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Abstract: This article analyses the numerical flow of three-dimensional of an electrically conducting,
incompressible, and slip has been used to study viscous nanofluid flow, motion of Brownian, and effects of
thermophoresis. This study was executed in the presence of Brownian motion ,slip and thermophoresis effects. When
a magnetic field is produced, a surface that can be stretched and is permeable that also induces flow can conduct
electricity. Through the use of the essential modifications, system of partial differentials that is not linear may be
turned into system of an ordinary differential. After completing any necessary transformations of self-similarity, the
governing equations are next subjected to a numerical solution with the assistance of the finite element method.
Graphs are applied in the process of explaining the effect that the non-dimensional regulating factors have on velocity,
temperature,and concentration profiles. Calculating and displaying the skin-friction coefficients, Sherwood number,
and Nusselt number may all be done with the help of tables. The latest results, it is determined, display a significant
deal of consistency with the conclusions of the earlier examinations, notwithstanding some unique situations.
Keywords: Slip effects; Three-dimensional; MHD; Nanofluid; Stretching sheet; Finite element method;

Nomenclature:

List of Symbols: f':  velocity of along x — axis (m/s)

U, v, W: Velocity components (m/s) X, y, and z g: Function along the direction of y
axes, respectively. Dimensionless stream (kg / m. s)

X, ¥, Z: Measurements made using Cartesian g': Alongy - direction Fluid velocity (m/s)
coordinates along the stretched sheet (m) Pr: Prandtl number

f :  Along x - direction Dimensionless stream T: Fluid Temperature (K)

function (kg / m. s) Surface Temperature (K)
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B, :  Uniform magnetic field (Tesla)

M:  Magnetic field parameter

Fluid Temperature of the Stretching

Sheet's Distant Fluid (K)

cf:  coefficient of Skin-friction along x-

direction (s™)

u,, (x): Stretching of fluid velocity along
x-direction (m/s)

v, (Y): Stretching fluid velocity along

y - direction(m/s)

Nu: Rate of Heat transfer coefficient (or)

Nusselt number

Sh: Rate of Mass transfer coefficient (or)
Sherwood number

C,: Nano particles Specific heat capacity
(J/kg/K)

a: Constant

Re,: Reynolds number

C:  Volume concentration Fluid nanoparticle
(mol/m?)

C_: Volume fraction of Dimensional ambient
(mol/m?)

Nb: Parameter of Brownian motion

Nt: Parameter of Thermophoresis

A Coefficient related to stretching sheet

Le: Lewis number parameter

p: Pressure (pa)

D,: Coefficient of Brownian diffusion

(m?/s)
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d:
f,:
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Nanoparticle with dimensions volume
concentration at the stretching surface
(mol/m?)

Velocity power index parameter
Coefficient of Thermophoresis diffusion
(m?/s)

Parameter for slip in dimensional velocity
Temperature jump in the parameter
dimension

Parameter Dimensional concentration
jump

Dimensionless velocity slip as a parameter
Jump parameterDimensionless temperature
Jump parameter for concentration without

dimensions
Coefficient Thermal accommodation
Coefficient Concentration accommodation

Maxwell’s reflection coefficient

Greek symbols:

n:
o

<

Dimensionless similarity variable (m)

Dimensionless temperature (K)
Kinematic viscosity (m? / s)
Electrical Conductivity

Fluid Dynamic viscosity

Fluid Thermal conductivity
Fluid Density (kg /m®)

Effective heat capacitance

Ratio of specific heats
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b At the stretching surface Nanoparticle Superscript:

volume concentration (mol/m3) g Derivative w.r.t z

At Wall thickness parameter Subscripts:
ks.  Boltzmann constant (J/K) f: Fluid
&1 Mean free path (constant) w:  condition of the sheet

£ Mean free path (constant) o0 Ambient circumstances

&,: Mean free path (constant)

