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INTRODUCTION

Heat transmission analysis depends on interactions
between dimensionless parameters. The objective of heat
transfer in nanofluids is to enhance the thermal performance
of the fluid compared to traditional heat transfer fluids.

Research continues on the use of nanofluids in cooling
systems, such as for industrial heat exchangers, automobile
engines, and electronic devices. These systems benefit from
improved heat removal efficiency due to increased thermal
conductivity. The Hall Effect is a phenomenon in physics
named after the American physicist Edwin Hall, who first
described it in 1879. This effect refers to the generation of
a voltage (hall voltage) across an electrical conductor trans-
verse to the electric current and an applied magnetic field.
Many electronic devices, including magnetic encoders, posi-
tion sensors, and speed sensors, as well as sensors like Hall
effect sensors, which are used to measure magnetic fields and
detect current, make extensive use of the Hall effect. The Hall
Effect is particularly significant in the study of semiconduc-
tors and metals, and it has various practical applications. The
Hall impact is caused by the characteristics of an electric cur-
rent flowing through a conductor. Electricity has tiny moving
charge transporters such as electrons, holes, ions, or jointly.
The Hall response sensor is a typical instrument used to mea-
sure the potency of a magnetic field. It detects the Hall cur-
rent, which is caused by an electric current flowing through a
conductor. Hall current is applied to the MHD power genera-
tor, magnetic field sensing equipment, phase angle measure-
ment, sensors with their probes, wheel speed detection, and
accordingly assists the anti-lock braking system. Improved
heat dissipation, decreased thermal resistance, higher ther-
mal conductivity, the potential for smaller heat exchangers,
and energy efficiency are the main goals of employing nano-
fluids in heat transfer applications. The nanofluid model
typically used is a single-phase model, where the nanofluid
is treated as a homogeneous mixture of nanoparticles dis-
persed within a base fluid. This approach assumes that the
nanoparticles are well-dispersed and uniformly distributed
throughout the fluid, leading to a single-phase flow behav-
ior. Assumptions for the nanofluid model include homoge-
neous dispersion of nanoparticles within the fluid, assuming
stable suspension techniques to prevent aggregation or set-
tling. It also assumes negligible particle-particle interactions
compared to interactions with the base fluid, simplifying
the model. Nanoparticles are assumed to rapidly reach ther-
mal equilibrium with the fluid due to their high surface
area-to-volume ratio. Nanoparticles in a nanofluid experi-
ence Brownian motion, which is the random movement of
particles suspended in a fluid due to collisions with solvent
molecules. This motion causes the nanoparticles to disperse
throughout the fluid, enhancing the thermal conductivity
and convective heat transfer properties of the nanofluid. The
interaction between nanoparticles and the base fluid also
influences the thermal behavior of the nanofluid. Surface
chemistry, intermolecular forces, and the stability of the

colloidal suspension can all affect the dispersion and thermal
properties of the nanofluid. Additionally, properties such as
density, viscosity, and thermal conductivity are presumed
constant across temperature and nanoparticle concentration
ranges, though exceptions may occur under extreme condi-
tions. Nanofluids are the latest exciting growing technology
that is helping to raise the thermal conductivity of liquids.
Nanofluids exist in microelectronics, fuel cells, pharmaceu-
tical industry. Alumina nanofluid enforces greater thermal
conductivity.

In their analysis, Roy et al. [1] applied three methods
to solve equations based on their frequency ranges. Based
on a study by Muthucumaraswamy [2], it was found that
the velocity in a vertical oscillating plate with a chemical
reaction decreased as the phase angle increased while keep-
ing the concentration constant and varying the tempera-
ture. Nagarajan et al. [3] intended radiation effects along
with chemical reactions and it plays a vital role in health
and military forces. Sridhara et al. [4] gave importance to
the coolant to control thermal expansion. Ilyas Khan et al.
[5] noted that temperature and concentration variations
gave way to driving forces from thermal diffusion. Murali
Gundagani et al. [6] used a finite element solution. When
exploring the possibilities of using nanofluids in renewable
energy sources, Omid Mahian et al. [7] examined both the
benefits and challenges of this approach. They also evalu-
ated the effectiveness of a nanofluid-based direct absorp-
tion solar collector, taking into account factors such as
measurement of the dimension and volumetric proportion
of nanoparticles used.

