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Abstract: The unsteady MHD free convection heat and mass transfer flow of a viscous, incompressible,
and electrically conducting fluid passing through a vertical plate embedded in a porous medium
in the presence of chemical reactions and thermal radiation is investigated. The effects of the Hall
current, rotation and Soret are studied. Using the perturbation approach, one can obtain an accurate
analytical solution to the governing equations for the fluid velocity, fluid temperature, and species
concentration, provided that the initial and boundary conditions are acceptable. It is possible to obtain
expressions for the shear stress, rate of heat transfer, and rate of mass transfer for both plates with
the ramping temperature and isothermal conditions. On the one hand, the numerical values of the
primary and secondary fluid velocities, fluid temperature, and species concentration are presented
graphically. On the other hand, the numerical values of the shear stress and rate of mass transfer for
the plate are presented in tabular form for various values of the relevant flow parameters. These
values are given for a range of pertinent flow parameters. It was determined that an increase in the
Hall and Soret parameters over the whole fluid area leads to a corresponding increase in the resulting
velocity. The resultant velocity continually climbs to a high level due to the contributions of the
thermal and solute buoyancy forces. Lowering the heat source parameter reduces the temperature
distribution, resulting in a lower overall temperature. When there is a rise in the chemical reaction
parameter over the whole fluid area, there is a corresponding decrease in the concentration. The
concentration buoyancy force, Hall current, and Prandtl number reduce the skin friction. On the
other hand, the permeability of the porous medium, rotation, chemical reaction, the Soret number,
thermal buoyancy force, and mass diffusion all have the opposite effects on the skin friction.

Keywords: Hall effect; chemical reaction; Soret effect; momentum boundary layer; thermal boundary
layer; concentration boundary layer

1. Introduction

In several subfields of geophysics, astrophysics, and fluid engineering, theoretical
and practical studies of the hydromagnetic natural convection flow in a rotating medium,

Catalysts 2022, 12, 1233. https://doi.org/10.3390/catal12101233 https://www.mdpi.com/journal/catalysts

https://doi.org/10.3390/catal12101233
https://doi.org/10.3390/catal12101233
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/catalysts
https://www.mdpi.com
https://orcid.org/0000-0001-6267-7779
https://orcid.org/0000-0002-1622-3634
https://orcid.org/0000-0002-3678-9846
https://orcid.org/0000-0003-3151-9967
https://orcid.org/0000-0002-0902-950X
https://orcid.org/0000-0002-9041-3292
https://doi.org/10.3390/catal12101233
https://www.mdpi.com/journal/catalysts
https://www.mdpi.com/article/10.3390/catal12101233?type=check_update&version=1


Catalysts 2022, 12, 1233 2 of 19

considering the effects of radiation, are of significant interest. In light of this, Bestman
and Adjepong [1] investigated the unsteady hydromagnetic free convection flow of an
incompressible, optically thick liquid with radiative heat transfer near a moving flat plate
in a rotating medium by imposing a time-dependent perturbation on a plate temperature
that remained constant. They achieved this by simulating the fluid flow near the plate
as it rotated. Mbeledogu and Ogulu [2] investigated the heat and mass transfer of the
unsteady MHD natural convection flow of a rotating fluid through a vertical porous plate
in the presence of radiative heat transfer. They focused their attention on the effects of the
radiative heat transfer. They used the Rosseland assumption for an optically thick fluid so
as to describe the radiative flux. Recently, Seth et al. [3] examined the effects of thermal
radiation and rotation on the unsteady hydromagnetic free convection flow through an
impulsively moving vertical plate with a ramping temperature in a porous medium. They
achieved this by considering how these factors influenced the flow. It has been observed
that the Hall current plays a crucial role in defining the flow characteristics of a fluid flow [4]
when the density of the electrically conducting fluid is low and the applied magnetic field
is high. It is essential to remember that the Hall current and rotation both cause a secondary
flow to be produced in the flow field. Sarkar et al. [5] investigated the effects of Hall current
on the unsteady MHD free convective flow behind an accelerated moving vertical plate
with viscous and Joule dissipations. Anjali Devi and colleagues [6] studied the unsteady
MHD free convection flow across an impulsively moving porous plate with viscous and
Joule dissipations. Researchers Farhad et al. [7] examined the impacts of Hall current
on an unsteady hydromagnetic rotating flow through a moving plate with an unlimited
number of pores while the vessel was in a porous medium in a slip state. Raghunath
and Mohanaramana [8] researched the Hall, Soret, and rotational effects on an unsteady
MHD rotating flow of a second-grade fluid through a porous media when a chemical
reaction and an aligned magnetic field were also present. The Hall and ion slip radiative
flow of a chemically reactive, second-grade fluid through a porous saturated space was
investigated by Raghunath et al. [9] using a perturbation technique. The development of
the heat and mass transport in the presence of Hall, ion slip, and thermos-diffusion in a
radiative second-grade material was recently investigated by Deepthi et al. [10].