1. Introduction:

An electrically conductive fluid when a magnetic field is applied, MHD forces are produced as a result of
electric currents being induced in one another and the applied magnetic field. In the great majority of
manufacturing and production procedures, such as crystal, pumping, and metal casting formation, and the
cooling of fission reactor circuits, magnetic fields are used. Uddin and Kumar [1] examined the flow of a
micropolar fluid through a wedge and the effects of ion-slip and Hall depending on the boundary layer's
thickness. Makinde and Mutuku-Njane [2] have examined the flow of a nanofluidic boundary layer with
MHD across a Newtonian heating and pores on the surface. Their results are available in [2]. Recent study
by Ablel-Rahman [3] examined the influence of MHD as well as the mass transfer flow over a porous
substance. Abdelmeguid and Seddeek [4] evaluated explained the results of ion-slip currents and Hall
currents' effects on the boundary layer studies on a horizontal plate's steady magneto-micropolar fluid.
Additionally, they discussed the boundary layer's consequences. Ahmed and Batin [5] studied MHD
movement via porous media by considering the magnetic field effects that is produced and viscous
dissipation together. Ram [6] examined impacts of Hall and ion slip currents on MHD spinning free
convective heat-generating flow. Jha and Apere [7] examined the unsteady MHD Newtonian fluid in the
between two parallel spinning plates, a couette flow occurs.. They analysed the flow while accounting for
ion-slip and hall currents. Sharma et al. [8] investigated the radiation effect on MHD flow when channelled
via an accelerating vertical plate. Oztop and Abu-Nada [9] did research on the computational examination of
naturally heated air through convection, nanofluid-filled rectangular enclosures. Reddy et al. examined in
the presence of ohmic heating the effects of thermal and mass diffusion on MHD flow in their work [10].
Seddeek [11] examines the effects of Hall and ion-slip currents, as well as heat transfer and stretching with
suction and blowing, on magneto-micropolar fluid across a non-isothermal sheet. In the setting he does this

with suction, blowing, and a non-isothermal stretched sheet.. Sara and Bhatti [12] examined the unstable
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magnetohydrodynamic (MHD) non-Newtonian nanofluid moving peristaltically containing chemical
reaction, ion and Hall slip currents. In their work [13], Jitendra and Srinivas examined of lon slip and Hall
effects on an unstable a spinning fluid's crossing a vertical plate with natural convection moving at an
increasingly faster pace. Ibanez [14] studied magnetohydrodynamic flow in a porous channel while taking
into account the condition of a convective barrier. Formation of entropy was another subject of his studies.

Aziz [15] identified the similarity solutions on a boundary condition on a flat plate for convective surfaces.

