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In this work, we studied the impact of Hall current, diffusion thermo, and activation
energy on an electrically conducting Casson nanofluid flow past a continuously
stretching surface with thermal radiation, and heat generation/absorption has been
explored. Transverse magnetic field with the assumption of small Reynolds number is
implemented vertically. Appropriate similarity transformations are utilized to
transform the governing partial differential equations into the non-linear ordinary
differential equations. Numerical solutions for the dimensionless velocity,
temperature and nanoparticle concentration are computed with the help of the
shooting method. Through the use of graphs, the discussion will focus on the effects
that the Hall current, the thermal radiation, the heat source/sink, the Brownian
motion, the thermophoresis parameter, and the magnetization have on velocity,
concentration, and temperature. To get an insight into the internal behavior of the
emerging parameters, a numerical calculation of the local Nusselt number, the
Sherwood number, and the skin friction coefficient along the x-and z axes is
performed. It has been shown that the resultant flow velocity enhances with
increasing hall parameter, whereas it has reduced in temperature and concentration
field. The temperature diminishes with improving diffusion thermo parameters, and
the opposite behavior has been observed in the case of thermal radiation.

1. Introduction

The researcher has developed an interest in non-Newtonian fluids due to the extraordinary
properties that these fluids exhibit in the technical and industrial sciences fields. Some common
examples of non-Newtonian liquids are synthetic lubricants, drilling muds, oils, paints, sugar
solutions, clay coatings, and biological fluids like blood. Other examples of non-Newtonian fluids
include certain stains. Due to the complexity of the mathematical formulation of the flow issue, the
basic Navier-Stokes equations cannot briefly specify the properties of the flow field of non-
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Newtonian fluids. Abundant models for non-Newtonian fluids are defined as deliberate rheological
qualities such as Eyring-Powell, Bulky, Seely, Oldroyd-B, Maxwell, Oldroyd-A, Carreau, Casson,
Burger, Jeffrey, etc. Abundant models for non-Newtonian fluids are defined as deliberate rheological
qualities such as Eyring-Powell, Bulky, Seely, Oldroyd-B, Maxwell, etc. Al-Khaled and Khan [1] have
studied the Thermal aspects of Casson nano liquids, with gyrotactic microorganisms, temperature-
dependent viscosity, and variable thermal conductivity. Ali et al., [2] have investigated the finite
element study of MHD impacts on the rotating flow of Casson nanofluid with the double diffusion
Cattaneo-Christov heat flux model. Ghosh et al., [3] have demonstrated bio-convective viscoelastic
Casson nanofluid flow over a stretching sheet in an induced magnetic field with Cattaneo-Christov
double diffusion. Wang et al., [4] analyzed the numerical simulation of hybrid Casson nanofluid flow
under magnetic dipoles and gyrotactic microorganisms. Prasad et al., [5] have reviewed peristaltic
activity in the blood flow of Casson nanoliquids with irreversibility aspects in the non-uniform vertical
channel. Li et al., [6] analyzed the effects of activation energy and chemical reaction on unsteady
MHD dissipative Darcy—Forchheimer squeezed Casson fluid flow over the horizontal channel. Suresh
Kumar et al., [7] studied the numerical analysis of magnetohydrodynamic Casson nanofluid flow with
activation energy, Hall current, and thermal radiation. Kodi et al., [8] have discussed MHD Casson
fluid flow past a vertical porous plate under the influence of thermal diffusion and chemical reaction.
Kodi and Mopuri [9] expressed an unsteady MHD oscillatory Casson fluid flow past an inclined vertical
porous plate in a chemical reaction with heat absorption and soret effects. Vaddemani et al., [10]
studied the characteristics of MHD Casson fluid flow past an inclined, vertical porous plate.
Nanofluid is a new class of fluid consisting of nanometer-sized particles suspended in a base fluid.
Heat transfer fluids like water, ethylene glycol, and engine oil have low thermal conductivity. They
are essential for the heat transfer coefficient between the medium and the surface. It has been
proven through experiments that the thermal conductivity of nanofluid is appreciably higher than
the base fluids. The term "nanofluid" was first coined by Choi and Eastman [11], who discovered that
suspended nanoparticles in the base fluid could enhance the thermal conductivity of the base fluid
efficiently. The nanoparticles are typically made of Al,Os, SiC, AIN, Cu, TiO, and graphite and have
high thermal conductivity compared to conventional base fluids. Eastman et al., [12] further explored
that adding copper (10 nm) particles in ethylene glycol increases thermal conductivity by up to 40%.
Later on, many researchers reported that adding 1-5% by volume of nanoparticles to ordinary heat
transfer fluids can enhance thermal conductivity by more than 20%. Ahmad and Nadeem [13] studied
the activation energy analysis and its impact on hybrid nanofluids in the presence of Hall and ion slip
currents. Ahmad et al, [14] have analyzed Maxwell nanofluids unsteady three-dimensional
bioconvective flow over an exponentially stretching sheet with variable thermal conductivity and
chemical reaction. Hou et al., [15] have discussed the flow analysis of hybridized nanomaterial liquid
flow in the presence of multiple slips and the Hall current effect over a slender stretching surface.
Ahmad et al., [16] studied the heat enhancement analysis of the hybridized micropolar nanofluid
with Cattaneo—Christov and stratification effects. Ahmad and Nadeem [17] investigated thermal
analysis in the buoyancy-driven flow of hybrid nanofluids subject to thermal radiation. Khan et al.,
[18] studied the mathematical analysis of heat and mass transfer in a Maxwell fluid. Shah and Ullah
[19] reviewed ferrofluid treatment by inserting an electric field inside a porous cavity and considering
forced convection: entropy optimization and heat flux analysis of Maxwell nanofluid configured by
an exponentially stretching surface with velocity slip. Shah et al., [20] discussed the computational
analysis of radiative engine oil-based Prandtl—Eyring hybrid nanofluid flow with variable heat transfer
using the Cattaneo—Christov heat flux model. Tang et al., [21] discussed the computational study and
characteristics of magnetized gold-blood Oldroyd-B nanofluid flow and heat transfer in stenosed
narrow arteries. Asghar et al., [22] analyzed a magnetized mixed convection hybrid nanofluid with
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heat generation, absorption, and velocity slip effects. Recently, Imtiaz Khan et al., [23] have
possessed the design of backpropagated intelligent networks for nonlinear second-order Lane—
Emden pantograph delay differential systems. A recent researcher, AlDosari et al., [24], explored drug
release using nanoparticles in cancer cells on 2-D materials to target drug delivery: A numerical
simulation via the molecular dynamics method, Engineering Analysis with Boundary Elements.
Aljaloud et al., [25] reviewed the bioconvection flow of Cross nanofluid due to the cylinder with
activation energy and second-order slip features.