The study of how thermal radiation influences the flow and heat transfer has become
more significant in the industrial sector. At high temperatures, there is potential for consid-
erable changes to occur in both the heat transfer and temperature profiles of micropolar
fluids across a variety of geometries, as indicated in a study by Battacharyya et al. [11].
The effects of radiation on the thermal boundary layer flow of a micropolar fluid moving
toward a permeable stretching sheet were studied by Hussain et al. [12]. Oahimire and Ola-
juwon [13] examined the impacts of the Hall current and thermal radiation on the heat and
mass transfer of the chemically reacting MHD flow of a micropolar fluid through a porous
material. Mabood et al. [14] investigated the impacts of a nonuniform heat source/sink
and Soret on an MHD non-Darcian convective flow of a micropolar fluid in the presence of
radiation when the flow was observed to occur past a stretched sheet. The effects of the
Soret, rotation, Hall, and ion slip on the unsteady MHD flow of a Jeffrey fluid through a
porous medium in the presence of heat absorption and chemical reactions were investigated
by Raghunath et al. [15]. The unsteady MHD convective flow of a Newtonian fluid passing
through an inclined plate in the presence of chemical reactions with radiation absorption
and Dufour effects was examined by Obulesu et al. [16]. Nagesh and Raghunath [17]
examined the impacts of Soret radiation and chemical reactions on MHD Jeffrey fluid flow
when it was directed via an inclined plate embedded in porous media.

Additionally, due to its many practical uses in the chemical and hydrometallurgical
industries, the study of the heat and mass transfer flow in the presence of chemical re-
actions has garnered a significant amount of interest in recent years. Homogeneous and
heterogeneous chemical reactions are the two most common kinds of chemical reactions.
If a chemical reaction takes place at an interface rather than in a single phase across its
volume, it is referred to as a heterogeneous reaction rather than a homogeneous reaction.
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A heterogeneous reaction takes place in a confined area or inside the border of a phase,
in contrast to a homogeneous reaction, which takes place evenly over the entire the given
phase. melting, the production of ceramics and glassware, catalytic chemical reactors, the
production polymers, the manufacturing of ceramics and glassware, and the initiation of
exothermic or endothermic chemical reactions are just some of the numerous important
applications of heat and mass transfer flows with chemical reactions. There are a great
number of other important applications as well. A number of researchers, mindful of
the importance of this kind of study, have examined the hydromagnetic free convection
heat and mass transfer flow of a viscous, incompressible, and electrically conducting fluid
moving past a vertical plate in the presence of a first-order chemical reaction under a variety
of different conditions. The means by which a chemical reaction, with suction, might im-
pact an isothermal moving vertical surface was investigated by Muthucumaraswamy [18].
Ajibade et al. [19] discussed the impact of a chemical reaction on the erratic hydromagnetic
natural convective coquette flow in a vertical channel packed with porous materials. Re-
cently, the authors of [20–25] investigated how different flow geometries are impacted by
chemical interactions.

The essential engineering implementations for an MHD boundary layer flow with heat
transfer include the consequences of Hall current. These applications are found in MHD
power generators and pumps, Hall accelerators, refrigeration coils, electric transformers,
in-flight MHD, solar physics involved in the development of sunspots, the solar cycle,
the structure of magnetic stars, electronic system cooling, cool combustors, fiber and
granular insulation, oil extraction, thermal energy storage, and fluorohydrodynamics
(flooding). Satya Narayana and colleagues [26] investigated the effects of Hall current and
the radiation–absorption process on the MHD natural convection heat and mass transfer
flow of a micropolar fluid in a rotating frame of reference. Seth et al. [27] investigated the
effects of Hall current and the rotation on the unsteady hydromagnetic natural convection
flow of a viscous, incompressible, electrically conducting, and heat-absorbing fluid moving
past an impulsively moving vertical plate with a ramped temperature in a porous medium.
They also took into account the effect of thermal diffusion. Seth et al. [28] studied the effects
of the Hall current, thermal radiation, and rotation on the natural convection heat and mass
transfer flow flowing past a moving vertical plate. Takhar et al. [29] examined the influence
of Hall current on the MHD flow over a moving plate in a fluid that rotates with a magnetic
field and has a free stream velocity.

The focus of the current investigation is the analysis of the effects of the Hall current
and rotation and the Soret effect on the unsteady MHD free convection flow of a viscous,
incompressible, electrically conducting fluid moving past an impulsively movable vertical
plate in a porous medium in the presence of thermal radiation and chemical processes.
This investigation was carried out in the presence of thermal radiation and chemical
reactions. A general solution is produced, firstly, by transforming the governing equations
into a set of normalized equations, and then solving the equations analytically using the
perturbation method, thereby obtaining the answer. The effects of the various parameters
on the fluid velocity, temperature, and concentration distributions are plotted and discussed.
These parameters include the magnetic field parameter, Schmidt number, Prandtl number,
and Grashof number for the heat transfer and mass transfer, chemical reactions, thermal
radiation, Hall current, rotation, and Soret effect.