When nanofluid is added to a stretched sheet, a boundary layer flow happens. This is a major type of
flow. This is because it is used in a lot of different fields, like polymer engineering and metallurgy. This
course covers topics like the petrochemical industry, polymerization, polymer structure and characterization,
polymer properties, polymer compounding and processing, and an overview of the most important polymers.
Researchers have been putting a lot of time and effort into studying nanofluids lately because they have
better thermal properties. Nanoparticles, which can be carbon nanotubes, oxides, carbides, or metals, are
mixed in with the basic liquid to make these fluids. The nanoparticles can come in many different shapes
and sizes. Ethylene glycol, water, and oil are all examples of basic fluids that people usually use. The main
advantages of using nanofluids instead of the thermal conductivity of the base fluid is that, and coefficient
of convective heat transfer both go up. Nanomaterials can transfer heat more efficiently, which makes them
a good choice for meeting the growing needs of modern technology in places like power plants, the chemical
industry, and microelectronics. In many applications Magneto-nanofluids are used, such as optical switches,
tunable optical fibre filters, optical modulators, and magneto-optical wavelength filters. metallic
nanoparticles can be used to treat cancer, sort things into those that sink and those that float, and in
biomedicine. Nanofluids have many different uses in the field of biomedicine. For example, they can be
used to treat hyperthermia, separate cells using magnets, deliver drugs, and improve contrast in MRIs. A lot
of research has been done on the flow of nanofluids with many different kinds of properties. Khan et al. [16]
looked at how a nanofluid flows continuously in three dimensions over a surface that is stretched in a way
that is not linear. This was done when there is thermophoresis and Brownian motion and. Hayat et al. [17]
looked at an unstable magneto-nanofluid that had two layers of stratification. They did this by stretching a
sheet at an angle. Ferdows et al. [18] looked at how the nanofluid moved across the plate and how heat was
made. Sravan Kumar et al. [19] used MHD to study and analyse the data that was collected after putting a
water-based nanofluid with three distinct nanoparticles is flowing across a vertical panel that stimulated
numbers. Reddy et al. [20] did an experiment to find out how radiation affects the nanofluid mass and heat
transfer past a material-embedded vertical plate that absorbs radiation. Hussain et al. [21] did research that
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looked at how radiation affected the MHD nanofluid as it moved through a medium that absorbed it. Anjali
Devi and her colleagues [22] did research on how nanofluids move across an angled plate based on the
Blasius and Sakiadis model. Lin et al. [23] made a model for heat transmission and MHD pseudo-plastic
nanofluid flow instability in a finite thin sheet with internal heat production over a stretched surface. This
model was used to study heat transmission and MHD pseudo-plastic nanofluid flow that is erratic in a finite
thin sheet with internal heat production. When Farroq et al. [24] looked at the MHD stagnation point flow,
they focused on a nanofluid that was viscoelastic and could cause non-linear radiation effects. Hayat et al.
[25] looked at the two-dimensional Williamson nanofluid MHD flow with surface melting heat transfer that
thickens and thins in a nonlinear way. Nadeem et al. [26] looked at how partial sliding affected the a
nanofluid's stagnation point at the edge of a stretched surface under a boundary condition for convection.
Hayat et al. looked at the impact of a convective boundary condition and a three-dimensional flow of a
magnetic field across a surface that was not stretched in a straight line in their paper [27]. Lopez et al. [28]
looked at the MHD nanofluid flow with increased entropy in a convective-radiative boundary-condition
microchannel that is vertically porous. A vertical microchannel was used to do this work. Rajesh et al. [29]
did research on the analytical a method of scaling the wall temperature and thermal radiation while
conducting flow of MHD hybrid nanofluid over an infinite vertical plate. Siavashi and his researchers [30]
on An annulus that is heated on both sides can transmit heat more efficiently by using forced convection in a

porous material.. This is accomplished by placing nanoparticles within the base fluid and adding them there.

The objective of this article, which was motivated by the aforementioned research, is to examine
the consequences of flow in an electrically conducting fluid with respect to velocity, temperature, and
concentration slips, incompressible, steady, three-dimensional Thermophoresis and Brownian motion
phenomena in nanofluid, and a magnetic field. The temperature ,velocity, and concentration slip conditions
in a nanofluid flow may have an important effect on the rate of heat transfer and nanoparticles motion.
Mathematical models of the flow phenomena are developed using the fundamental principles of motion. The
Ordinary derivable equations are created from controlling partial derivable equations. via similarity
transformations. The simplified differential equations that are linked together is ultimately resolved
numerically the use of the finite element method. To determine the impacts of various physical
characteristics, a thorough parametric analysis is conducted using graphs and numbers. When the data were

compared to what had already been published, it became clear that they were remarkably similar.
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2. Flow Governing Equations:

1-n
u, =a(x+y+z)?2

Fig. 1. Flow geometry

In this present research manuscript,electrically conductive fluid flowing in three dimensions,incompressible,
viscous nanofluid flow toward a stretched sheet when thermophoresis is present., Brownian motion, slip and
Magnetic field effects are studied. The flow of geometry is as demostrate in the Fig. 1. For this research, the

following assumptions are made:

1-n
a) The stretched sheet's varying thickness might be characterised as z = A(x+ y+ Z)T .

1-n
b) Itis also supposing that the stretched sheet's s velocity is u,, = a(x+ y+ 2)7 and this appliesto n =1

thus n - 1 relates to the situation for a flat sheet.

c) Itis to disregard the magnetic field created, the magnetic Reynolds number was thought to be as low as
feasible..

d) With in this work, the authors have decided to consider the of Brownian motion and thermophoresis
impact of a powerful magnetic field B, is used to the flow.