On the other hand, the combined effects of heat transfer, mass transfer, and chemical reaction
play a significant part in the chemical and hydrometallurgical industries. The chemical reaction can
be of any order; nevertheless, the chemical reaction of the first order is the simplest one because, in
this kind of reaction, the reaction rate and the concentration of the species are proportional to one
another. Smog production is an example of a chemical reaction that occurs in the first order. As a
result of stretching a sheet, a chemical reaction between a foreign material and a working fluid often
occurs in several processes used in chemical engineering. The quality of the final product significantly
impacts the sorts of chemical reactions that may arise when diffusive species interact with the
surrounding fluid. These reactions can either result in the absorption or generation of the species in
guestion. Recently, Raghunath [26] has studied Heat and Mass Transfer of an Unsteady
Magnetohydrodynamic Nanofluid Flow Past a Vertical Porous Plate in the Presence of Chemical
Reaction, Radiation, and Soret Effects. Bafakeeh et al., [27] have reviewed the Hall current and Soret
effects on the unsteady MHD rotating flow of second-grade fluid through porous media under the
influence of thermal radiation and chemical reaction. Raghunath and Mohanaramana [28] have
analyzed Hall, Soret, and rotational effects on the unsteady MHD rotating flow of a second-grade
fluid through a porous medium in the presence of chemical reaction and an aligned magnetic field.
Tlili and Alharbi [29] have reviewed an investigation into the effect of changing the air quality and
stream size on the Trombe wall for two different arrangements of rectangular blocks of phase change
material in this wall. Dero et al., [30] have expressed the contribution of the suction phenomenon
and thermal slip effects for radiated hybrid nanoparticles (Al,03-Cu/H20) with a stability framework.
Banawas et al., [31] have discussed reinforced calcium phosphate types of cement with zinc by
changes in initial properties: A molecular dynamics simulation. Aljaloud et al., [32] have proposed an
investigation of phase change and heat transfer in water/copper oxide nanofluid enclosed in a
cylindrical tank with a porous medium.