Loganathan et al. [8] calculated the heat transfer rate
using four distinct types of nanofluids. This investigation
appears to be relevant to the field of chemical reactions and
heat transport. He established that Silver water nanofluid
had the best heat transfer rate with radiation compared to
other nanofluid. Muthucumaraswamy et.al [9] discussed
various applications for MHD in this context. The Laplace
transformation is widely employed to solve governing
equations. Chandrakala et al. [10] discussed the effects of
oscillating plates with radiation at a constant temperature.
She believed in the importance of thermal radiation effects
except that not getting more attention from researchers.
Abid Hussanan et al. [11] insisted on Newtonian heating
which neglects inner resistance compared to surface resis-
tance. Okedoye [12] used a combination of sub-methods
including the Richardson extrapolation technique, along
with Fehlbergs fourth-fifth order Runge-Kutta shooting
iteration method by degree four interpolant to solve the
governing equations. Rajesh et al. [13] examined the influ-
ence of nanofluid flow on moving vertical plates with tem-
perature oscillation possessions with radiation. Murali et
al. [14] solved the governing equations using the Galerkin
finite element method. Many practical diffusive processes
involve the molecular diffusion of a species in the presence
of a chemical reaction occurring within or at the boundary,
as noted by Babu et al. [15]. For this reason, engineers and
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scientists find it extremely useful to analyze heat and mass
transport in chemical reactions.

Ahmad Qushairi Mohamad et al. [16] introduced
non-coaxial spin in convection flow, as it has been proven
to be useful for stirring, cooling turbine blades, and even
vacuum cleaners. Bayomy et al. [17] examined the extreme
relative error of the Nusselt number and local experimental
temperature and concluded that the uniformity index was
68% less valuable to using water as the coolant substitute for
air. Gauri Shankar Seth et al. [18] were concerned about the
consequences of Hall current and convective flow of rotat-
ing fluid along ramped wall temperature and revealed that
MHD-free convective flow is applied in many industries
for high-temperature forming. Rajput et al. [19] studied the
heat immersion on flow prototypical along variable tem-
perature and also observed that both velocity decrement
because of increment immersion and angle. In their study,
Sonia Nasrin et al. [20] related infinite Oscillating porous
plate along Hall current and found thermal and concentra-
tion flux with persistent temperature. Jithender Reddy et
al. [21] utilized the Casson fluid model to determine the
viscous dissipation in the presence of an oscillating vertical
plate. They were able to obtain a solution by implementing
the finite element method. Igbal et al. [22] probed the influ-
ences of a radiative hybrid nanofluid along the Hall current
in an oscillating vertical plate. Jithender Reddy et al.

Tokgoz et al. [23] took the corrugated duct, instead of
the smooth duct to evaluate heat transfer enhancement in
channel flow, and flow properties of an alumina-water nano-
fluid through corrugated channels with varying geometric
shapes were explored numerically. Vijayalakshmi et al. [24]
applied the Runge-Kutta method to solve differential equa-
tions and analyzed the statistical variations of skin friction,
thermal, and concentration transfer coefficients. It’s fasci-
nating to see how different methods can be applied to solve
complex equations and lead to insightful findings. Manjula
et al. [25] considered an inclined radiative oscillating plate
and found the responses of Dufour number. Shantha Sheela
et al. [26] reviewed an overview of the magnetohydrody-
namic flow of nanofluids via a vertical plate with radiation
and numerical schemes are found to be more favorable than
analytical schemes because of the intricacy of the governing
equations. Kanif Markad et al. [27] investigated the impact of
multi-walled carbon nanotube (MWCNT) modification on
shape memory polymer hybrid composites, focusing on their
mechanical, thermomechanical, and shape memory proper-
ties. Arulmozhi et al. [28] deliberated reactions in moving
radiative infinite vertical plate existence of chemicals. Aamir
Farooq et al. [29] examined the Maxwell Nanofluid’s oscilla-
tory behavior concerning mass and heat transport. Engine oil
is used as a base fluid and graphene nanoparticles are added
to it because of its high heat conductivity. Kanif et al.[30]
observed that increasing the thickness of piezoelectric layers
led to a significant rise in voltage, while the total thickness
of the laminated plate remained unchanged. Kanif Markad
et al.[31] discussed that the fabrication process involves