The governing equations as per the above assumptions, are given as follows

Continuity Equation:

%J + % + ;—a\;\l =0 1)
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Momentum Equations:

ou ou ow ou) (oB?
U — |+V| — [+W| — [=V| — |~ u (@)
OX oy 0z 0z Ps
ou ou ow ov) [ oB?
Ul — |+V| — |[+W| — |=V| — |- Vv 3)
OX oy 574 oz yor
Equation of thermal energy:
2 2
u(ﬂj+v a +W(ﬂJ:L g +7 D8ﬂ§+&(£) 4
OX oy oz pC,\ oz oz oz T, \oz
Equation of species concentration:
2 2
(E)or[ Lo E)en, (28] 2(2T) ©
OX oy oz oz T \oz

The boundary conditions for this flow are

u=uw(x)+rf(g—lzjj,v:vW(x)+hf(%j,T:TW(x)+h;(%], C=CW(X)+h;£%j at z=0 ©)
u—>0,v—->0T—->T,6K C>C, asz—ow
where
. 2-1 tn KT
= X+y+z)z, &= :
] e
. [2-b tn 2y &
e L& =| L |2
=1 7 }fz(XJFerZ)Z S L/JFJPr @
. [2-d n 2
hS:_T:|é:3(X+y+Z)2 ' §3Z|:}/_j_/l:|%1
1-n
B(x)=B,(x+y+z)2,
1-n
u,=a(x+y+z)z,
v, =a(x+y+z),
C
——('D p)S, for n#1 (8)
(pcp)f
1-n
T, =T, +T,(x+y+z) 2,
1-n
C,=C,+C,(x+y+z)2,
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The authors converted the governing equations into ordinary differential equations and introduced the
following similarity transformations.

- T-T, c-C,
u=a(x+y+z) f'(n), 6= T T ¢— C.(¥-C

n 1 Ln
V:a(x+y+z) g'(n), 77_2[ %J(Xﬂ-y‘{‘Z)Z , (9)

v P ey ) [ st S o)

Equation of continuity is identically satisfied and Egs. (2), (3), (4) and (5) take the following form, making
use of Eq. (9)

n+1 n+1 n+1
7 _nf'2 —nf fio| 2P gf —Mf =0 10
(2j g+(2j+(2jg (19
0"+ NbO'g' + Ntg'? (1 ”jp ro— (1 anrg’9+(1_—anrf¢9’+(1_—anrg¢9':O (12)
1+n 1+n 1+n 1+n
Nb¢"+Nt6’”+Ler( ij) NbLe( quﬁ NbLe[ quﬁ +NbLe( ]gqﬁ_ (13)
1+n 1+n 1+n

and the corresponding boundary conditions (6) becomes

(0= 412 [enr (0], 0(0)=2( -1 Jlrng @),

F(0)=1+h°(0), 9(0)=1+hg"(0), a
6(0)=1+h,6'(0), ¢(0)=1+hy'(0),
() =0, §'()=0, (=) =0, ()0

here the involved physical parameters are defined as

, c 1 D.(C — D (T,-T
M:GBO,PI’:'U 04— (n+)a’Le: Vb=t s (C, Coo), T (T, m)’ (15)
pa K 2v Ds (ﬂcp)f Tw(”cp)f

After non-dimensionalization, the coefficient of skin-friction, local Nusselt, and Sherwood numbers are

provided for engineering concern
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n+1 1 ’n+l 1
Cf =2,|—. . f"(0), Cf =2,/]—-. .9"(0
X 2 Rex ( ) y 2 ’Rey g ( )

(16)
Nu=—/""1 /Re,.0'(0), sh=- nTﬂ.,/Rex.¢’(0)
Where F{‘axzux(x)(x+ y+2) & Rey:VX(X)(X+ y+2)

are local Reynolds numbers.
v

\%

3. Solution Method by Finite Element Method:

Finite Element
Method

Implementation

Update the initial
of boundary

guess

conditions
Discretization of

Domain

Solutions of Convergence
Initial guess for System of criteria is
Newton’s method equations achieved?