Hall current is most noticeable on the absolute magnitude and orientation of the current density
and, as a result, on the magnetic force term. The convective flow issue with the magnetic field is
crucial under the influence of Hall currents because of the technical usage in MHD accelerators,
nanotechnological processing, nuclear energy systems using liquid metals, blood flow regulation, and
heating components. The analysis of magnetohydrodynamic flows with Hall current is optimum for
studying Hall accelerators and flight Magnetohydrodynamics when the magnetic field is of high
intensity, and the gas density is relatively low. Peristaltic flows have many different uses under the
influence of an applied magnetic field. Some examples of these applications include the
magnetohydrodynamic property of blood, the process of dialysis, oxygenation, and hypothermia.
Deepthi et al., [33] have studied the Recent Development of Heat and Mass Transport in the Presence
of Hall, lon Slip, and Thermo Diffusion in Radiative Second Grade Material: Application of
Micromachines. Ganjikunta et al., [34] have analyzed an unsteady MHD flow of a second-grade fluid
passing through a porous medium in the presence of radiation absorption exhibits Hall and ion slip
effects. Kodi et al., [35] studied Hall and ion slip radiative flow of chemically reactive second grade
through porous saturated space via a perturbation approach. Rajakarunakaran et al.,, [36] have
analyzed, Prediction of strength and analysis in self-compacting concrete using machine learning
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based regression techniques. Bai et al.,, [37] have discussed Numerical analysis and two-phase
modeling of water Graphene Oxide nanofluid flow in the riser condensing tubes of the solar collector
heat exchanger. Okonkwo et al., [38] have possessed Optimal sizing of photovoltaic systems based
green hydrogen refueling stations case study Oman.

The heat carried away from the surface by thermal radiation is a significant contributor.
Helicopters, space vehicles, trustworthy equipment design, satellites, atomic furnaces, missiles,
space technology, and processes connected to high temperatures are examples of industrial
businesses that might benefit from its implementation. Reddy et al., [39]: Effect of Thermal Radiation
on MHD Boundary Layer Flow of Nanofluid and Heat Transfer over a Non-Linearly Stretching Sheet
with Transpiration. Kothandapani and Prakash [40] have discussed the effects of thermal radiation
parameters and magnetic fields on the peristaltic motion of Williamson nanofluids in a tapered,
asymmetric channel. Sulochana et al., [41] have analyzed the thermal radiation effect on MHD
nanofluid flow over a stretching sheet. Kho et al., [42] have discussed thermal radiation effects on
MHD with flow heat and mass transfer in Casson nanofluid over a stretching sheet. Raza [43] has
studied thermal radiation and slip effects on Casson fluid's magnetohydrodynamic (MHD) stagnation
point flow over a convective stretching sheet.

The study that Suresh Kumar et al., [7] did was the foundation for the current investigation, which
is an extension of that work. In this research, we investigated the effects of Hall current, diffusion
thermo, and activation energy on an electrically conducting Casson nanofluid fluid flow past in a
vertical direction when a chemical reaction and thermal radiation were present. The governing partial
nonlinear differential equations of flow, heat, and mass transfer are transformed into ordinary
differential equations via a similarity transformation. This allows for a more straightforward analysis.
After that, the issues are solved using numerical methods. The consequences of several non-
dimensional regulating parameters on velocity, temperature, and concentration profiles are
discussed, and the results are shown graphically. When specific conditions are satisfied, the present
study's findings show an exceptionally high degree of unity with the findings of previous
investigations.

