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In recent years, there has been a notable rise in interest in the boundary layer theory of non-Newtonian fluids, driven by
both academic curiosity and engineering applications. The nonlinearity of the equations can manifest itself in various ways
across a broad spectrum of industries, encompassing biotechnology, drilling operations, and the food sector. The term
Maxwell fluid describes the characteristics related to relaxation time and falls within the category of rate-type fluids.
Researchers are intrigued by the challenges associated with solving nonlinear and higher-order differential equations. In the
present problem, the magnetohydrodynamics (MHD) Maxwell liquid over a porous contracting surface is discussed
numerically. In the analysis, a consistent transfer of divider concentration is examined. The governing/controlling equations
of the fluid flow are changed using similarity transformations. The numerical results were found by using the R-K-4"
order-based shooting technique with the assistance of MATLAB software. The graphical representation is displayed
through stability analysis. The results indicate that the first solution exhibits greater stability. The magnetic parameter and

suction effect enhance the velocity profile, whereas the Deborah number yields opposite results.
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Nomenclature
C Positive constant/ - P Fluid density/ kg m>
B Applied magnetic field/ 9  Kinematic viscosity/
0 - _
Nm™' 4™ m’s™'
f’ Non-dimensional velocity/ - ﬂ Deborah number/-
M Magnetic number/ - ¥ Stream function/-
S Suction parameter/- O  Electrical conductivity/
simens.m”'
)/ Suction velocity/- n  Similarity variable/ -
w
X, yCoordinate axes/ - Subscripts
u,, Surface velocity/ m s f Fluid
",V Velocity components/ 11 sW o Atwall
Greek Symbols X  Differentiation w.r.t X
A Maxwell fluid relaxation YV Differentiation w.r.t )
time/-
M Dynamic viscosity/
kgm™'s™

Introduction

Boundary layer motions because of
extending/shrinking surfaces have stimulated the
attention of investigations for their vast applications
in numerous engineering processes. Firstly, Crane'
has examined the viscous motion past a linearly
extending sheet. The other extending work
considering numerous physical conditions has been
the pioneering effort of Crane' extended by several
researchers working with numerous physical
conditions®”. In Crane's work which is based on the
time-dependent fluid film, Wang® noticed that the
fluid flow for the shrinking surface has rare
properties. The stable boundary layer extracting flow
does not arise due to developed vortices because of
the separated boundary layers due to reduction of the
boundary layer. The viscous motion because of a
shrinking surface through suction has been reported
by Miklavéi¢ & Wang’. Their results show that the
probability of steady motion depends on externally
imposed mass suction, which dominates the boundary
layer separation. Bachok ef al.'® have described the
steady 2-D stagnation-point flow of an H,O-based
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nano liquid past an exponentially extending/reducing
surface in its particular level.

Further, Fang et al.'' inspected viscous motion past
a shrinking surface and explained analytically by a
newly projected second-order slip conditions. Awais
et al."* surveyed the presence of dual solutions for the
MHD flow of Maxwell liquid past a permeable
shrinking partition. Additionally, Rauf et al"
explored the presence of a chemical reaction of first
order on magnetohydrodynamics stagnation point
motion of micro-nano liquid over a shrinking surface
in the influence of zero mass flux and convective
conditions and Kumaran er al'* analyzed the
Brownian motion, thermophoresis effect, irregular
heat source/sink, and cross-diffusion on MHD
Maxwell and Casson flow past an extending surface.
An enhancement in temperature and concentration
profile of Maxwell liquid is noticed as compared to
the Casson fluid. Iskandar et al have further
explored the stagnation point flow over an
extending/lessening cylinder in a mixture (copper and
aluminium oxide) nanoliquid. They noticed that the
heat transmission is higher for the hybrid nanofluid
related to the regular nanoliquid as well as the base
liquid, and the bifurcation of the solutions arises in
the shrinking regions. Also, the non-uniqueness
solutions are detected for various physical parameters.
Furthermore, skin friction coefficients and the heat
transfer rate rise in the influence of nano-sized
particles and for greater Reynolds number. Eid ez al.'®
later conveyed the effect of thermal radiation,
suction/injection, magnetic field, and nano-sized
particles on the two-segment motion of a
comprehensive Carreau liquid past a non-linear
permeable extending sheet. Whereas, Balazadeh et
al'” discussed the influences of Joule heating and
radiation effect on the mass and heat transfer for time-
dependent 2-D magnetohydrodynamics squeezing
motion of Eyring-Powell liquid among 2-horizontal
infinite sheets.