Derivation of

element equations

Post processing

Assembly

Fig. 2. Finite Element Method flow chart
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Using the finite element technique to solve ordinary derivable equations and partial derivable equations is
a highly efficient way of solving differential equations. As previously stated, the finite element technique is
predicated on the notion of subdividing the domain into smaller pieces with finite dimensions, which are
referred to as finite elements in this context. This is the most adaptable numerical approach known for
engineering analysis at the time of this writing. It has been used to a broad variety of phenomena, including
heat transport, Chemical reactions, electrical systems, acoustics, solid mechanics, and rigid body dynamics,
and fluid dynamics to name a few examples. As seen in Fig. 2, utilising the finite element approach. In order
to do these are the steps involved in finite element analysis must be completed:

e Domain discretization into constituent parts: Using the whole a limited number of subintervals
are created from the interval using the finite element discretization, with each of these being referred
to as an element.

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

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

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

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

c) This matrix is formed by interpolating polynomials and is referred to as stiffness matrix.

e Putting together and solving equations: It is necessary to build all algebraic by requiring inter-
element continuity in equations requirements on the elements of each equation. It is possible to
develop by combining a higher number of algebraic equations, the entire domain is created.by a
global finite-element model of

e Implementation of limit conditions: It is necessary to impose the equations' boundary conditions
for the flow model that have been constructed.

There are a variety of numerical approaches that may used to resolve built-in equations, including the Gauss
elimination approach, the Factorisation LU method, and others, to solve the created equations. It is vital to
remember the form functions that are used to approximate real functions while working with real numbers.
The whole a flow domain is separated into 10,000 sub-domainssimilar-sized quadratic components, with
each component consisting of three nodes, for a total of 20,001 nodes in the domain. The 10,000 separate

flow domains are used.similar-sized quadratic components. Following the creation of element equations, we
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obtained a total of 80,004 non-linear equations for analysis. Following the application With a precision of
0.00001, Gauss elimination method is used to solve the remaining system of nonlinear equations using a
numerical method. The integrations are solved with the help of the Gaussian quadrature that has been
applied. The method's computer software was written in the MATHEMATICA programming language and

ran on a desktop computer.

4. Program Code Validation:

Table-1.: comparing current finite element technique findings to previously published
Khanetal. [31] forhy =h,=h3=M=Le=1=0

Pr | Current Nusselt number results | Results of Nusselt number Khan et al. [31]
7.0 | 2.39552013258100236889742 2.404797

13.0 | 2.69820114752365487520586 2.705551

25.0 | 3.27952114397690296349476 3.287794

50.0 | 4.10085629627341379938934 4.115197

100.0 | 5.32967698333289743987693 5.336685

For program code validation, table-1 compares the current Nusselt number (heat transfer rate) results
determined by finite element approach to those previously reported by Khan et al. [31] combining the
shooting technique with the Runge-Kutta integration method of fourth-to-fifth order in the absence of
thermal radiation ,magnetic field, and Prandtl number impacts on the absence of slip parameter Velocity
slip, jump parameter of Temperature, Concentration, Wall thickness parameter and Magnetic field effects.
This table reveals a sturdy association between the present findings and those obtained by Khan et al. [31],
as previously settled results.

5. Results and Discussion
1.0F

0.8t

0.6 AM=0.1,0.5. 009,12

FAL)

Fig. 3. Velocity profiles f'(r) for variations of M
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In this section, the general computations have been executed to investigate the impact of the various
physical parameters namely M (Magnetic field Parameter), Pr (Prandtl number), Nt (Thermophoresis
parameter), Nb (Brownian motion Parameter), Le (Lewis number), 4 (Parameter of Wall thickness) and n
(Velocity power index parameter) are presented through Figures 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, &14 for
dimensionless profiles of velocity, concentration and temperature. Also, the same parameters effects are
discussed on quantities of engineering namely Skin-friction coefficient, Nusselt number (heat transfer

coefficient rate), Sherwood number (mass transfer coefficient rate) are discussed with help of numerical

values in tabular forms. Figs. 3 and 4 design the velocity profiles f'(7) and g'(7) for different values of

M (Magnetic field parameter). Observations show that fields of velocity f'(7) and g’(77) decline when the

value of M increases. As a result of the fluid's tendency to flow more slowly when there is an applied

magnetic field, the heftiness of the velocity and momentum boundary layers tends to decrease.. The

influence of n (Velocity power index parameter) on profiles of velocity f’(n) and g'(n) are discussed in

Figs. 5 and 6. From these two figures, Observations show that the profiles of velocity f'(7) and g'(77) are

increasing as n increases in value (Velocity power index parameter).

