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can be transformed into nonlinear ordinary differential conditions using proper similitude adjustments. It is possible to acquire numerical

solutions for a set of transformed equations that were created from a physical model using the Runge-Kutta method with MATLAB programming.

The implications of several other non-dimensional properties are also being studied. In fluid flow, many applied slip models are defined by

researchers, like slip model (first-order also known as Maxwell slip model, the 1.5-order slip model, the FK model, and the second-order slip

model. The wall's slip velocity boundary condition is created by adding the bulk velocity expansion to the wall collision molecules' tangential

momentum transfer rate, which is then matched to the area's wall shear stress.
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INTRODUCTION

Due to its industrial applications, fluid flow and heat
transmission in porous media have garnered a lot of attention in
recent years, like filtration, purification, blood flow models, bio-
fluid, steel rolling, oil extraction, atomic power plants, the
petroleum industry, and underground water resources, among
others.? Also, in the petroleum and geothermal industries, the
transport qualities of fluid-saturated porous materials are critical.
Natural porous materials like soil and cracked rocks are settled with
fluid, which migrates and transports the fluid through the material
under the effect of local pressure gradients. Scientists and
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researchers are interested in porous media not only because of their
structure but also because numerous methods are being used to
improve their efficiency and rate of heat transfer.2* One strategy for
increasing the rate of heat transfer is to enhance fluid’s conducting
qualities. In fluid flow problems, there are two types of slip
circumstances to consider: slip condition and no-slip condition. A
no-slip boundary condition states, when no relative motion exists
between the walls and the fluid. However, this condition does not
apply to all surfaces.

Some surfaces, such as those affected by the flow of polymeric
liquids, have liquids that slip against the walls. The slip condition,
also known as the Navier condition, is extremely important in
lubricating, medical-sciences, artificial heart valve polishing, and
biological fluids. There was a lot of effort put forth by scholars on
MHD fluid flow problems in slip situations. Ahmed et.al. explored
the viscous flow problem of incompressible fluid on a stretched
surface in a boundary layer.* He classified the variable thermal
conductivity suction parameter's effect on the field of temperature
into two components: the specified temperature of surface and the
advised heat flux® of stretched surface. Aman et.al. investigated the
influence of 2"-order slip from MHD flow of a fractional Maxwell
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fluid on a moving plate, two numerical approaches are compared,
and a semi-analytical solution using the Laplace transform is
provided.® Bhargava et al. explained flow of micropolar fluid across
a nonlinearly stretching-surface.” Using a stretching sheet, Choi
was a pioneer in the use of nanoparticles in nanofluids, having done
so in the 1980s.°

Cortell et.al. examined two cases of flow of viscous fluid across
a non-linear stretching surface: the CST and the PST.® Under slip
conditions, Fang etal. investigated the flow of
magnetohydrodynamic (MHD) on a linear stretched surface
contained in the porous material.® Gangadhar et al. used
computational approaches to investigate the effects of the influence
of varied suction/injection and viscous dissipation on boundary
layer flow. Gangadhar et al. used the spectrum relaxation method
to analyse the characteristics of unsteady flow of nano-fluid
boundary layer.1+1?

An investigation into the flow of magnetic hydrodynamic, a
Jeffrey liquid using radially nonlinear stretched surface have been
done.*® Newtonian and Joule heating are the two main types of heat
transfer. An exponentially stretched sheet with slip conditions was
studied by Hayat et al. in their study of unsteady MHD flow.*
Jauhri and Mishra investigated the dual solution of boundary layer
flow with mixed convection under second-order slip boundary
conditions.® Nano fluid boundary layer flow across a nonlinear
permeable stretching sheet in case of partial slip conditions
predetermined ambient temperature was numerically explored.*®

Kang et al. used to examine the enhancement of the thermal
conductivity of nanofluid under a transient hot-wire, instead of the
true volume the estimated volume of nanoparticles was employed.*’
Li Yi et al. studied the heat and mass transfer rates in MHD
Williamson nanofluid flow across an exponentially porous surface
by experimentation.'® Two alternative heat transfer conditions have
been analyzed: Prescribed exponential order heat flux (PEST) and
prescribed exponential order surface temperature (PEST). Rafique
et al. examined the effects of radiation and Soret on a tilted stretchy
sheet, which is the focus of this research.’® Brownian motion and
thermophoretic effects are taken into account in Buongiorno's
model.