preparing the SMPHC through magnetic stirring, shear
mixing, and ultrasonication, followed by molding using
the hand layup method. Stefan Heidinger et al.[32] com-
pared the 33 sets of correlations and data points from both
simulations and experiments, a meta-correlation has been
derived for calculating the Nusselt number. Markad Kanif
et al. [33] highlighted the crucial role of carbon nanotubes,
multi-wall carbon nanotubes, graphene, and nano-silica in
the development of nanocomposites. Mehboob Ali et al. [34]
applied a conversion technique to solve the dimensionless
equations, followed by employing the numerical approach
Bvp4c for their solution. Aamir Ali et al. [35] expanded our
comprehension of fluid dynamics and heat transfer in intri-
cate systems. Investigating how magnetic effects, nanofluid
characteristics, and heat conduction interact allows research-
ers to make substantial progress in fluid mechanics and heat
transfer. Understanding Hall effects holds particular impor-
tance in applications with conductive fluids or plasma, as
they provide a more precise understanding of the behavior
of charged nanoparticles in the presence of a magnetic field.
Yuchi Leng et al. [36] found that fluid flow dynamics are
influenced by porous media, magnetic fields, and fluid prop-
erties, while heat transfer is affected by factors such as Eckert
number, magnetic effects, and thermophoresis. Additionally,
fluid absorption is influenced by activation energy and
Brownian motion. These principles have applications across
various industries including medicine, pharmacology, and
chemistry, and are also relevant in food processing, partic-
ularly through Joule heating. Design considerations such as
streamlines, heat lines, and mass lines play a critical role in
optimizing processes. Muhammad Aqib Aslam et al. [37]
investigated that while heat and mass transfer rates peak
with shear-thinning fluids, they diminish with shear-thick-
ening fluids. Additionally, they observed that these rates are
highest in concentration-dominated assistant flow and low-
est in concentration-dominant counter flow. Based on the
literature review, they discussed the convective heat transfer,
numerous boundary conditions, and varieties of special flu-
ids, radiation, and vertical oscillating plates. Here Alumina is
considered as a nanofluid and water is a base fluid.

As far as our comprehension extends, there have been
no inquiries undertaken regarding the influence of magne-
tohydrodynamic (MHD) nanofluid flow over an oscillat-
ing vertical plate with enhanced temperature, taking into
account Hall effects and radiation.

MATHEMATICAL ANALYSIS

The viscosity of an incompressible Al,O; nanofluid has
been examined when it passes by a vertical plate that oscil-
lates while thermal radiation is present. The temperature of
the plate and fluid is the same at the time * <0, or T.,. Along
the x* axis, the plate has oscillated, and for the remaining
axes, the y* axis is normal. Initially, the plate has the tem-
perature T, When it starts to oscillate, the temperature of
the plate is raised to T,,. z* axis is uniformly paralleled by the
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Figure 1. The geometry of a problem.

uniform magnetic field B,. The usual direction of applica-
tion of the radiative heat flux (g,) to the plate is observed.
An indestructible behavior of Al,O; nanofluid as it flows over
an oscillating plate in the existence of thermal radiation has
been studied. The problem’s geometry is in Figure 1.