1.0F
0.8}

0.6}

M=0.1,05.09,12

g'im

0.4}

n
Fig. 4. Profiles of Velocity g'(7) for variations of M
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S

n=05,08 1215

Fig. 5. Velocity Profiles f'(z) for variations of n

n

1.0F
0.8}

0.6f

gl

041

n=05,0812 1.5

Fig. 6. Velocity Profiles g’(7) for variations of n

n

1.0F
0.8}

0.6}

S

04f

=
o

A=05,08,12 1.5

Fig. 7. Velocity Profiles f'(r) for variations of 4

—
o

n
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— 06l
= A=05.08.12.15
o4}
0_25
0.0k e . ;
0 1 2 3 4
n

066 Pr=0.71, 1.0, 3.0, 7.0

&)

=
o

U_fj; Nt=0.1,03,05,0.8

=
o

Fig. 10. Temperature profiles 8(1) for variations of Nt
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Nt=01,03,05,08

10— AR

0.8}

Nb =0.1,0.5, 0.8, 1.0

0.6}

(1)

0.4}

Fig. 12. Profiles of Temperature 6(7) for variations of Nb

1.0F
0.8}

0.6}

Nb=10.1,0.5,0.8. 1.0

4)

2
(=
e

0 1 2 3 4 5 &
)

Fig. 13. Concentration profiles ¢(77) for variations of Nb
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Le=0.3,07,09 1.0

Fig. 14. Profiles of Concentration ¢(7) for variations of Le

Table-2.: Numerical values of Skin-friction coefficient Cf, for variations of M, Pr, Nt, Nb, n, A and Le

M

Pr

Nt

Nb

Le

Cf

X

0.1

0.71

0.1

0.1

0.5

0.5

0.3

1.758662015478899

0.5

0.9

1.00

7.00

0.3

0.5

0.5

0.8

0.8

1.2

1.694349691625319

1.676981348483593

1.678787308591813

1.659748399843473

1.780374183498384

1.804646034033647

1.775691347863989

1.790374298343794

1.786587418734738

1.804687519833439

0.8

1.725696923983984

1.2

1.703255479837383

0.7

1.716743899389843

0.9

1.698878789782878
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From Figs. 7 and 8, the authors have discussed the velocity variations profiles f'(7) and g'(7) for
different values of 4 (Parameter of Wall thickness) through curves. The profiles of velocity f'(7)

and g’(n) from these two pictures are in decreasing as the values of increase 4 (parameter Wall thickness).

Fig. 9 shows the impact of Pr (Prandtl number) on the temperature of fluid. The fluid's temperature gradient
reduces as Pr's value rises. The momentum diffusivity rises and overtakes the thermal diffusivity as Pr rises.
The fluid's velocity is high enough to aid in the fluid's ability to transfer heat. This accelerates the rate of
heat dissipation and thins the boundary layer.. From Figs. 10 and 11, it is observed that with the rising
values of Nt (Parameter of Thermophoresis)the temperature and concentration profiles are increases.
Generally, Thermophoresis parameter aids in determining the thickness of temperature and concentration
distributions' boundary layers.. As significance, raised the both profiles . Also, the authors have scrutinized
from Figs. 12 and 13 that ascending in the Nb (Parameter of Brownian motion) lowers the concentration
fields and raises the temperature. In actuality, not all nanoparticles have equivalent thermophoresis and
Brownian motion coefficient values. This proves the physical scenery of Nb. Fig. 14 on the dimensionless
concentration profiles depicts by the influence of the Lewis number (Le). The ratio of thermal and mass
diffusivity is defined by the dimensionless Lewis number . The thermal boundary layer thickness is
increased by increasing the value of Le, whereas, the boundary layer thickness is decreased due to the
nanoparticle volume concentration.. The effects of engineering parameters such as M (Parameter Magnetic
field), Pr (Prandtl number), Nt (Parameter of Thermophoresis), Nb (Parameter of Brownian motion), Le
(Lewis number), A (Wall thickness parameter) and n (Velocity power index parameter) on Skin-friction

coefficient Cf, is discussed in table-2. From this table, it is observed that with increasing values of Nt
(Thermophoresis parameter)the skin-friction coefficient Cf, is increases, Nb (Brownian motion parameter),
n (Parameter of Velocity power index) and Cf, decreasing with increasing values of M (Parameter of