The Homotopy Analysis Method (HAM) on the
MHD second-grade fluid flow past a shrinking
surface has been reported by Hayat et al.'®". They
proposed the HAM solution for MHD revolving
motion of second-grade liquid past a shrinking
surface. The velocity and energy transport past an
exponential reduction surface was studied by
Bhattacharyya®’. Further, the impact  of
blowing/suction on the steady laminar flow and
energy transport past a shrinking surface in the

presence of radiation effect has been analyzed by
Bhattacharyya & Layek®'. Recently, Afsana et al.”’
have presented the impact of free convection in
electrically conducting non-Newtonian ferrofluids
within a wavy enclosure. The main attraction of their
investigation is the entropy analysis due to the
irreversibility of the system. Moreover, Rafiq et al.”
studied the nonlinear thermal radiation on the dusty
fluid near a spinning blunt-nosed body. The
determination of MHD motion, radiative, and
chemical characteristics has attracted the attention of
several researchers due to its consequence in the
practical problems of improving the performance of
various industrial processes, such as manufacturing
paper, plastic sheet, and copper wire drawing®*2°.

Similarly, Jena er al®’ inspected the heat
transmission phenomenon of nanofluid in the
presence of magnetic effect and irregular heat source.
Pattnaik ef al.®® conducted a study to examine the
velocity slip condition on the Micropolar fluid flow
through an enlarging sheet. Likewise, Parida at el.”
used a computational approach to analyze the
behavior of dust particles in an H,O- kerosene oil-
based mixture. In an another study by Pattnaik ez al.*°
presented the impact of MHD on metallic water-based
nanoparticles (Cu, AL,O; and SWCNT’s) through a
permeable surface. Whereas, Mathur et al.’! reported
the influence of velocity slip on micropolar nanofluid
in the presence of Darcy-Forchheimer drag
coefficients. Pattnaik et al** have explored the free
convection of a nanofluid flow consisting of gold
particles with water and Hamilton-Crosser thermal
conductivity model is used. The investigation focused
on the flow through a channel with porous walls is
considered. Additionally, Pattanaik e al*® have
analyzed the effects of radiative and dissipation effect
on the flow of Williamson nanoparticles mixed fluid
in a corresponding channel induced by the buoyancy
effect. Further, Mohanty et al.** conducted an entropy
analysis for the peristaltic flow of a micropolar
nanofluid. The study involved simulations obtained
through an approximate analytical technique.

In addition to the above studies, Mishra et al.>
have analyzed the heat transmission on the MHD
micropolar fluid flow through a permeable medium,
considering the irregular heat source and radiation
effect and Baag et al.*® described the MHD boundary
layer flow past an exponentially enlarging surface
passed through the porous media in the presence of a
heat source. Nayak et al.’’” examined the influence of
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chemical reactions on the axisymmetric flow over a
radially expandable sheet. Makinde et al.*® analyzed
the mixed convection Blasius flow in MHD
chemically reacting with flexible viscosity surrounded
by a porous media, whereas, Nisar ef al.*’ investigated
free convection of a Jeffrey fluid flow in the presence
of chemical reaction and heat source effect. Mishra
et al® further investigated the optical, electrical,
dielectric, and structural characteristics of Li/Fe-
modified barium tungstate double perovskite for use
in microelectronic appliances.

Mishra et al.*' have considered the cross-diffusion
and nonlinear radiation effect on micropolar
nanoliquid past an enhancing surface with an
exponential heat source. On the other hand, a stability
analysis on a hybrid nanofluid over a
stretchable/shrinkable ~ vertical surface with a
nonlinear heat sink/source was conducted by Khan
et al.”. Madhukesh et al® studied the Cattaneo-
Christov theory and slip effects to investigate the flow
on a permeable disk for micropolar-Casson nanofluid.
Kumar et al* have analyzed the flow of non-
Newtonian nanofluid, considering the influence of
magnetic dipole, and explored the behavior of
nanoparticles in the system. Few more studies like
Yun-Xiang Li et al.* explored dual solutions for the
nonlinear radiative flow of the Maxwell fluid and
studied the mass and heat transfer effect on a wedge
surface; Madhukesh et al.*® examined the Casson
Marangoni-type nanofluid flow through a void-spaced
medium, considering the influence of chemical
activation energy; Sowmya ef al.*’ have explained the
stimulus of the Newtonian heating effect on dusty
nano liquid over a Riga surface within void-spaced
media; Madhukesh e al® studied the thermal
transport characteristics of MHD Casson and
Maxwell nano liquid flow between two void-spaced
disks; and Alzahrani et al.*’ investigated the impact of
a slip boundary condition. The study by Alzahrani
et al”® focused on examining how radiation affects
heat transmission in a wall jet flow of non-Newtonian
nanoliquid.