2. Formulation of the Problem

The coordinate system is selected so that the x-axis is assumed to be situated along
the plate in the upward direction, and the y-axis is regarded to be normal to the plate’s
plane when immersed in the fluid. The application of a uniform transverse magnetic
field, denoted as B0, is performed in the perpendicular direction to the y-axis. The fluid
and the plate spin are in the same direction around the y-axis, with the same constant
angular velocity. The temperature at the surface of the plate is raised to the desired uniform
temperature, and the concentration of species on the surface of the plate is raised to
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the desired uniform concentration before being maintained at that level afterward. The
geometry of the problem can be seen in Figure 1. All physical parameters, except for the
pressure, depend solely on y and t. This is because the plate has an unlimited extension
in both the x and z directions and does not conduct electricity. Because there are neither
applied voltages nor polarized voltages, the impact of polarization on the fluid is essentially
null. In this scenario, no electrical energy is either contributed to or withdrawn from the
liquid in question. The induced magnetic field produced by the velocity of the fluid is
insignificant in contrast to the magnetic field applied. This presumption is reasonable, since
the magnetic Reynolds number is relatively low for partly ionized fluids and liquid metals,
which are often used in various industrial applications.
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Figure 1. The geometry of the problem.

Keeping in mind the statements mentioned above, the governing equations for the
natural convection flow of an electrically manipulating, viscous, incompressible liquid via
an infinite upright plate implanted in a homogeneous permeable medium in a revolving
system with heat and mass transfer are provided [10] by:

∂u
∂x

+
∂v
∂y

= 0 (1)

∂u
∂t

+ w
∂u
∂z
− 2 Ω v = −1

ρ

∂p
∂x

+ v
∂2u
∂z2 +

α

ρ

∂3u
∂z2∂t

+
B0 Jy

ρ
+ gβ(T − T∞) + gβ∗(C− C∞) − v

k
u (2)

∂v
∂t

+ w
∂v
∂z

+ 2 Ω u = −1
ρ

∂p
∂y

+ v
∂2v
∂z2 +

α

ρ

∂3v
∂z2∂t

− B0 Jx

ρ
− v

k
v (3)

∂T
∂t

+ w
∂T
∂z

=
k1

ρCp

∂2T
∂z2 −

Q0

ρCp
(T − T∞)− 1

ρCp

∂qr

∂z
(4)

∂C
∂t

+ w
∂C
∂z

= D
∂2C
∂z2 − Kc(C− C∞) + D1

∂2T
∂z2 (5)

Additionally, Equation (1) indicates the continuity equation, Equations (2) and (3)
represent the momentum equation with the applied magnetic field and mixed convection
assumptions, Equation (4) highlights the temperature equation subject to the thermal
radiation and heat generation/absorption, and Equation (5) signifies the concentration
equation with the chemical reaction effect.

The proper boundary conditions are provided by the aforementioned presumptions.
In the case of the velocity distributions, thermodynamics and intensity:

u = U0, v = 0, T = Tw + ε (Tw − T∞)eiwt, C = Cw + ε(Cw − C∞)eiw t at z = 0 (6)

u→ U∞, v→ 0, T → T∞ C → C∞ as z→ ∞ (7)



Catalysts 2022, 12, 1233 5 of 19

In mathematics, we take into account a formulation for a limit of optically thin grey
gas that is close to the equilibrium in the specified form, by [30,31]:

∂qr∗
∂y∗ = 4(T∗ − T∗w) I (8)

where I =
∞∫
0

Kλω

(
∂ebλ
∂T

)
ω

dλ, and the absorbance factor at the wall, in addition to ebλ, is

Planck’s function.
We suppose, since the equation for continuity shows that w is either a constant or a

time related function, that:
w = −w0 (1 + A ε ent) (9)

where A is a constant that is actually positive. ε and Aε are smaller than unity, and w0 is
the balance of the suction velocity with a non-zero positive constant. Suppose that the
magnetic field has enormous strength. In that case, the exhaustive Ohms commandment to
incorporate the Hall currents is unique. With the Hall currents assumed, the generalized
Ohm’s law [32] can be expressed as follows:

J +
ωe τe

B0
(J × B) = σ

[
(E + V × B) +

1
eηe
∇Pe

]
(10)

Furthermore, we presume that the electric field E = 0, under suppositions, dimin-
ishes to:

Jx + mJy = σB0 v (11)

Jy −mJx = −σB0u (12)

On solving Equations (11) and (12), we obtain:

Jx =
σB0

1 + m2 (mu + v) (13)

Jy =
σB0

1 + m2 (mv− u) (14)

Substituting Equations (13) and (14) for Equations (2) and (3), respectively, the resulting
equations are:

∂u
∂t

+ w
∂u
∂z
− 2 Ω v = −1

ρ

∂p
∂x

+ v
∂2u
∂z2 +

α

ρ

∂3u
∂z2∂t

+
σB0

ρ(1 + m2)
(mv− u) + gβ(T − T∞) + gβ∗(C− C∞) − v

k
u (15)

∂v
∂t

+ w
∂v
∂z

+ 2 Ω u = −1
ρ
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∂y

+ v
∂2v
∂z2 +

α

ρ

∂3v
∂z2∂t

− σB0

ρ(1 + m2)
(mu + v)− v

k
v (16)

Combining Equations (15) and (16), let q = u + iv and ξ = x− iy. We obtain:

∂q
∂t
− w

(
1 + εAent)∂q

∂z
+ 2i Ω q = −1

ρ

∂p
∂ξ

+ v
∂2q
∂z2 +

α

ρ

∂3q
∂z2∂t

− σB0

ρ(1− im)
q + gβ(T − T∞ ) + gβ∗(C− C∞)− 1

K
q (17)

Outside the boundary layer, Equation (17) gives:

− 1
ρ

∂p
∂ξ

=
dU∞

∂t
+

v
k

U∞ +
σB2

0
ρ

U∞ (18)
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To uniformly express the physical problem mathematically, the subsequent non-
dimensional quantities and parameters are provided:

q∗ = q
w0

, w∗ = w
w0

, z∗ = w0 z
v , U∗0 = U0

w0
, U∗∞ = U∞

w0
, t∗ = t w2

0
v , θ = T−T∞

Tw−T∞
, φ = C−C∞

Cw−C∞
,

M2 =
σ B2

0v
ρw2

0
, Pr = v ρCp

k1
= v

α , Sc = v
D , Gr = vgβ(Tw−T∞)

w3
0

, Gm = v gβ∗(Cw−C∞)

w3
0

,

k =
w2

0k
v2 , R = Ω v

w2
0

, H = v Q0
ρCpw2

0
, S =

w2
0 α1

ρ v2 , Kc =
Kcv
w2

0
, S0 = D1(Tw−T∞)

w0(Cw−C∞)
, F = 4I1v

ρCpw2
0

(19)

When reduced, the governing Equations (2)–(5) use non-dimensional variables:

∂q
∂t
− (1 + Aε ent)

∂q
∂z

=
dU∞

dt
+

∂2q
∂z2 + S

∂3q
∂z2∂t

−
(

M2

1− im
+ 2iR +

1
k

)
q + Gr θ + Gm φ (20)

∂θ

∂t
− (1 + Aεent)

∂θ

∂z
=

1
Pr

∂2θ

∂z2 − (H − F) θ (21)

∂φ

∂t
− (1 + Aεent)

∂φ

∂z
=

1
Sc

∂2φ

∂z2 − Kcφ + S0
∂2θ

∂z2 (22)

The corresponding boundary conditions given are:

q = U0, θ = 1 + ε ent, φ = 1 + εent at z = 0 (23)

q = 0, θ = 0, φ = 0 as z→ ∞ (24)

3. Solution of the Problem

A group of partial differential equations, represented by Equations (20) and (22), are
not amenable to a closed-form solution. However, suppose they can be reduced to a set of
analytically solvable differential equations in a dimensionless form. This can be achieved
by representing the velocity, temperature, and concentration as follows:

q = q0(z) + εentq1(z) + O
(

ε2
)

(25)

θ = θ0(z) + εentθ1(z) + O
(

ε2
)

(26)

φ = φ0(z) + εentφ1(z) + O
(

ε2
)

(27)

Equations (25)–(27) are replaced by Equations (20)–(22), combining the harmonic and
nonharmonic terms, ignoring the higher order terms of O

(
ε2). As a result, the following

pair of equations are obtained:(q0, θ0, φ0) and(q1, θ1, φ1)

∂2q0

∂z2 +
∂q0

∂z
−
[

M2

1− im
+ 2iR +

1
k

]
q0 = −Gr θ0 − Gm φ0 (28)

(1 + Sn)
∂2q1

∂z2 +
∂q1

∂z
−
[

M2

1− im
+ 2iR +

1
k
+ n

]
q1 = −Gr θ1 − Gm φ1 − A

∂q0

∂z
(29)

∂2θ0

∂z2 + Pr
∂θ0

∂z
− (H − F)Pr θ0 = 0 (30)

∂2θ1

∂z2 + Pr
∂θ1

∂z
− (H − F + n) Pr θ1 = −APr

∂θ0

∂z
(31)