2. Formulation of the Problem

Here, steady heat and mass transfer of an incompressible hydromagnetic nanofluid flow along a
vertical stretching sheet coinciding with the plane y = 0, has been considered in the presence of the
Hall current effects. By keeping the origin fixed, two opposite and equal forces are assumed to
employ along the x-axis so that the sheet stretches linearly in both positive and negative direction
(see Figure 1).

i.  With the assumption that the Newtonian nanofluid be electrically conducting and heat
generating/absorbing, a strong magnetic field has been imposed normal to the direction
of flow.

ii.  Moreover, no electric field has been assumed to apply and the frequency of atom-electron
collision has also been considered high for the generation of Hall current effect [44].

iii. Due to the strong magnetic flux density Bo, the Hall current effect is taken into
consideration, however the small magnetic Reynolds number is employed and the
induced magnetic field is ignored.

iv.  Hall current effect is strong enough to give rise to a force in the z—direction and a cross
flow is induced in the same direction which causes a three dimensional flow. It is further
assumed that there are no variations in the flow, heat and mass transfer in the z-direction.
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v. This assumption can be achieved by taking the sheet of infinite width. Non-conducting
plate is considered so that the generalized Ohm’s law in the flow field [45].

vi.  Brownian motion and thermophoresis effects are considered using the Buongiorno model
for the nanofluid [46]. Further, the effects of viscous dissipation and Joule heating are
ignored.

The governing equations for Casson nanofluid along with continuity equation are followed by
Suresh Kumar et al., [7].

X
F 3
T e BE g
u=—ax I
Y
U=ax » BE
¥

Fig. 1. Physical sketch and coordinate system

In light of the premises discussed earlier and the Boussinesq approach, the following is the
arithmetical representation of the problem
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2 m
u§+v§=DBaS D, T ~k*(Cc-cC, T exp[ E, j (5)
OX oy oy T, oy® T K*T

The associated boundary conditions for the PDEs that are in charge are as follows

u=ax, v=0, w=0, T=T,, c=C, aty=0
u—>0, v>0, w0, T->T, C->C, as y—ow

(6)

The similarity conversion that was used so that the PDEs may be translated into dimensionless
ODEs

=\/§y,l//(x, Y)=avx ), w=axg@), dn)=5— = o)== )

Because an optically thick fluid also engages in self-absorption in contrast to emission, the
Rosseland approximation may be used for the radiative heat flux vector gr. We can use the Rosseland
approximation because the absorption coefficient is often dependent on the wavelength and is
substantial. As a result, the value serves as the description of gr.

q - —40, 0°T*
r 3k* ay

(8)

The Rosseland mean absorption coefficient is expressed by the symbol k* in this expression, while
the Stefan—Boltzmann characteristic is represented by the symbol o1.

Because we are functioning under the premise that the temperature fluctuations within the flow
are not particularly important, we can define T#as a linear function. This gives us the ability to predict
T# with high accuracy. We ignore higher-order variables as we proceed with the process of extending
T4 about the temperature of the free stream T using Taylor's series. A rough estimate may be found
in the preceding, which can be obtained from this: The Rosseland mean absorption coefficient is
expressed by the symbol k* in this expression.

T4 ~4T% -3T" (9)

Combining Eq. (8) and Eq. (9), one may arrive at an equation for energy, as shown in the
succeeding.

2 2
W T KT Qg gy, {D acar D_(aTJ}

ox oy pC, oy’ pC oy oy T,\0oy
160,T° 0°T . Duks 0°C
3pC k™ oy* ¢, oy’

(10)

Substitute Eq. (7) into Eq. (2), Eq. (3), Eg. (5) and Eq. (10) generate to acquire the succeeding non-
dimensional equations.
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1 M
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The dimensionless correlated boundary conditions (BCs) are as shadows

f(0)=0, f'(0)=1, g(0)=0, 6(0)=0, ¢0)=1 at #r=0

(15)
f'(7)—>0, 9(n)—>0, 6(n)—>0, ¢n)—>0 as 77—
The significant parameters are specified in the equations that do not include proportions.
2
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3. Physical Quantities of Interests

The relevant physical parameters that have an impact on the flow are the local skin friction
coefficient in the direction of x Cfx and the direction of z Cf;, the local Nusselt number Nux, and the
local Sherwood number Shy. The following explanations apply to these numerical values

Cf,=20m_ of = e Ny = S gn o Kl (17)

X_k(TW_TOO), X_DB(CW_COO)

where twx, Twy, gw and jw are the wall skin friction, wall heat flux and wall mass flux respectively
given by
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Tux = :u{é_u} 1 T = ,U|:@:| v Qw = _k{a_-r:| | jw = _DB {§} (18)
8y y=0 ay y=0 ay y=0 8y y=0