Magnetic field), Pr (Prandtl number), Le (Lewis number) and A2 (Wall thickness parameter). The effects of
engineering parameters such as M (Magnetic field parameter), Pr (Prandtl number), Nt (Parameter
Thermophoresis), Nb (Brownian motion parameter), Le (Lewis number), 4 (Wall thickness parameter) and n

(Velocity power index parameter) on Skin-friction coefficient Cf, is discussed in table-3. From this table, it
shows that the skin-friction coefficient Cf, is growing with rising values of Nt (Thermophoresis
parameter), Nb (Parameter of Brownian motion), n (Velocity power index parameter) and Cf  declining

with growing values of M (Parameter Magnetic field), Pr (Prandtl number), Le (Lewis number) and A (Wall

thickness parameter).
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M

Pr

Nt

Nb

Le

Cf

y

0.1

0.71

0.1

0.1

0.5

0.5

0.3

0.586794720895124

0.5

0.9

1.00

7.00

0.3

0.5

0.5

0.8

0.8

1.2

0.557412585156631

0.529987418529654

0.537884107679873

0.506758234798312

0.626789983170608

0.647857987289283

0.612342938057985

0.637898524674592

0.614475939874437

0.638938734982384

0.8

0.567898718457846

1.2

0.540930347817758

0.7

0.550948573187302

0.9

0.538787654048956

Table-4.: For different values of Pr, Nb and Nt, rate of heat transfer coefficient Nu

Pr | Nb | Nt Nu
0.7110.1| 0.1 | 0.478889398493848
1.00 0.435906262737472
3.00 0.408980795827139

0.5 0.519841564239839
0.8 0.535987064317699
0.3 | 0.500934798738931
0.5 | 0.529843891964392

values

Table 4 shows the numerical rates of heat transfer coefficient in terms of the Nusselt number for

various values of Pr (Prandtl number), Nt (Parameter of Thermophoresis), Nb (Parameter of Brownian

Eur. Chem. Bull. 2023, 12(Special Issue 4), 13142-13163
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motion). Increasing values of Nt (the thermophoresis parameter) and Nb (the Brownian motion parameter)
cause the rate of heat transfer coefficient to progressively increase, but increasing values of Prandtl number
(Pr) have the opposite effect. Table 5 shows the numerical rates of mass transfer coefficient in terms of
Sherwood numbers for various values of Le (Lewis number), Nt (thermophoresis parameter), and Nb
(Brownian motion parameter). Increasing values of Nt (the thermophoresis parameter) and Nb (the
Brownian motion parameter) cause the rate of mass transfer coefficient to progressively increase, but

increasing values of Lewis number (Le) have the opposite effect.

Table-5.: Values for different values of Le, Nb and Nt ,rate of mass transfer coefficient Sh

Le | Nb| Nt Sh

0.71] 0.5 0.308798465818468
1.00 0.257698731984770
3.00 0.236793873948793
0.5 0.266981398739209

0.8 0.240983647637426

0.3 | 0.336793418798748

0.5 | 0.350987398743366

6. Conclusions:

In this current research work, RK method implements measures to provide the nanofluid parameters
numerical solutions in three dimensional flow. In order to evaluate the impact of well-known fluid
characteristics on the flow of nanofluid through three-dimensional structures, numerical solutions are

utilised. The results are:

a) Superior values of M and 4 falls down the profiles of velocity f'(7) and g'(7).
b) Increase in values of f'(77) and g’(77) has been observed for better values of n.

c) Temperature 9(77) profiles minimizes by advanced Prandtl number. On the other hand, opposite trend

is observed for domineering fluid parameter rs Nb and Nt.

d) Profiles of Concentration ¢(77) extended for Nt and reduces for Nb and Le.

e) Finally, comparison of present research work with Khan et al. [31] is considered for limited values of

these parameters.
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