The equation z*= 0 and the x*oy* a plane is consid-
ered. The plate’s temperature and the fluid’s temperature
are identical at the time #* < 0. The oscillations of the
plate along the x* and the y* axes and remaining axes are
normal to the plate. The starting velocity of Oscillating is
u = (v, )(%)cos(m‘t*) an increase in temperature T,,. The z’
axis is parallel to the uniform magnetic field B, which is
applied uniformly. The plate receives the radiative heat flux
. in the usual direction. The thermo physical properties of
water and alumina nanoparticles are listed in Table 1, and
Figure 1 shows the actual model.

The elements F~ are indicated by the letters u*, v*, and
w* in V-F = 0 and w*=0. The velocity similarity variables are
used as the main similarity variables in this pseudo-similar-
ity transformation. It is indicated by #. The usage of water-
based Al,O; nanoparticles as a fluid is considered. The
suspended nanoparticles, which are in thermal equilibrium,
are transported with the base fluid. Z* and t* control the flow.
The uninterrupted flow further from the plate is taken into
account. In the far field, far away from the plate, the veloc-
ity boundary condition is often set to a specified value, rep-
resenting the bulk flow conditions of the fluid far from the
influence of the plate. Similarly, the temperature boundary
condition in the far field is usually prescribed as a constant
value, reflecting the ambient conditions or the conditions at
the outlet of the system. These boundary conditions provide
the necessary constraints to solve the governing equations for

=

the fluid flow and heat transfer within the domain of interest,
ensuring that the behavior of the nanofluid is appropriately
modeled both near the solid surface and in the far field.
The formula for the following unsteady flow represents
the equations that govern the Boussinesq’s approximation:
' o*u’ o,B; (mv* - u*)

—=u, —+ (T-T,)+—2
P PR o 2(pp) ,( ) on? (1)

p ' L PEN UM/Bé(V* +mu*)
"ot i az*z 1+m?

()

aT T dgq,
—=k -
(pcp))qf o nf 62*2 9z (3)

where u* and v* are the primary and secondary veloci-
ties. Eq. (1), and Eq. (2) are momentum equations and Eq.
(3) is an energy equation.

The necessary boundary constraints are

u =0, V=0, T=T,, Sorall 2",t <0

u' = (uov/ I{' cos(w*t*), V=0, T=T,+(T,-T)At* forallt >0,z =0 (4)
vi—=0, T—T,
1
2\
Where 4 =
Yy

u =0, at z° — o

The introduced non-dimensional quantities are as
follows:

Table 1. Thermo-physical properties of water and Alumina nanoparticles

Physical Properties p (kg / m3) C, (J/KgK) K(W / mK) B x10° (K7) ¢ o(S/m)
Water / Base Fluid 997.1 4179 0.613 21 0.0 5.5x10°¢
Al O (Alumina) 3970 765 40 0.85 0.15 35x 10°
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ably minimal enough to be described as a linear function of
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Equation (3) for the dimensionless parameter reduces

to
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When the dimensionless parameters are employed in
Eq. (1), Eq. (2), and Eq. (3) produce the following
equations

oU 0’U U -mV )M?*
LIE=L3ﬁ+L4%+LZG}".0 (8)
v ai/_ (mU+7 )M 0
Yot ozt Y lewm? ©)
a0 _, 190 R
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Eq. (11), which represents the relevant beginning and
boundary conditions

U =0, V=0, 6=0 forall Z,t<0
t>0: U=Cos(wt), V=0, 0=t at Z=0 (11)
U—0, V=0, 0—0a Z—>x
LetF =U 4+ iV (12)

The most recent beginning and boundary conditions
are,

F=0, 0=0 for all Z,t <0
t>0: F=C0s(a)t), =t at Z=0 (15)
F—0, 0—=0at Z—o

Solution Procedure

The complementary and exponential error functions
are used to express the solution. As an indication of the
relationship between the error function and its comple-
mentary error function,

erfc(x) =1 —erf(x) (16)

The main dimensionless equations Eq. (13) and Eq. (14)
as well as the conditional equation Eq. (15) are solved using
the conventional Laplace transformation. Following is an
explanation of the findings.

