd” +SeNbSr9” —SeNbdp =0 (10)
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the corresponding boundary conditions (5) become

(F(0)=0,f(0)=1,6(0)=1,6(0) = 1&f (00) = 0,0 (00) = 0,¢(50) = 0} (1)
where the involved physical parameters are defined as
2 C), DT, C —-C
LT g oy O] - Co=Co) 0
%B Ky (T, — € )K (C—Coy)
v v
- = T\*tw oo _ T _
ke M =MOET = e, o) P T e - T Dy (12)
), (C,—C
Nt = P9 (Co W),Rew:uwx,6:ﬁ7
(Pc)f v a

Quantities of physical interest, the physical parameters of the skin-friction coefficient, local Nusselt number and local Sherwood
number are presented as follows:

(525 (5% G- vma- () o

L+, ) puz, L+, ) pu3, L+
Nu, = ﬁwhere 4y = K(‘gg) :>Nu:Re;%Nu :_9’ (0) (14)
Sh there Q= —DB<8—y) = Sh= Re = (;5 ( ) (15)

2.1 Finite Element Method Solutions:

Use the finite element method to solve both partial and ordinary differential equations. This is a very good way to solve
differential equations. As we've already said, the finite element method is based on the idea that the domain can be broken up
into smaller, finite-dimensional units called finite elements. At the time this was written, this was the most flexible numerical
method for engineering analysis. It has been used to study a wide range of things, such as heat transfer, fluid mechanics, rigid
body dynamics, solid mechanics, chemical reactions, electrical systems, and acoustics, to name a few. Before doing a finite
element analysis, the following steps must be taken:

o Domain discretization into elements: Using finite element discretization, the whole interval is broken up into a certain
number of smaller intervals, each of which is called an element.

o Domain decomposition into elements: The finite-element mesh is made up of all of the elements that were previously
mentioned.

« To generate element equations, the following technique should be followed:

- Initial variations of the mathematical model are made over the typical element (a single element from the mesh).

- When the variational problem has an approximate solution, the element equations are constructed by substituting the
estimated solution into the previously established system, which is then solved for the variable.

- This matrix is formed by interpolating polynomials and is referred to as a stiffness matrix.

o Putting together and solving equations: All algebraic equations must be constructed by placing restrictions on each
equation’s constituents regarding inter-element continuity. By tying a lot of algebraic equations together, it is feasible to
create a global finite-element model of the whole domain.

o Imposition of boundary conditions: It is important to apply the boundary conditions of the flow model to the created
equations.

Built equations may be solved using a variety of numerical approaches, including the LU decomposition method, the Gauss
elimination method, and others. When working with real numbers, it is essential to remember the form functions used to
approximate real functions. There are a total of 20,001 nodes in the flow domain, which is partitioned into 10,000 similarly
sized quadratic components. The flow domain is made up of 10,000 similar-sized quadratic components. After creating the
element equations, we were provided with 80,004 nonlinear equations for analysis. After applying the boundary conditions,
the remaining system of nonlinear equations is solved numerically using the Gauss elimination technique with a precision of
0.00001. The use of Gaussian quadrature facilitates the solution of integrations.
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Table 1. Comparison of present Nusselt number results with published results
Pr Khan and Pop®>  Present Nusselt results

0.07  0.066 0.06546736076092640923
0.20 0.169 0.16573676376209468757
0.70  0.454 0.44987609763434709643
2.00 0911 0.90850763049630946134

2.2 Program Code Validation:

To check the accuracy of computed results in this paper via finite element method, a comparison of numerical values of Nusselt
number results are made for several values of Prandtl number Pr. To do this, the attained numerical results which are approved
against the consequences of Khan and Pop ) as presented in Table 1. It is observed that numerical results of present analysis
are found in good agreement.