∂2φ0

∂z2 + Sc
∂φ

∂z
− Sc Kc φ0 = Sc So

∂2θ0

∂z2 (32)
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∂2φ1

∂z2 + Sc
∂φ1

∂z
− (n + Kc)Sc φ1 = −

(
A

∂φ0

∂z
+ So

∂2θ0

∂z2

)
Sc (33)

The corresponding boundary conditions are:

q0 = U0, q1 = 0, θ0 = 1, θ1 = 1, φ0 = 1 , φ1 = 0 at z = 0
q0 = 0, q1 = 0, θ0 = 0, θ1 = 0, φ0 = 0, φ1 = 0 as z→ ∞

(34)

Solving Equations (28)–(33) under the boundary conditions of Equation (34), we
discover the field of velocity, temperature, and concentration:

q(z, t) = b9 exp(−m1z) + b10 exp(−m3z) + b11 exp(−m5z)+

εent
(

b12 exp(−m1z) + b13 exp(−m2z) + b14 exp(−m3z)+
b15 exp(−m4z) + b16 exp(−m5z) + b17 exp(−m6z)

)
(35)

θ(z, t) = exp(−m1z) + εent(b1 exp(−m1z) + b2 exp(−m2z)) (36)

ϕ(z, t) = b1 exp(−m1z) + b4 exp(−m3z) + εent(b5 exp(−m1z) + b6 exp(−m2z) + b7 exp(−m3z) + b8 exp(−m4z)) (37)

3.1. Skin Friction

The skin friction, which is presented in a non-dimensional form and is derived as
follows, is an essential quantity in terms of the physical state of the boundary:

τ =

(
∂u
∂y

)
y=0

= −
(
(b9m1 + b10m3 + b11m5) + εent

(
b12m1 + b13m2+

b14m3 + b15m4 + b16m5 + b17m6

))
(38)

3.2. Nusselt Number

Another physical quantity, such as the rate of heat transfer, is represented as the
Nusselt number by:

Nu = −
(

∂θ

∂y

)
y=0

= m1 + εent(b1m1 + b2m2 ) (39)

3.3. Sherwood Number

Additionally, the rate of mass transfer can be expressed as the Sherwood number,
which can be determined by:

Sh = −
(

∂C
∂y

)
y=0

=
(
(b1m1 + b4m3) + εent(b5m1 + b6m2 + b7m3 + b8m4)

)
(40)

4. Results and Discussion

The preceding sections employed the perturbation approach to analytically solve the
governing equations and boundary conditions. Finally, the suitable non-dimensional flow
parameter’s effects on the primary (u) and secondary (v) velocity, temperature (θ), and
concentration(ϕ) distribution were obtained. This includes both graphic representations
of non-dimensional quantities, as well as tabular representations of non-dimensional
quantities. In Figures 2–9, we take M = 2.0, k = 0.50, Gr = 5.0, S = 1.0, Gm = 3.0, R = 1.0,
m = 0.20, Pr = 0.710, H = 1.0, Sc = 0.220, Kc = 1.0, n = 0.50, t = 0.50, F = 1.0. The authors
of [33–38] described some important investigations regarding mathematical techniques
and nano concepts.
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raising the Hall constraint m across the fluid media, the principal velocity and secondary 
velocity are both improved. It was found that the motivation Frontier stratum thicknesses 
across all liquids section rose together with the resultant speed, which served as reinforce-
ment in the Hall factor. The intensity of the renitent magnetic field is decreased by the 
integration of the Hall parameter since it reduces effective conduction. For example, the 
proper operation and generation of a Hall current depend on the ions’ to electrons’ rela-
tive mobility in MHD Hall generators. For ionised helium gas, this is the situation. I feel 
that the electron Hall parameter should be arbitrarily increased in value. boost a hall gen-
erator’s efficiency, to the best of my understanding and intuition. the pertinent engineer-
ing and industrial applications of the Hall result include present changes, proximity sens-
ing, speed detection, keyboard switches, computers, and Galaxy S4 accessories, tachome-
ters, antilock brakes, magnetometers, DC motors, disc drives, and other existing sensor 
devices. Other uses include those for current sensing, speed detection, and proximity 
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in Figure 9. Figure 9 clearly shows that when the Soret number, So, increases, so do u and 
v. This suggests that throughout the region of the boundary layer, the Soret number ac-
celerates secondary and primary fluid velocities. A decrease in the mixture’s viscosity is 
indicated by an increase in the number of Sorets. As a result, the effects of inertia and 
viscosity are enhanced. As a result, the velocity components grow. The impact of Prandtl 
number Pr on temperature profiles is shown in Figure 11. The ratio of thermal diffusive-
ness to kinematic viscosity is known as the Prandtl number. A similar tendency is detected 
with an increase in H in Figure 12. According to what was predicted, increasing the value 
of H made the temperature differences less noticeable—Because temperature source pa-
rameters indicate Transfer of warm energy and temperature absorption. Because of this, 
the thicknesses of the layers that make up the heat frontier are decreased. Figure 13 Ana-
lyzes a chemical reaction’s impact on concentration profiles. A destructive chemical pro-
cess is examined in this study (Kc > 0). As chemical reactions increase, the distributions of 
concentration shrink. The chemistry is physically accompanied by characterized by many 
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Figure 9. The velocity patterns for u and v plotted vs. So, with k = 0.50, R = 1.0, Gr = 5.0, S = 1.0,
Gm = 3.0, m = 0.20, Pr = 0.710, H = 1.0, Sc = 0.220, Kc = 1.0, n = 0.50, t = 0.50, M = 2.0, F = 1.0.