. explion (xp g, i) erfeln[g + (b, + i)t )
4 +exp(-2n4/g(b, +iw)t) erfc(rj\/g— Vb, + iw)t)
| EXp-io) exp(27,/g(b, —iw)t) erfc(n g+, —iw)t)
4 +exp(=217/g(b, —iw)t) erﬁ(n( -Jo, —iw)t)
e exp(dt) exp(217,/g b, +d t)er c(17\/§+,/ b, +d t)
2d* +exp( 214/2(b, +dt)erc(n\/7—1/b +d}t)

+ 2%12 (exp(ZnJgth )erfc(?]\/g + \/E )+ exp(— Zn\/gth )erfc(r]\/g - bet ))
+ % (cxp(Zr]\/E )erfc(n\/g + \/171‘ )+ ex p(— 27]x/R7 )erfc(n\/g - \/bjt ))
- %(exp(— 21]«/7 )erfc(?]f - \/7 )— exp(27]x/7 )erfc(r]\/g + M ))

c exp(dt) exp(2171 alb+d t)ufc(nx/5+,/ b+d t)
2d4* [+exp( 2;7,ab+dt)crﬂ(17x/;—\ b+dt)]

2d2 (exp(Zr]\/E)er c(r]\/;Jr \/7)+ exp( ZU\/E}JfL(f]I \/7))
- ﬁ(exp(an/E)e;j c(n\/;+ \/E)-*— exp(— ZUJE)erfc(r]\/E— \/E))

+ ZZ’C% (exp(— 21;\/5 )e;ffb(n\/; —Jbt )— exp(Zr]\/E )er C(l]\/; +~/bt ))

(17)

0= %(exp(an) erfc(nﬁ+ «@)+ exp(—ZWx@) erfc(nﬁ— \E))
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(18)
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Eq. (17) denoted the velocity and Eq. (18) represented
temperature.

(19)

Nu =-(a") (20)
on -

According to Eq. (19) and Eq. (20), the Skin friction
coefficient and Nusselt number, respectively, are terms
used to refer to the derivative of F and 6 with beginning
conditions.

erf(a+ib)=erf(a) + M[I - cos(2ab) + isin(2ab)]
2am

2

Xp(_“ )[fn(a,b)ngn (a,b)}€(a,b)

n® +4a’

3

2
L exp=a’) 2
2 =

Where /. =2a-2a cosh(nb)cos(2ab) + nsinh(nb)sin(Zab)
g, =2a cosh(nb)sin(Zab) + nsinh (nb)cos(Zab)

E(a,b} ~ 10’16‘erf(a + ib}

The complex error function is separated into its real (U)
and imaginary (V) components using the formula above.

RESULTS AND DISCUSSION

Numerical calculations for various physical fac-
tors Gr, R, M, m, w, ¢ and t depending on dynamics and

Figure 2. Distinct M values for U.

transportation are taken into consideration to interpret the
results for a better analysis of the problem. The numerical
values of the velocity and temperature are computed for the
parameters Gr, R, M, m, t, and ¢.