The following is an expression of the factor of skin friction, the Nusselt number, and the Sherwood
number in their non-dimensional forms concerning the similarity component

Re!2Cf =2f"(0), ReY?Cf, =2g'(0), Re¥*Nu, =—(1+R)&'(0), Re¥?Sh =—¢'(0) (19)
4. Solution Methodology

The non-linear ODE system (11-14), susceptible to constraints 15, was solved using the shooting
technique for various values of the related parameters. We were able to figure out from the graphs
that the behavior of the solutions does not change much when the value is greater than 8. Because
of this, and based on the results of the computational experiments described above, we are
considering using the range [0, 8] as the domain of the issue rather than the range [0,2°]. We denote
fbyyi, g by ya, 8 by ys, and ¢ by ys for converting the boundary value problem (11-15) to the following
initial value problem of 9 first-order differential equations.

Y1 =Y,

y;=y3,

1+~

1 M
Vs =m(— Y1Ys +Y; —GrYs +Gr.y, +m(y2 + my4)j
B

1 M
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Yo = Y7,
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Y = Yo,
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5. Results and Discussion

Plotting Figure 2 to Figure 27 allows one to see the influence that several different physical factors
have on the tangential velocity fi(n), the transverse velocity g(n), the nanoparticle concentration ¢
(n), and the temperature 6(n) profiles. In each and every one of these calculations, unless it was
specifically stated differently, we assumed that Nb =0.3, Nt =0.7,Pr=0.71, Le =0.6, =0.5, M = 0.5,
m=0.2,Gr=0.5,Gm=0.5,Q0=0.5,R=1, E=0.5, Du=0.5.

The influence of the magnetic parameter M on the tangential velocity f'(n), longitudinal velocity
g(n), temperature 6(n), and concentration ¢(n) profiles, respectively, is shown in Figure 2 through
Figure 5. The velocity profile f'(n) drops as the values of M rise, and a similar trend has been seen
with the transverse velocity profile g(n). On the other hand, the temperature profile 8(n) and the
concentration profile ¢(n) increase as M grows. When M is increased, a force of drag known as the
Lorentz force also rises. As a result of the fact that this force works against the flow of nanofluid, the
velocity in the direction of the flow slows down. In addition, since an electrically conducting nanofluid
and a strong magnetic field in an order that is orthogonal to the flow are being examined, an increase
in M will result in an increase in the force in the z-direction, which will lead to a decrease in the
longitudinal velocity profile g(n).
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Fig. 2. Influence of M on f(n) Fig. 3. Contribution of M on g(n)
1 T T 1 L
M=0.5 M=0.5
osf =101 0er W=1.0]1
M=1.5 M=1.5
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n
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Fig. 4. Effect of M on 6(n) Fig. 5. Effect of M on ¢ (n)

The effects of the Hall component m on the tangential velocity fi(n), transverse velocity g(n),
nanoparticle concentration ¢(n), and temperature 8(n) patterns are depicted in Figure 6 to Figure 9
accordingly. As m becomes higher, it can be seen in Figure 6 and Figure 7 that the velocity f'(n) and
g(n) profiles go higher as well. On the other hand, Figure 8 and Figure 9 shows that both the

114



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 104, Issue 1 (2023) 106-123

temperature and concentration curves drop as the distance m increases. This is because the
enclosure of the Hall parameter has the effect of decreasing the effective conductivity, resulting in a
diminishing of the resistive force induced by the magnetic field. Therefore, an increase in the Hall
factor increases the velocity component.
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Fig. 6. Influence of m on f(n) Fig. 7. Contribution of m on g(n)
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Fig. 8. Effect of m on 6(n) Fig. 9. Influence of m on ¢ (n)