Gangadhar et. al. investigated the study of, mass transfer, heat
transfer qualities in boundary layer motion about a stretched surface
in a porous material equipped with Al,O; (water-based nanofluids)
and TiO; (water), with variable suction or injection effects that were
numerically examined.?’ Three types of flows in porous material
can be classified using the Reynolds number. Inertial effects
predominate in the transition between the Darcy and Forchheimer
regimes, which occurs when the laminar and nonlinear regimes
meet, creating a rough range described by Zeng.?! The persistent
MHD boundary layer zero motion point flow of an incompressible,
dense, and electrically conducting liquid past an
expanding/constricting sheet with the influence of an induced
magnetic field is studied by Junoh.?? Heat conductivity was covered
by Kang et al in numerical and exploratory investigation of
nanofluids.’” Khanafer et al. analysed of the heat transfer behaviour
of nanofluids inside a sealed space took high molecule scattering
into account.?® Numerous people believe that nanotechnology will
be one of the key forces behind the next significant mechanical
revolution of this century, after the work of these innovators. It
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refers to the crucial mechanical front line being investigation at the
moment. It aims to regulate the issue's subatomic structure with the
goal of development in essentially every industry and open
undertaking, such as organic sciences, physical sciences, hardware
cooling, transportation, the earth, and national security, among
others. On a stretching sheet of nanofluid, Khan & Pop numerically
examined the laminar fluid flow problem on a flat surface.?* Over a
stretching sheet, Kumaran et.al. studied on viscous incompressible
flow.?® He used a quadratic polynomial of the distance from the slit
to represent the velocity in his paper, and the sheet is subject to a
linear mass flux. Kuznetsov & Nield performed an analytical
analysis of the flow of a nanofluid past a vertical plate in a normal
convective boundary layer.?® Moreover, describe the effects of
thermophoresis and Brownian mobility. Malavandi et.al. studied
various types of nanoparticles on a sheet that was contracting and
expanding with a stagnation point flow.?” According to Merkin an
exothermic surface reaction may be affected by a stagnation-point
stream on an extended or contracting surface.?® The boundary
parameter, which is an estimation, estimates the surface's velocity
in relation to the external stream. Mishra et al®® explored the
"Axisymmetric" stream of a viscous incompressible liquid over a
narrowing vertical surface while taking into account the boundary
conditions of first-order heat slip and second-order momentum
slip.® When there is a temperature difference between the sheet and
the surrounding liquid, Mishra et al explanation of the boundary
layer flow and heat transfer of an incompressible liquid along a
vertical temperamental extending sheet in a tranquil liquid is
introduced.®® Myers et.al. has experimentally shown the impact of
various heat & mass transport parameters on nanofluid.3! Nadeem
et al numerical study of the Maxwell fluid's heat transfer to a
stretching sheet.®? With the base surface of the sheet being warmed
by convection from a hot liquid, Ramesh et.al. consistently
generated a 2D boundary layer stream of a thick, dusty fluid across
a stretching sheet.® The thermal effect of radiation and a magnetic
field across an inclined vertical plate was studied by Reddy et al.3*
The equation of momentum for boundary layer flow across a
stretching sheet was solved by Siddappa et.al. after researching the
crane's flow problem in the visco-elastic fluid of Walter's liquid
model.® A porous medium over an impenetrable stretched surface
with resistive heating and heat production or absorption was
explored by Subhas et.al. along with the features of visco-elastic
fluid flow and heat transmission.® Wang looked into the crane's
paper extension.®” He researched the precise solution to Navier
Stokes' condition while working on the three-dimensional fluid
movement on a plane boundary stretching sheet.>”

We want to concentrate on the impact of the previously
unmentioned second-order velocity parameter (L)), porosity
parameter (k,), Deborah number (B)), N,-thermophoresis
parameter on natural convection heat transfer and linear flow over
a stretched sheet.

Mathematical Formulation:

Consider incompressible, steady MHD flows in two dimensions
with slip condition and a Maxwell fluid stretching surface across a
permeable medium. The heat transfer process is analyzed by
viscous dissipation. The surface along the x-axis and y > 0 is the
confined region. The generated flow is linear, so the x-axis is
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subjected to two forces that are equal yet opposite one
another.T,, and C,, are the ambient temperature and concentration.