Effects of Different Parameters on the Primary and
Secondary Velocity Profile

A decline in U and V (velocity components) in Figures
2 and 10 gradually decreases in the region far away as the
magnetic field parameter (M) is increased due to the influ-
ence of the magnetic field on the fluid flow. As the mag-
netic field parameter increases, the magnetic forces become
stronger. These magnetic forces act on the fluid, causing it
to resist motion perpendicular to the magnetic field lines.
Consequently, the velocity components U and V decrease
gradually as the magnetic field parameter increases, partic-
ularly in regions far away from the source of the magnetic
field. This is because the plate, which has a stronger hydro-
magnetic body force, has a stronger hydromagnetic field.
The main velocity U in Figure 9 was reduced by increasing
® from 1/30 to n/2, and V in Figure 17 was also reduced.
One possible explanation could be that at higher angular
frequencies, the flow becomes more constrained or directed
in a certain manner, leading to a reduction in overall fluid
velocities U and V within the system. Additionally, increased
angular frequency might induce greater fluid resistance or
turbulence, resulting in reduced velocities. Figures 4 and 12
show how the U and V rise as the value of the Grashof num-
ber (Gr) increases and how this occurs for flow control.
When the Grashof number increases, the buoyancy forces
induce stronger convective motion within the fluid. This
enhanced convective motion leads to increased fluid veloc-
ities, both in the main direction (U) and tangential direc-
tion (V), as shown in Figures 4 and 12. A dimension of the
boundary layer expansion is the major aspect of the Prandtl
number. Both of the velocities in Figures 5 and 13 increase

Figure 3. Distinct m values for U.
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Figure 4. Distinct Gr values for U. Figure 5. Distinct Pr values for U.

Figure 8. Distinct t values for U. Figure 9. Distinct w values for U.
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Figure 14. Distinct ¢ values for V. Figure 15. Distinct R values for V.
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25

Figure 16. Distinct t values for V.

as the Prandtl number rises. The increase in both velocities
(U and V) with rising Prandtl number can be attributed to
the influence of the Prandtl number on the boundary layer
thicknesses, which in turn affects heat transfer rates and
fluid motion within the boundary layer.

The ¢ increment causes the U and V in Figures 6
and 14 to decrease. Particles with a larger mass incre-
ment weigh more and study about diminish in velocity.
The primary velocity U in Figure 7 is decreased and V
in Figure 15 rises as a result of the radiation increase.
Because of how quickly the fluid moves with oscillations.
Figure 8 shows an increase in primary velocity U for an
ascending value of time (t), and Figure 16 shows a rever-
sal of the trend in secondary velocity V. Figure 3 shows
that U fell when the value of the Hall parameter (m) was
raised, while Figure 11 shows that the V trended in the
same direction.
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Figure 18. Variations in temperature using various ¢ values.

Figure 17. Distinct w values for V.

Temperature Profile Parameter Exploration

In Figure 18, the temperature decreases as the solid
volume fraction increases due to weight because a higher
solid volume fraction implies a greater mass of solid par-
ticles within the system. As a result, more thermal energy
is absorbed by the increased mass of solid particles, lead-
ing to a reduction in the overall temperature of the sys-
tem. Thermophoresis refers to the movement of particles
in response to a temperature gradient. In a nanofluid,
this phenomenon can cause the nanoparticles to migrate
toward regions of higher or lower temperature depending
on the specific characteristics of the particles and the fluid.
This movement can affect the distribution of nanoparticles
within the fluid and consequently influence its thermal
behavior. In Figure 19. increment of Pr values leads to a
decrease in the temperature. To lower the temperature ther-
mal diffusivity, add the Prandtl number values together.
In the temperature profile, the most specific parameter is

Figure 19. Variations in temperature using various Pr values.
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Figure 20. Variations in temperature using various R values.

radiation, and noted that an increment of radiation leads to
a decrease the temperature in Figure 20.

For a choice of t = 0.10, 0.16, 0.21, and 0.26, 0.31, 0.36,
the temperature variations are shown in Fig 21. and because
of improved temperature boundary conditions, each unit of
time results in a temperature rise. Enhanced temperature
boundary conditions may minimize heat loss from the sys-
tem to the surroundings, preserving more thermal energy
within the system and contributing to a continuous tem-
perature rise.