3 Results and Discussion:

This study investigates the mathematical analysis of the impact of diffusion-thermo and thermo-diffusion on the flow of
Oldroyd-B + Nanofluid MHD through a permeable medium on a stretched sheet. The study considers the impacts of chemical
reaction, thermophoresis, and Brownian motion. The finite difference technique is used to get solutions. The flow regime
experiences significant Soret and Dufour effects, along with chemical reactions, due to density fluctuations. Both the Soret
and Dufour effects may play a significant role when species with a different density than the surrounding fluid are introduced
at the surface of a fluid field. Velocity, temperature and concentration profiles are shown in Figure 2 to Figure 15 for different
values of various parameters. It is unchanging M = 0.5, K=0.5, y; = 0.5, 75 = 0.5, Pr =0.71, Nb = 0.3, Nt = 0.1, Du = 0.5, Le =
0.3, Sc =0.22, Sr = 0.5 and J = 0.5. Figure 2 illustrates the connection in velocity for magnetic field parameter (M) values. The
rise in M has been shown to reduce velocity. As M elevates, a resistive force similar to a drag force is generated, which is known
as Lorentz force. The velocity intensity is retarded by the Lorentz force, which decelerates its motion. The graph in Figure 3 shows
that the fluid-flow resistive force decreases with the rise in the porosity parameter or permeability parameter (K), i.e. when the
porosity parameter increases, resulting in increased velocity of fluid-flow and also the flow behavior of Oldroyd-B nanofluids is
greatly influenced by the permeability of a porous medium, particularly in applications such as heat exchangers, filtration, and
geothermal energy extraction. Both viscous and elastic components are included in the Oldroyd-B model to account for non-
Newtonian fluid properties, which get more complicated as the fluid passes through a porous material. A more readily flowable
nanofluid is produced when the permeability of the porous media rises and the flow resistance falls. Because the fluid may pass
through the pores more easily, larger flow rates and better heat transfer performance are made possible. In these situations, the
system transfers heat more effectively because the nanoparticles in the nanofluid improve thermal conductivity.Nonetheless,
flow is increased by a decreased permeability, which is usually present in materials with fine pores or dense packing. Figure 4
shows the influence of the Deborah number (7, ) on the velocity profiles. By increasing 7, ,the fluid velocity increases. This is
due to fact that v, involves relaxation time. An increase in the relaxation time leads to increase in the temperature and boundary
layer thickness. Figure 5 illustrates the effects of the Deborah number (vy,) on the velocity field. From this figure, it is noted that
the behavior of the 7, is opposite to that of v, . This is due to fact that the retardation time provides resistance which causes
a reduction in the velocity and thermal boundary layer thickness. A demonstration of the variability in temperature profiles
is provided by the Prandtl number Pr, which is computed from the data shown in Figure 6. A link has been seen between
dropping Pr values and a matching decline in temperature profiles. This association has been demonstrated and observed. A
lower Prandtl number in the fluid results in a greater heat transfer rate and a lower thermal diffusivity. This is the reason why
this is the case. As a direct result of this condition, the thermal diffusivity of the fluid will decrease. When compared to fluids
with a higher Prandt]l number Pr, fluids with a lower Prandtl number Pr have a higher thermal conductivity, which results in
the production of thermal boundary layer structures that are more substantial. The reason for this is because there is an inverse
relationship between greater thermal conductivities and lower Prandtl values. The behavior of the dimensionless temperature
and concentration curves is seen in Figures 7 and 8, respectively, when the Brownian motion parameter, which is indicated by
the symbol Nb, is applied. A decrease in the concentration profiles and an increase in the temperature profiles are seen when
the Nb values are increased. When the values of the Brownian motion parameter are increased, turbulent motion is produced.
This, in turn, causes the kinetic energy of the nanoparticles to increase, which in turn causes the temperature of the nanofluid
to rise. The reason for the occurrence of this phenomenon is because chaotic motion displays expansion in a manner that is
consistent with the principles of Brownian motion. See Figures 9 and 10 for an illustration of how the thermophoresis parameter
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Nt has an effect on the temperature and concentration curves. An increase in the values of the thermophoresis parameters
causes a concomitant rise in the temperature profile as well as the concentration profile respectively. In addition, the thickness
of the border layer grows throughout this process. At its heart, this is brought about by a phenomenon that is referred to as
thermophoresis. This phenomenon takes place when there is a considerable temperature differential between the sheet and
the fluid. The behavior of the Dufour number (Du) and the Soret number (Sr) with regard to temperature and concentration
profiles is shown in Figures 11 and 12, respectively. Each of these figures is shown in sequential order. After doing an analysis of
this image, we discovered that increasing the value of Du resulted in a commensurate increase in the thermal layer’s thickness
as well as its temperature. A concentration gradient has a direct impact on the amount of heat energy that is contained inside a
liquid, which in turn has an effect on Du. Increasing Sr values also sharpen concentration profiles, in a way that is comparable
to the impact that is caused by increasing Sr levels. When a temperature gradient is present, it makes it easier for mass to
flow from a location with a lower concentration of solutes to a region with a higher concentration of solutes. According to
the data shown in Figure 13, a rise in the Lewis number (Le) results in a decrease in the temperature as well as the thickness
of the thermal boundary layer. Presented in Figure 14 is an illustration of the impact that the Schmidt number (Sc) has on
dimensionless concentration patterns. A drop in concentration has been shown to occur whenever there is an increase in the
Schmidt number (Sc). A visual representation of the influence of the chemical reaction () on the concentration profile may
be shown in Figure 15. It has been shown that the concentration experiences a decline as the intensity of the chemical reaction
increases.