The influence that the Casson component (B) has on the velocity outline is seen in Figure 10 and
Figure 11. It has come to our attention that as it grows, the velocity and the thickness of the boundary
layer decrease. Therefore, the magnitude of the velocity is more significant in Casson fluid as
contrasted to viscous fluids since the Casson fluid is less dense. The consequences of the thermal
Grashof Gr numeral and the mass Grashof Gm numeral on the tangential velocity f'(n) and the
transverse velocity g(n) are correspondingly portrayed in Figure 12 to Figure 15. The Grashof numeral
is a ratio of the buoyant force to the viscous force. Because it is assembled as a result of the natural
convection flow, it indicates an increase in both the tangential and transverse velocities of the liquid.
This occurs because a more significant Grashof number advances a more vital buoyancy force, which
in turn means a higher flow movement.
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The distribution of the thermal radiation factor R, and Diffusion thermo parameter (Du) on
temperature sector as seen in Figure 16 and Figure 17. It is interesting to note that a higher value of
R strengthens the temperature. This is because the radiation criterion generates thermal energy in
the flow region; as a result, enhancements have been seen in the temperature field. As the Dufour
parameter increases, the energy or temperature profiles increases. The Dufour number denotes the
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contribution of the concentration gradients to the thermal energy flux in the flow. It can be seen that
an increase in the Dufour number causes a rise in temperature.
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Fig. 16. Effect of R on B(n) Fig. 17. Influence of Du on 6(n)

Figure 18 demonstrates that an elevation in the resistance of the heat source or sink causes an
increase in the temperature. This is because an increase in the resistance of heat production causes
the temperature to rise. When it comes to focusing, one might expect to see the exact opposite
behavior (Figure 19). Figure 20 and Figure 21 provide a study that analyzes the Brownian motion
parameter Nb's effect on the temperature and concentration curves. Based on these statistics, we
can deduce that an increase in the values of Nb produces a drop in the nanoparticle concentration
profile while simultaneously increasing temperature. The Brownian motion refers to the random
movement of nanoparticles immersed in a fluid. This motion is induced by the collision of
nanoparticles with the particles that make up the fluid. An increase in the thermophoretic effect
leads to an increase in the Brownian motion effect, which produces a rise in temperature due to
increased kinetic energy.
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The influence of the thermophoresis parameter Nt on the temperature and the nanoparticles
concentration profile is shown in Figure 22 and Figure 23, respectively. When there is a rise in Nt, it
is possible to notice an increase in the temperature and concentration fields. The thermophoresis
parameter is responsible for a substantial part of the flow of heat transfer. When Nt is raised, the
thermophoresis force increases, transporting nanoparticles from the hot zone to the cold region. As
a consequence of this movement, the boundary layer's temperature, and thickness rise. The Lewis
number (Le) influence may be seen in Figure 24 and Figure 25, which depict the temperature and
nanoparticle concentration trends, respectively. It has been shown that increasing Le results in a
temperature rise while increasing the Lewis number results in a drop in concentration. The influence
of the activation energy (E) on the concentration field is seen in Figure 26. The graph demonstrates
that the concentration profile rises as the value of E increases. The Arrhenius function degrades due
to the activation energy snowballing value, which ultimately leads to the encouragement of the
generative chemical reaction, which in turn causes an improvement in the concentration field. When
the temperature is low and the activation energy is high, a lower reaction rate constant is produced,
which causes the chemical reaction to proceed more slowly. Increased focus is the direct result of
this strategy. Figure 27 demonstrates that an increase in the rate of chemical reaction (o) causes a
significant decrease in the concentration profile. A high chemical reaction rate causes a fallout solute
boundary layer to become denser.
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In Table 1, we summarize the effects of various material factors on the local Sherwood numeral,
skin friction factor, and local Nusselt numeral. These mathematical results are achieved for the
following values of Nb = 0.3, B=0.5, Nt =0.7, Pr=0.71, Le = 0.6, M=0.5,m =0.2, Gr=0.5, Gm = 0.5,
Q=0.5, and R = 1. It has been seen that the skin-friction coefficient in the x directive decreases with
an increase in the thermal Grashof number Gr, the mass Grashoff number Gm, the Hall current factor
m, and the Brownian motion factor Nb. On the other hand, it advances with an expansion in the value
of the magnetic factor M, the heat source factor, the radiation, the Prandtl number Pr, and the
thermophoresis parameter Nt. In the z-direction, the coefficient of the skin's friction behaves
differently than in any other direction. When the value of the Hall current parameter m, the thermal
Grashof number, the mass Grashoff number, and the Prandtl number all increase, the Nusselt
number goes up; regardless, it goes down when the value of the magnetic field parameter M, the
heat source factor, and the radiation factor are all increased. The Sherwood numeral exhibits an
increasing behavior for the thermal Grashof numeral Gr, the magnetic field factor M, the Brownian
motion factor Nb, the heat source and radiation factor, and the thermophoresis parameter Nt,
whereas the Grashoff numeral Gm and Prandtl number exhibit a decreasing behavior.