Kumar ef al.”>® employed the exponential heat
source and optimized the response surface of the

electro-hydrodynamic  flow of  Cu-polyvinyl
alcohol/water Jeffrey nanoliquid. Meanwhile,
Sharma et al’' investigated the control of

Arrhenius activation energy on MHD nanoliquid
flow in the presence of an exponential heat source
through an extendable sheet with a modified

Buongiorno model. Further, Sharma et al.>
explored an ANN model, which is a machine-
learning technique used to study the Darcy-
Forchheimer flow of a hybrid nano liquid through a
spinning Riga disk while taking chemical reactions
into account. Mishra et al.> in their later study,
added an induced magnetic field to a cilia-regulated
MHD ternary Jeffery nanofluid to study the entropy
generation.

The primary objective of the current study is to
find the numerical solution of an MHD Maxwell
liquid through a porous contracting surface. As per
the Author’s knowledge, there is literature available
on the above-mentioned issues. This problem has
direct applications in the manufacturing of paper,
solar collectors, plastic melting, and engine cooling.
A detailed analysis is done on the stimulus of the
various parameters on the energy and velocity
distribution, along with graphical representations. It is
widely used in geophysical processes and
engineering, including gas turbines, rotor systems,
food processing, and disk cleaners. Numerical
solutions were produced by using the R-K-based
shooting technique; while the graphs are used to
illustrate the results.

Mathematical formulation

Considering a 2-D Maxwell fluid flow past a
permeable (Porous media) shrinking plate with wall
concentration transport, the plate overlaps with the
flat y = 0, and the motion occupies the area y > 0. The
x-axes and y-axes are taken to be along and
perpendicular to the plate, correspondingly. The
governing equations of flow™* are:

ou+o,v=0 ... (D)
u0 u+vo u+ ﬂ(uzému +2uv0, u+ vza}yu) =90, u —(cho2 /p) u
. (2
Where, 3= 1/ p
The boundary conditions™ are:
u=—cx, v=-V_ at y=0
.3
u—>0 as y—> 0

Where, ¢ > 0is the shrinking rate and V| > Ois the

(velocity) suction effect at the surface.
Here, the stream function y (x, y) that proves the

continuity equation with (l//y , —l//x) = (u, V).
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Now, Eq. (2) is introduced to the subsequent form
2
O WO —0, WO+ A ((ayq/) oop+o, w(ow) - 26@3;,/.6,;//.6},“)

OB}
=80,y —{ - Jﬁyw

P
.4
The BCs for the velocity are
v,=cx,  y,=-V, at y=0
... (5
y,—>0 at y—>o )

The similarity variables are as follow:

y = \/%xf(n) and 1= yJc/9 .. (6)

Where, 7 is the similarity variable™.

Given the relation (6), the Eq. (1) satisfies
automatically, and the Egs. (4) and (5) reduces to the
following equation of motion for Maxwell fluid

S f =1 BRI - T)- M =0 ()
f(m)=S, f(n)=-1 a n=0
S()=0

Where, prime represents the d.w.r. to 7. The

dimensionless parameters are the Deborah number
[, the suction parameterS, and the Hartmann

. (8

as n—»>o

number is given by:

p=Ac, S=—Vw/x/§ and M2=GBO2/pc

Numerical solution

Due to highly nonlinear ordinary differential
equations (7) respective to the BCs (8), these are
explained numerically using the 4" order R-K-
shooting method. The set of nonlinear ODEs (7) is
transformed into first-order differential equations,
which are:

f =, . (9)
f =y, ... (10)
f'=ys, .. (1D

f' = ——[~y1ys — ¥3 — B2y1yoys] + My,] ... (12)

1+By?

and the boundary conditions are:

yi1=5y,=-1 atn=20

v, = 0,n > ... (13)

To solve the equations (9) to (13), the value of y;
was taken which is not given at the antecedent
conditions. The equations (9) to (13) later
approximated by the R-K method with the subsequent
looping step size 0.001.