M=01,02,03,04

|
00 05 1

0 15 20 25 3.0
7

Fig 2. M influence on velocity profiles

Table 2 shows the numerical data of Skin-friction ( iizf > f" (0)coefficient for changes of M, K, v1, ¥, Pr, Le, Nb, Nt, Sr,

Du, Sc and 4. From this table, the Skin-friction ( ii:’/? ) 1" (0)coefficient increases with increasing values of v, Nb, Nt, Sr, Du,

while it decreases with increasing values of M, K, 75, Pr, Le, Sc and 6. The numerical results of Nusselt number (—6’ (0)) in
terms of Nusselt number for different values of Pr, Le, Nb, Nt, and Du, are presented in Table 3. From this table, it is observed
that the heat transfer rate is rising with growing values of Nb, Nt, Du, while it reduces for increasing values of Pr and Le. Rate
of mass transfer (—(;5/ (0)) in terms of Sherwood number for variations of Nb, Nt, Sr, Sc and ¢ are presented in Table 4. From

this table, it is noticed that Sherwood number (—¢/ (0)) is growing with higher values of Nt, and Sr, and the reverse effect is
observed in the case of increasing values of Le, Nb and 4.

4 Conclusion

The study presents the flow of a two-dimensional, steady, incompressible, viscous, electrically conducting, chemically reacting
Oldroyd-B + nanofluid through a porous medium in close proximity to a stretching sheet that is surrounded by porous medium
while being subjected to the influence of a magnetic field. The study also investigated the combined effects of thermal diffusion
and diffusion thermo on the flow of the nanofluid. The following are important conclusion-derived conclusions.
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Fig 3. K influence on velocity profiles
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Fig 5. v 5 influence on velocity profiles
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Fig 6. Pr influence on temperature profiles
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Fig 7. Nb influence on temperature profiles
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Fig 8. Nb influence on concentration profiles
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Loy
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Fig 9. Nt influence on temperature profiles
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Fig 10. Nt influence on concentration profiles
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Fig 11. Du influence on temperature profiles
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0.8; Sr=05.0812.15
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Fig 12. Sr influence on concentration profiles
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Fig 13. Le influence on temperature profiles
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Fig 14. Sc influence on concentration profiles
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j——

F=0.5,1.0.1.5,2.0

Fig 15. ~y influence on concentration profiles

Table 2. Numerical values of Skin-friction coefficient for variations of M, K, ~y1, y2, Pr, Le, Nb, Nt, Sr, Du, Sc and §

M K Y1 Y2

Pr

Le Nb Nt Sr Du Sc

o

()7 0

0.1 0.1 0.2 0.3
0.2
0.3
0.3
0.5
0.4
0.5
0.5
0.8

0.71

1.00
7.00

0.3 0.1 0.3 0.5 0.5 0.22

0.5
0.8
0.3
0.5
0.6
0.8
0.8
1.2
1.0
1.5
0.30
0.66

0.5

1.0
1.5

1.56861987945
1.51807034963
1.49198795874
1.53083671341
1.51697364093
1.59876503034
1.62098748572
1.54673064713
1.52156740844
1.51876630936
1.49098298709
1.53763876303
1.51153456349
1.58678679063
1.60769187893
1.59878317934
1.62134721659
1.58084718797
1.61676836971
1.59156087360
1.62760978334
1.52673647304
1.48678798278
1.52234877865
1.50080802426
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Table 3. —6' (0) numerical values for variations of Pr, Le, Nb, Nt and Du