Figure 2 explains the significance of the Hartmann digit M for the various velocity
components. After enhancing the values of Hartmann number, the velocity profile and its
associated boundary layer declines. Because of the Hall current’s effect on the entire fluid
region, the velocity component v increases. A reduction in the resultant velocity can be
seen when the Hartmann number M is magnified, as is to be expected. This is due to the
conventional result, which states that the Lorentz energy is evidently due to the magnetic
field’s contribution, which rises to the opposing category of force just before the electrically
conducting fluid. Following these qualities, in our study, the fluid stream motions in the
thrust border stratum thicknesses eventually reached a point where they slowed down.
The effects of the Grashof number Gr on the primary and secondary speed profiles are
shown in Figure 3. Because misinterpreted Gr principles can cause buoyancy forces to
increase and viscous forces to decrease, Gr is used to evaluate the relationship between a
fluid’s thermal buoyancy and viscous force. The fluid’s internal resistance will also reduce
when the viscosity lowers, which will increase the fluid velocity. The results of the adjusted
Grashof number Gm on both velocity distributions can be seen in Figure 4. The solutal
Grashof number Gm calculates the ratio of buoyancy to viscous force acting on a fluid;
raising Gm causes the buoyancy to rise and the viscous forces to decrease. The internal
fluid resistance decreases, resulting in an increase in the fluid’s speed.

In fact, it is obvious, observing Figure 5, that a rise in the permeability parameter k
causes the secondary velocity to compress, leading to an increase in the principal velocity
constituent u. The primary velocity component u increases significantly due to the conse-
quences of the Hall current over the whole liquid region. It would appear that the higher
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the quantity of k is, the higher the resultant speed is and, consequently, the greater the
thickness of the momentum boundary layer is. The lower the penetrability is, the more
likely it is that a smaller fluid velocity will be observed in the fluid’s flow constituency.
Figure 6 shows the secondary and main velocity curves of various rotation effects. These
curves provide accessible information. It is clear from Figure 6 that as the value of R
increases, the primary velocity (u) profile and the secondary velocity (v) profile both begin
to decrease. The primary fluid velocity, in most cases, decreases as a result of rotation
throughout the entire boundary layer region. However, v increases due to expanding R in
the area surrounding the plate, while it decreases in the vicinity away from the shield. This
is because the Coriolis force is particularly strong in the region that is located near the axis
of the rotary motion.

Figure 7 shows how the velocity profiles behave when the Hall parameter is used.
By raising the Hall constraint m across the fluid media, the principal velocity and sec-
ondary velocity are both improved. It was found that the motivation Frontier stratum
thicknesses across all liquids section rose together with the resultant speed, which served
as reinforcement in the Hall factor. The intensity of the renitent magnetic field is de-
creased by the integration of the Hall parameter since it reduces effective conduction.
For example, the proper operation and generation of a Hall current depend on the ions’
to electrons’ relative mobility in MHD Hall generators. For ionised helium gas, this is
the situation. I feel that the electron Hall parameter should be arbitrarily increased in
value. boost a hall generator’s efficiency, to the best of my understanding and intuition.
the pertinent engineering and industrial applications of the Hall result include present
changes, proximity sensing, speed detection, keyboard switches, computers, and Galaxy
S4 accessories, tachometers, antilock brakes, magnetometers, DC motors, disc drives,
and other existing sensor devices. Other uses include those for current sensing, speed
detection, and proximity sensing. Figures 8 and 10 depict, respectively, how thermal ra-
diation R affects the primary and secondary fluid velocities and the fluid temperature.
Figures 8 and 10 make it abundantly evident that the thermal radiation lowers the system’s
temperature and velocity. According to physical principles, thermal radiation causes the
fluid medium’s temperature to drop, which in turn causes the liquid particles’ kinetic
energy to drop. The velocities of the fluids are thereby slowed down.
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Figure 10. The influence of the radiation parameter F on the temperature profiles.