As part of the process to validate the numerical approach that was used, the results were
compared to those that had been achieved in the past by Suresh Kumar et al., [7] for a variety of
parameter values, and the result reveals that there is a good concordance, as can be seen in Table 2.
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Table 1
Numerical values of Re¥/?Cf , Re!?Cf,, ReY?Nu,, Re!?Sh,
Gr Gm Q m Nb R M Pr Nt -2f7(0) -2g'(0) -0’(0) -¢’(0)
0.5 1.28476 0.852112 0.521275 0.9514666
1.0 0.99786 0.912543 0.532396 0.9916275
1.5 0.73544 0.954295 0.545753 1.0249678
0.3 0.987521 0.851283 0.503213 0.1747477
0.6 0.84755 0.985284 0.512408 0.1126548
0.9 0.71257 1.252193 0.578594 0.2756178
1 1.52148 0.852157 0.314535 0.8857502
2 1.02144 0.954796 0.297895 0.7952024
3 0.81254 0.998502 0.231283 0.9458266
0.2 0.95123 0.952158 0.845278 0.5850575
0.4 0.81522 0.961202 0.821507 0.6128604
0.6 0.71251 0.985284 0.803264 0.6972754
0.5 0.94526 1.025494 0.987573 0.7859567
1.0 1.24548 0.985205 0.912524 0.8952854
15 1.40358 0.8512921 0.895207 0.9452954
0.6 0.97857 1.0214497 0.125494 0.9878670
0.71 0.91206 0.9852349 0.157853 0.9459548
0.76 0.84525 0.9032495 0.198723 0.923857
0.3 1.54524 0.9852855 0.854286 0.5120555
0.6 1.12546 0.9120948 0.812553 0.5929858
0.9 0.87528 0.89622378  0.752196 0.612968
0.2 0.712490 0.9875763 0.954224 0.9857589
0.4 0.78528 0.9452254 0912507 0.9744856
06 0.81257 0.9132683 0.865795 0.96490487
0.5 0.87526 1.0875465 0.745236 0.984724
1.0 0.89525 0.9442366 0.736557 0.918570
1.5 0.91254 0.9114367 0.715407 0.9109568
Table 2

Comparison of -0’ (0) for various values of Pr when Nb= 0.3, Nt= 0.7, Pr=
0.71, Le = 0.6, M= 0.5, Gr = 0.5, Gm= 0.5, m=0.2, Q=0.5, R=1, =0, Du=0

Pr Suresh Kumar et al., [7] Present values
0.01 0.019125 0.0181545
0.72 0.807785 0.8737634
1 1.000000 1.0013333
3 1.924785 1.9645345
10 3.732452 3.8264e72

6. Conclusion

In the present research, the impact of the Hall current Diffusion thermo and Activation energy on
heat and mass transfer of nanofluid flowing over a linearly stretching sheet in the presence of thermal
radiation and heat source/ sink is addressed. The main achievements have been summarized as
follows.

i. The temperature 6(n) of the fluid is enhanced while increasing the thermophoresis
parameter Nt and the Brownian motion parameter Nb.

ii. As the Casson fluid parameter (B) increases, there is a corresponding decrease in the
fluid's resultant velocity.
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iii. The temperature rises with the values of the heat source/sink parameter (Q), Diffusion
thermo Parameter (Du) and the Brownian motion parameter (Nb), yet the concentration
profile of nanoparticles falls. On the other hand, the radiation parameter was shown to
have the opposite tendency (R).

iv.  Raising the Prandtl number (Pr) tends to bring about a decrease in both the temperature
and concentration profiles.

v. Arise in Le causes an increase in temperature, but an increase in Lewis number causes a
drop in concentration.

vi.  When the hall parameter (m) is increased, the velocity increases, but the opposite trend
is shown when temperature and concentration are considered.
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