Exploration of Nu & C;

In Table 2, various values of solid volume fraction,
R, Pr, and t are considered and enumerated. The relative
contributions of convective and conductive heat trans-
port are shown by the magnitude of the Nusselt number,
a dimensionless quantity. Convective heat transmission is

Table 2. Variations of Nusselt values

t Pr ¢ R -0'(0)
0.1 0.71 0.15 0.7 0.1408
0.4 0.71 0.15 0.7 0.7053
0.9 0.71 0.15 0.7 2.0375
0.2 1.7 0.15 0.5 0.4031
0.2 4.3 0.15 0.5 0.6103
0.2 6.8 0.15 1 0.7581
0.5 0.71 0.11 1 1.0185
0.5 0.71 0.26 1 0.9258
0.5 0.71 0.31 1 0.8549
0.1 0.71 0.15 0.5 0.1323
0.1 0.71 0.15 1.5 0.1629
0.1 0.71 0.15 2.5 0.1784

0.4

Figure 21. Variations in temperature using various t values.

Table 3. Modifications to the Nusselt number

Pr Ref.[3] Present Study
0.71 0.5461 0.4492
1.0 0.7692 0.4986
7.1 5.3846 1.1271

predominant when the Nusselt number is large, but con-
ductive heat transfer is more important when the Nusselt
number is low.

Tabulate the Nusselt numbers calculated from simula-
tions for different nanoparticle volume fractions or Prandtl
numbers. This table provides insights into how these
parameters influence the heat transfer rate from the plate
to the fluid. By comparing numerical results with existing
analytical solutions or benchmark cases, researchers can
validate the accuracy of their computational models for
alumina nanofluid and gain confidence in their predic-
tive capabilities. Additionally, any discrepancies between
numerical and analytical results can provide insights into
the limitations of the computational approach and guide
further improvements in the modeling techniques used.

The Nusselt numbers are listed in Table 3 and Figure 22
and Figure 23, increments of t and R direct to increase the
Nusselt number. Convective heat transmission is predomi-
nant when the Nusselt number is large, but conductive heat
transfer is more important when the Nusselt number is low.

The latest research paper likely shows improved phase
angle results due to advanced experimental or compu-
tational techniques enhancing measurement accuracy.
Refinement of parameters to better reflect real-world con-
ditions and updated material property data, especially heat
and mass transfer coefficients, could have significantly
influenced the outcomes.
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Nusselt Number

Figure 22. Nusselt number values for various t.

Table 4. Differences between U and V>s skin friction coefficient values

0.2

Nusselt Number

Figure 23. Nusselt number values for various R.

t ¢ Pr R M Gr w m G G

(Primary) (Secondary)

0.3 1.5836 0.5075

0.5 0.15 0.71 1 5 /3 1 1.6471 1.0139

0.9 1.1367 2.1822

0.16 1.6439 0.7331

0.4 0.29 0.71 1 5 /3 1 1.6285 0.6089

0.43 1.5275 0.5274

2.1 1.7370 0.5007

0.3 0.15 5.1 1 5 /3 1 1.6505 0.2121

7.1 1.6096 0.2938

1.2 1.6737 1.0376

0.5 0.15 0.71 1.4 5 /3 1 1.6935 1.0686

1.6 1.7083 1.1062

3.7494 1.7759

0.6 0.15 0.71 1 5 /3 1 4.7750 2.1555

5.7851 2.5516

1.6144 0.7934

0.4 0.15 0.71 1 8 /3 1 1.5583 0.8849

10 1.5023 0.9764

/6 2.2126 1.3893

0.7 0.15 0.71 1 5 /4 1 1.9058 1.4775

/2 0.4310 1.8405

0.5 1.6453 0.1788

0.2 0.15 0.71 1 5 /3 2.0 1.2509 0.4225

3.0 1.1386 0.5223
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Table 5. Contrasting the outcomes of skin friction coeffi-
cient (Cf)

o) Rajput et al. current study
AcrossU  AcrossV  Across U Across V
/6 8.46596 -1.16007 1.7239 0.8630
n/4 8.30705 -1.16017 1.6307 0.9109
/3 8.09995 -1.16028 1.5023 0.9764