Soret number’s impact on secondary fluid velocities are primary fluid velocities seen
in Figure 9. Figure 9 clearly shows that when the Soret number, So, increases, so do u and v.
This suggests that throughout the region of the boundary layer, the Soret number accelerates
secondary and primary fluid velocities. A decrease in the mixture’s viscosity is indicated
by an increase in the number of Sorets. As a result, the effects of inertia and viscosity are
enhanced. As a result, the velocity components grow. The impact of Prandtl number Pr on
temperature profiles is shown in Figure 11. The ratio of thermal diffusiveness to kinematic



Catalysts 2022, 12, 1233 12 of 19

viscosity is known as the Prandtl number. A similar tendency is detected with an increase
in H in Figure 12. According to what was predicted, increasing the value of H made the
temperature differences less noticeable—Because temperature source parameters indicate
Transfer of warm energy and temperature absorption. Because of this, the thicknesses of
the layers that make up the heat frontier are decreased. Figure 13 Analyzes a chemical
reaction’s impact on concentration profiles. A destructive chemical process is examined
in this study (Kc > 0). As chemical reactions increase, the distributions of concentration
shrink. The chemistry is physically accompanied by characterized by many disturbances
for a destructive purpose. Therefore, fluid flow concentration distributions are reduced as
a result of high molecular motion, which increases transport phenomena.
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Figure 14 demonstrates how the species concentration φ rises along with the number
of Sorets. A rise in the Soret effect, by definition, indicates an increase in molar mass
diffusivity. An increase in the increase in concentration is due to molecule mass diffusivity.
This shows that the species concentration in the fluid tends to rise as the Soret number
rises. Figure 15 illustrates the behavior of the Schmidt number (Sc) on the concentration
curves. The momentum to mass diffusivity ratio is represented by the Schmidt number Sc.
It determines the relative effectiveness of momentum and mass transmission by employing
diffusion in the hydrodynamic (velocity & concentration) boundary layer. As well as the
Schmidt number decreases, the fluid’s mass diffusivity.
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The importance of skin friction is delineated in Table 1. An accumulation in the
Hartmann portion will diminish the quantity of variance encountered by the skin fiction
because of Lorentz’s power decreases the friction and drag that it causes on gelatinous
liquid. Examining the Prandtl number, the temperature source parameter, and an increase
in the rotational parameter caused by the Coriolis force will reveal any similarities. By
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increasing the penetrability parameter because of the drag force on the surface’s border, the
surface is also able to withstand greater skin friction.

Table 1. The shear stress.

M k R Pr Gr Gm Sc Kc H So m τ

2.0 0.50 1.0 0.710 3.0 5.0 0.22 1.0 1.0 1.0 0.20 0.6248

3.0 0.7245

4.0 0.7645

1.5 1.9475

2.0 2.0657

2.0 1.6578

3.0 1.7458

3.0 0.8542

7.0 0.8154

6 1.9875

9 2.2547

10 1.8752

15 2.0124

0.4 2.5479

0.6 2.9875

2.0 1.9875

3.0 2.0214

2.0 1.9647

3.0 2.6578

2.0 19875

3.0 2.2448

0.40 2.1254

0.60 2.1004
An t = 5, = 0.5, = 0.5, = 0.01, = 0.5.

Table 2 lists the numerical various of the Nusselt number Nu that were calculated
using the analytical expression for different values of Pr, H, F, Kc. Table 2 shows that the
Nusselt number Nu grows as Pr, H, and Kc increase while decreasing as time F increases.
This suggests that thermal radiation and diffusion both contribute to speed up the plate’s
heat exchange. Heat transfer speed to the plate decreases over time.

Table 3 lists the numerical the Sherwood number’s values Sh that were calculated
using the analytical equations for a mixture of values of Sc, Kc, So and t. Tab:3 shows
that while the rate of mass transfer drops as So increases, it increases when Sc, Kr and t
increase. This suggests that the rate of mass transfer at the plate is generally increased by
mass diffusion, chemical response restriction, and time. The opposite is true for thermal
radiation, thermal diffusion, and Soret number. The main speed results and the secondary
rapidity outcome of Deepthi et al. [10] was in perfect agreement (Table 4).
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Table 2. The Nusselt number (Nu).

Kc H F Pr Nu

1.0 1.0 1.0 0.710 0.445215

2.5 0.645214

3.5 0.712032

2.5 1.578521

3.5 1.945214

2.5 0.978521

3.5 0.978521

3.5 3.478542

7.5 7.578512
A = 5.0, є = 0.010, Sc = 0.220.

Table 3. The Sherwood number.

Kc Sc So T F Sh

1.0 0.220 0.50 0.50 1.0 0.578521

2.5 0.645876

3.5 0.778521

0.35 0.712014

0.45 0.978520

2.5 2.801234

3.5 1.312478

1.5 0.498741

2.5 0.445214

2.5 1.278521

3.5 1.045210
A = 5.0, є = 0.010.