Pr Le Nb Nt Du —6 (0)

0.71 0.3 0.1 0.3 0.5 0.86876093034

1.00 0.84730467095

7.00 0.82768715745

0.5 0.82678457360

0.8 0.79679802854

0.3 0.89576873480

0.5 0.91657606134

0.6 0.90346587045

0.8 0.92789609526

0.8 0.89567650735

1.2 0.91867015609

Table 4. —¢/ (0) numerical values for variations of Nb, Nt, Sr, Sc and §

Nb Nt Sr  Sc 5 —¢ (0)

0.1 0.3 0.5 0.22 0.5 1.10697968133

0.3 1.05756017526

0.5 1.00665790591

0.6 1.13013560946

0.8 1.16176076334

0.8 1.12460736076

1.2 1.15786508765

0.30 1.02676827003

0.66 0.98476087634

1.0 1.06576036453

1.5 1.03866927965

o Velocity profile shows reduction due to an increase in magnetic field due to Lorentz forces are big reason behind the
resistance in motion of fluid particles.

« The velocity profiles falls down for variations of v, and the reverse effect is observed in the case of y;.

o The velocity profiles decrease with increasing values of the Porous medium parameter.

o Prandtl number shows the reduction in temperature due to the inverse relation of Prandtl number and thermal diffusivity.

o By increasing the Thermophoresis parameter, the temperature increases and the nanoparticle volume concentration
increases as the Thermophoresis parameter increases.

o Through increasing the Brownian motion parameter, the temperature increases and the nanoparticle volume
concentration decreases.

o As Schmidt number increases, the nanoparticle volume concentration decreases.

o The continuous values of the Chemical reaction parameter § serve to diminish the profiles of concentration.

5 Nomenclature:

List of Symbols:
u,v: Velocity components in xand yaxes respectively (m/s)
x,y: Cartesian coordinates measured along the stretching sheet (m)
f+ Dimensionless stream function
f': Fluid velocity (m/s)
Pr: Prandtl number
C: Fluid concentration (mol/m3)

C.o: Dimensional ambient volume fraction (mol/m?)
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T': Fluid temperature (K)
Cf: Skin-friction coefficient
T..: Temperature of the fluid far away from the stretching sheet (K)
M: Magnetic field parameter
B_: Uniform magnetic field
Le: Lewis number
C,,: Dimensional concentration at the stretching surface (mol/m?)
Nu: Rate of heat transfer coefficient (or)
Nusselt number
Sh: Rate of mass transfer coeflicient (or)
Sherwood number
C,: Specific heat capacity of nanoparticle material
Nb: Brownian Motion parameter
Nt: Thermophoresis parameter
D g: Brownian diffusion coefficient
Dy Thermophoresis diffusion coefficient
a: Positive real number
u,,: Stretching velocity of the fluid along
x - direction (m/s)
Du: Diffusion thermo (or) Dufour number
Sr: Thermal diffusion (or) Soret number
C,: Concentration susceptibility
K 1: Thermal diffusion ratio
D,.: Solutal diffusivity of the medium

m
T,,: Fluid Mean temperature
O: Origin

q.,: Heat flux coefficient

Gy, Mass flux coefficient

Re,: Reynold’s number

k*: Dimensional permeability parameter

K: Permeability parameter

Kr: Dimensional chemical reaction

Sec: Schmidt number

T,,: Fluid mean temperature

Greek symbols:

Dimensionless similarity variable

Dimensionless temperature (K)

Nanofluid thermal diffusivity (m?/s)

Kinematic viscosity (m?/s)

: Dimensionless nanofluid
concentration (mol/m?)

p: Density of the fluid

o: Electrical Conductivity

w: Dynamic viscosity of the fluid, (Pascal-second)

x: Thermal conductivity of the fluid,

(W / (m- K))

~;: Deborah number for relaxation time

~5: Deborah number for retardation time

A;: Relaxation time

Ayt Retardation time

: Shear stress

1: Stream function

0: Chemical reaction parameter

€ IR P
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Superscript:

/: Differentiation w.r.t n
Subscripts:

f+ Fluid

w: Condition on the sheet
oo: Ambient Conditions
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