Porous Medium

Slit

Figure 1. Diagrammatic depiction of fluid flow in porous sheet
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Here, u (on x-direction) and v (on y-direction) are velocity
components, ‘a,, is the fluid's coefficient of thermal diffusion,
'v' kinematic-viscosity, ‘c’” is arbitrary constant, ‘Dg’

coefficient of Brownian diffusion and fluid stress parameter

‘ ’=%, ratio between the adequate heat capacity of
pr/f

nanomaterial and fluid.
U(siipy IS the slip velocity at the wall, which can be defined as,

2 (3-al® 3(1-12) 1 au
_( a _E kn )yay 4( (1_l2)> ’

ou 62u
Usiipy = A1 3 + 4, 37

u(slrp)

Where, | = min [ki 1], y is molecular mean free path and * a’

is momentum coefficient with 0 < a < 1.Hence value of I’ is
0 <[ < 1. The second term in u g, condition is positive Since
mean free path is always positive and 4, < 0.

Transformed terms by using similarity variables with boundary
conditions (1)-(4).
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. a
n=y ;
u = axf'(n) and v = —fav,f (n) (6)

The non-dimensional temperature and concentration term by
using similarity variables are

T Too
0@ =3 ——
T;=T, + A'x 6(n)and (7

Using equation (6) and (7) in equations (2) and (3). Following
differential equations obtained,

FUATFAE =R BQIFF = ffD ~hof =0 (®)
%(1 + ‘“;J)e" + £0' + Ec(kpf'> +£72) = 0 9)

Here
Py =" s ‘Prandtl-Number’
Transformed Boundary Conditions’ are

f(0) =
fr0)=c+ Llf”(O) + Lo f""(0) (10)
0(0) =1+6,6'(0)
g:g}asn—ﬂm (11)

Here L, = /i, 8, =kyp /i, 8, = k¢ /iare nondimensional
vr vr vr

slip parameter and S > Ois for suction and S < 0 is for injection.

2.1 Nusselt Number: -Heat transfer across a fluid is
characterised by the Nusselt number, which distinguishes
between convectional and conductional modes of heat transfer.
The Nusselt number is denoted by the following:

Xqw

N = k(Tw - Too)

Here,
= u( ) stress along the plate’s tangent.

qw = —k( )aty—

k=heat conduction coefficient.
x=characteristic length.
With the help of Eq. (7) we get,Re, = == (local Reynolds

number). %:—0'(0) Reduced Nusselt number
ex

respectively.

Table 1: Comparison of the rate of heat transfer of wall —68'(0) for
Newtonian fluids with various Pr values when § = k, = Ec=0.

J. Integr. Sci. Technol., 2023, 11(2), 478 Pg 3



B ky —f"(0) -6'(0)
0.1 0.1 1.1243 0.21373
0.2 0.1 1.1454 0.20654
0.3 0.1 1.1681 0.19286
0.4 0.1 1.1835 0.18998
0.5 0.1 1.2044 0.18876

Table 2: -Numerical Values of —f"'(0), -6'(0) for different values of

B. ky.
Pr Khan & Malik et. K. Gangadhar Present
Pop al. (2017) et.al Result
(2010) (2019)
0.7 0.4539 0.45392 0.45391616 0.45391
2 0.9113 0.91135 0.91135768 0.91136
7 1.8954 1.89543 1.89540326 1.89542
20 3.3539 3.35395 3.35390414 3.35394

RESULT AND DISCUSSION:

In this article, flow of Maxwell fluid across a stretching surface
was examined in relation to the impacts of the 2M-order slip
parameter velocity. To solve the differential equations (8)-(9) with
equations (10-11), we employed the Runge-Kutta fourth-order
approach. Physical parameters (for example, the porous parameter,
the 1% and 2" order velocity slip parameters, the heat transfer slip
parameter, and the Deborah number) have been extensively studied
in order to fully comprehend their impact. A temperature and
velocity profile graph and a local Nusselt number are used to depict
the results of this study. To validate the method, the values of
—0'(0) obtained by the present system are compared to those
published by Khan et al., Malik et al,® and K. Gangadhar et al. for
various values of Pr when f = k, = Ec=0. Table 1 and Table 2
displays the comparison, which demonstrates an excellent match.
Since the system has two solutions, they are referred to as the first
solution and the second solution. It is clear from (11) and (12) that
f "(0) and -6'(0) measure the rate of heat transfer and skin-friction,
respectively. In the boundary layer, f(n) and 6(n) measure,
respectively, the fluid velocity and temperature distribution Figures
2 and 3 show how the Deborah parameter ‘8" influences dimension-
less velocity and temperature-profile. Velocity increases, and the
temperature profile increases at some point after that, then
decreases. Figures 4(a) and 4(b) and 5(a) and 5(b) show that
increasing the second-order slip parameter increases the slip
velocity and temperature profile due to a reduction in drag force
and frictional heat generation. Figures 6 and 7 illustrate the effect
of the stretching and shrinking parameter 'S' on the non-
dimensional temperature profile. It is noted that by increasing the
value of 'S' while keeping the other variables constant, the
temperature profiles decrease in magnitude. In figures 8 and 9, as
the porosity parameter increased, the resistive force increased,
generating friction heat; hence, the thermal profile increased while
velocity decreased. FigurelO is illustrate Nusselt number effect on
second order velocity slip parameter. Figures 11 and 12 illustrate
the effect of the radiation parameter and Eckert number 'E,' on the

Journal of Integrated Science and Technology

non-dimensional temperature profile. It is noted that by increasing
the value of 'E.' and R, the temperature profile increases in
magnitude.

1 )

o}

0.8

second solution

07

f'(m)
04f

0.3F
0.2¢

01

Figure 2 is velocity profile dual solution for different £ =0.1,0.3,0.5
versus n with Pr=0.7,k,, = .2,Ec=0.1, L, = 0.1

. _ Second Solution

First Solution

Figure 3 dual solution of temperature profile for different g
=0.2,0.4,0.6,0,8versus n with Pr=0.7,k,, = .2, Ec=0.1,L, = .1

()

Figure 4(a) First Solution
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141 Figure 5(a). and 5(b). represent velocity profile dual solution for
various L,versus n with Pr=0.7,k, = .2, Ec=0.1, $=0.1
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0.3 -
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0.2 o
o1 -
' .
Figure 4(b) Second Solution o . :‘:H“"“—“a . ,
Figure 4(a) and Figure4(b) represent dual solution of velocity ° ' ‘ .
profile for different values of L, =0.1,0.3,0.5 versus n with "
Pr=0.7,k, = .2,Ec=0.1, p=0.1. Figure 6. temperature profile for various values of S(> 0 )versus
with Pr=0.7,L, = .1, Ec=0.1, $=0.1.
14
12
1
L, =0,0.1,0.2 T
T ' —0.1,-0.3, 0.5, —-0.7

A(m

'

2 3 4
45 5
N —
i Figure 7. Temperature profile for various values of S(< 0)versus  With
Figure 5(a) First Solution Pr=0.7.L; = .1,Ec=0.1, f=0.1.
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Figure 5(b) Second Solution Figure 8. velocity profile for various values of k;versus nwith Pr=0.7,

L, =.1,Ec=0.1, =0.1.
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e(m)

Figure 9. temperature profile for various values of k;versus 7 with
Pr=0.7,L, = .1,Ec=0.1, $=0.1.

—6'(0)

-5 L L L L L 1 L 1 1 Il
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N, —»

Figure 10. the variations in Nusselt numberL, versus N, n with
Pr=0.7,L, = .1,Ec=0.1, $=0.1
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Figure 11. temperature profile for various values of R jversus 7 with
Pr=0.7,L, = .1,Ec=0.1, $=0.1.
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o(n)

Figure 12. Temperature profile for various values of Eversus 7 With
Pr=0.7,L, = .1,k,=0.1, $=0.1.

CONCLUSION

The Runge-Kutta method is used to examine the boundary layer
flow of Maxwell fluid over a stretching surface in the presence of a
porous media. The data is presented in graphs and tables, and the
findings are consistent with previous research. Deborah number £,
porosity parameter k,, Eckert number Ec, Prandtl number Pr are
all investigated in detail. Some of the most important findings from
the aforementioned analysis are listed below.

The following are some of the analysis's significant findings:

. As Deborah’s number and the second order slip parameter
increase, velocity profiles increases, whereas velocity
decreases as k,, increase.

Il.  The temperature profile rises in the first solution and
decreases in the second solution as the L,, $ > 0,5 <
0 and increases as k,increases.

Ill.  The temperature profile rises as R, and E, increases.

IV. N, rises in first-half and decreases in second half as L,,

increases.
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