Table 4. The findings for the primary velocity compared and contrasted.

M K Gr Gm Previous Results
Deepthi et al. [10] Present Values

2.0 0.50 5.0 3.0 0.70785200 0.7458752

3.0 0.44587710 0.4785214

4.0 0.33254700 0.3785214

1.00 0.75266440 0.7785214

1.50 0.85657100 0.8021448

10.0 0.97521200 0.9321477

15.0 1.00214700 1.0785214

6.0 0.76578280 0.7785214

9.0 0.81032570 0.8654785
A = 5.0, n = 0.50, t = 0.50, є = 0.010, U0 = 0.50, m = 1.0, Sc = 0.220, Kc = H = 1.0, and So = 0.

5. Conclusions

An examination of Hall’s impact currents, turns, plus Soret numbers on top of an
incompressible, viscous, electrically conductive second-order liquid that undergoes heat
and mass relocates as it passes through a never-ending vertical plate set into a porous
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media is presented. Correct results of the main equations were generated utilizing the
regular perturbation method. Fluid velocity, heat, and species concentration are shown in
fine-grained graphs, and their interactions with other physical variables are discussed.

Thermal removal energy tends to slow down the secondary liquid speed along the
border line line coating area. The primary liquid speed tends to rise close to the plate due
to the thermal buoyancy effect. Thus, the primary liquid speed changes direction in the
area furthest from the shield. absorption buoyancy accelerates secondary and primary
fluid velocities through the area of a boundary layer. Additionally, mass extinction has the
opposite result across the entire border line sheet region. In the boundary layer region, the
Hall current has the opposite effect on the primary fluid speed; there the secondary fluid
tends to accelerate its velocity. Rotation increases the secondary liquid speed through the
border line sheet section, although this often has the opposite effect. Due to the permeability
of the porous material, the secondary fluid velocity often increases in the border line line
plate section. However, the primary liquid speed is adversely affected in the boundary
layer section. The Soret step finally increases both the boundary line layer region’s primary
and secondary liquid velocities. An expansion in the boundary layer’s Soret number and
time leads to an increase in species concentration. The effects of mass diffusion and heat
energy slow down species concentrations. Skin friction is decreased by the Prandtl number,
a hall current, and a concentration buoyancy force. The inverse is true for thermal buoyancy
force, permeability, rotation, Soret number, chemical reaction, and mass diffusion. The heat
relocates rate rises by means of the Prandtl number, heat source, and chemical reaction.
Mass transfer rates are increased by chemical reaction, Schmidt number, and time, whereas
they are decreased by heat radiation and Soret number.
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Abbreviations

Nomenclature
A real positive constant
B0 applied magnetic field (A/m)
x, y dimensional co-ordinates (m)
u, v velocity components in x and y directions (m/s)
C non-dimensional fluid concentration (kg/m3)
D1 coefficient of thermal diffusivity (m2 s−1)
g acceleration due to gravity (m s−2)
Gr thermal Grashof number
Gm mass Grashof number
Cw the uniform concentration of the fluid at the plate (kg m−3)
Kc chemical reaction parameter (w/mk)
m Hall parameter
C∞ the concentration of the fluid far away from the plate (kg m−3)
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Nomenclature
B magnetic field vector (A/m)
qw local surface heat flux (W m−2)
Nu local Nusselt number
E electric field vector (c)
V velocity vector (m/s)
k1 thermal conductivity (W/m K)
K permeability parameter
qm local surface mass flux (kg s−1 m−2)
Pe electron pressure (Pascal)
Pr Prandtl number
Sc Schmidt number
Jx, Jy current densities in x and y directions
k permeability of porous medium (m2)
H heat source parameter
J current density vector (A/m2)
Cp specific heat at a constant pressure (J/kg·K)
D coefficient of mass diffusivity (m2/s)
Sh local Sherwood number
w slip velocity (m s−1)
w0 scale of suction velocity
So Soret number
t time (s)
u0 plate velocity (m s−1)
qr radiative heat flux
F radiation parameter (cm−2)
Tw the uniform temperature of the fluid on the plate (K)
T∞ the temperature of the fluid far away from the plate (K)
R rotation parameter
S second grade fluid
M Hartmann number
N constant
Greek symbols
β coefficient of thermal expansion of the fluid
Ω angular velocity (s−1)
τw local wall shear stress (pascal)
τe electron collision time (s)
ωe cyclotron frequency (e/mB)
φ non-dimensional concentration (mol/m3)
v kinematic viscosity (m2/s)
τ local skin friction coefficient
β * coefficient of mass expansion of the solid
Θ non-dimensional temperature (K)
ρ fluid density (Kg/m3)
σ electrical conductivity (S/m)
Subscripts and
Superscripts
∞ free stream conditions
i ions
w conditions on the wall
e electrons
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