Current study values are positive and positive skin fric-
tion values indicate that the shear stress acts in the same
direction as the flow of the fluid. This means that the fluid
is exerting a force on the surface in the direction of the flow.
Several variables, including surface roughness and flow
characteristics, affect the skin friction coefficient in Table 5.
In other contexts, negative skin friction values indicate that
the shear stress acts opposite to the direction of the fluid
flow. This means that the surface is exerting a resistive force
on the fluid, opposite to the flow direction. To minimize
skin friction and reduce drag, it is frequently employed in
the analysis of boundary layer flow over surfaces, such as
aircraft wings. Note that the skin friction coefficient might
have several different formulations based on the particulars
of the flow under consideration and the context in which it
is used. MATLAB has calculated the Cyvalues of the U and
V and listed them in Table 3 for a variety of values of ¢, t,
Pr, R, w, M, and m. Skin friction in V lowers in value over
time. Additionally, it has been found that skin friction gets
progressively less as M gets larger.

CONCLUSION

Radiative oscillating vertical plates at various tempera-
tures have been explored accompanied by MHD and Hall
current. The Hall Effect combined with nanofluids that
have magnetic nanoparticles can potentially boost and reg-
ulate heat transfer in thermal systems. It seems like manip-
ulating the magnetic field could influence the distribution
of the nanoparticles and maximize heat transfer efficiency.
Magnetic nanofluids have proven to be very useful in bio-
medical applications, especially for targeted drug delivery.
The Hall Effect is a phenomenon that can be used to guide
and direct these magnetic nanofluids to specific locations
within the body. By applying an external magnetic field, the
nanofluids can be precisely directed to the desired location,
which can help to increase the effectiveness of drug delivery
while minimizing potential side effects. Utilizing the Laplace-
transform approach, equations are resolved. For both U and
V, the possessions of various parameters Gr, Pr, t, R, M, m,
and solid volume fraction are visually explored. The Skin
Friction Coefficient and the Nusselt number are investigated
with different numerical values. There are so many different
types of nanoparticles out there that could be used to create
new and improved nanofluids. Future research work may be

performed using new and improved Nanofluids. Following

are the conclusions reached by the current study.

= The velocity in the primary and secondary flow
increases as the Prandtl number and Grashof number
are increased. In contrast, the solid volume particle,
Hall parameter, magnetic field parameters, and phase
angle are reversed. Increases in time, increase in pri-
mary velocity, and a decrease in secondary velocity
because of oscillations with increased hotness.

= As the radiation parameter and Prandtl parameter have
higher values, the fluid’s temperature falls. However,
because of its large size and stronger boundary con-
ditions, increasing the solid volume particle and time
results rise in temperature.

= The ranges of the Nusselt numbers grow with increasing
values of t, Pr, and R, but decrease with increasing val-
ues of the solid volume fraction.

= For the rise in phase angle, the skin friction values in pri-
mary velocity increased and secondary velocity reduced.

NOMENCLATURE

A Constant

o Thermal diffusivity

B, Constant applied magnetic

B Thermal expansion coefficient

(OX Specific heat at constant pressure

G Coefticient of Skin Friction

E Electric field

€ Dimensionless small quantity

n Pseudo-similarity variable

F Complex Function

g Gravity acceleration

Gr Thermal Grashof number

k Thermal conductivity

M Dimensionless magnetic field parameter
m Hall Parameter

Nu Nusselt Number

w Phase angle

Pr Prandtl number

p Density

¢ The solid volume fraction of the nanoparticles
G Dimensional heat flux from the plate

R Radiation

o Electrical conductivity

tA* Time

t Dimensionless time

T Local temperature of the nanofluid

T, Wall temperature

T, The temperature of the ambient nanofluid
0 Kinematic viscosity

u* v ,w*  Velocity components along x*, y*, z*axes
UV,W  Dimensionless velocity components

U Dynamic viscosity

9 Kinematic viscosity

X 02 Cartesian coordinates
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