Graphical Discussion

The momentum equation (8) along with the BCs
(9) are explained numerically with the R-K method by
taking the step size 7 =0.001 and the relative error of
10°.  The
parameters,

influence of the non-dimensional
M,pB, and S on the velocity is

analyzed through Figures 1 to 10. The graphical
representation examines the numerous dynamical
variables of the non-dimensional momentum
description for two dissimilar solutions. Figure 1
represents the characteristics of Hartman parameters
on the momentum profiles exhibiting the dual
solutions. The bold and dotted lines represent the first
solution and second solution, respectively. It is
noticeable that the improved values of the Hartman
parameter  augment the  velocity  profile.
Simultaneously, the thickness of the hydrodynamic
boundary layer is condensed. The Hartman number
exhibits the behavior of the Lorentz forces; a resistive
kind of force that can resist the boundary layer
thickness for greater magnitude of the magnetic
parameters. Also, the fluid velocity distribution is low

0.2

T
: First solution
: Second solution

Solid lines

Dashed lines

n

Fig. 1 — Role of M on f'(?])
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Fig. 2— Role of S on f'(ﬂ)
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n

Fig_3—Roleofﬂ on f'(77)

for the second solution as associated with the
developing values M . Figure 2 shows the description
of momentum for a range of suction parameter values.
The pressure differential is restricted to the pressure
since it results from the expulsion of air from the
space. In this instance, the higher-pressure region's
pressure will act in opposition to the lower-pressure
region. However, for escalating values of §
momentum profile rises for both solutions.

Figure 3 illustrates the momentum profile for
diverse values of the Maxwell parameter presented in
the form of a Deborah number that is proportional to

-0.2 T T T T T T T T T

04 M=1.0,2.0,3.0,4.0

-0.6

-0.8

18 1 1 1 1 1
0.1 015 02 025 03 035 04 045 05 055 06

8

Fig. 4 — Role of ﬂ verses M on Cfx

-0.17 T T T T

S$=0.5,1.0,1.5,2.0

-0.21

-0.22

-0.23

-0.24 L L L 1
0.1 0.2 0.3 0.4 0.5 0.6

Fig. 5— Role of ﬂ verses S on Cf)C

the relaxation time. The augmented values of [ the

velocity distribution decline for both the first and
second solutions. The fall in the velocity profile
results in a declining amount of heat from the surface
of the liquid. Figure 4 illustrates the stimulus of £ on

the coefficient of skin friction C, against the
M . Augmenting the value of M , C, diminishes due

to a decline in the thickness of the boundary layer. It
is also observed that the friction factor declines for
larger values of £. Figure 5 illustrates the influence of
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Fig. 7 — Streamlines for M =1.5

p onthe C, against the suction parameter S . As the

S rises, the plot of friction factor declines due to
decreasing of the boundary layer thickness. Further, a
decline in the skin friction factor is noticed for the
enhancement of £. Figures 6 — 10 displays the results
of the magnetic parameter and Deborah number on
streamline flow for fixed values. Thus, for the fixed
value of M, the [ shows the traces of the fluid
particles in a certain manner on the curve along the
x-direction. It is observed that when M,[ have

positive values, their impact is high compared to
when they have negative values.

0.0 0.5 1.0 1.5 2.0 25 3.0

Fig. 8 — Streamlines for ﬂ =0.1

0.0 0.5 1.0 1.5 2.0 25 3.0

Fig. 9 — Streamlines for ,B =1.2

0.0 0.5 1.0 1.5 2.0 2.5 3.0
X

Fig. 10 — Streamlines for ,B =25
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Conclusion

This work presented the laminar flow of MHD
Maxwell liquid over a porous shrinking plate with
wall concentration transfer considered. The converted
non-dimensional equations are explained numerically
by applying the R-K 4™ order with the shooting
method. The main findings are: i) The velocity profile
is enhanced more in the first solution as the magnetic
parameter improves. However, the Lorentz force is
present in a fluid flow system; ii) Augmenting the
values of Mand S, the skin friction factor
diminishes; iii) The graphical results look more stable
for the first solution; and iv) For the larger values of
/3, the friction factor declines.

These results will be helpful in studying
geophysical processes and engineering, including gas
turbines, rotor systems, food processing, lubricants,
soaps, and disk cleaners. The coating process requires
a smooth, glossy surface to satisfy the requirements
for strength, transparency, minimal friction, and
attractiveness. In the future, the Maxwell fluid can be
more effective with nanofluid and hybrid
nanofluid for industrial applications using different
geometries.
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