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Abstract: The primary objective of this article is to
investigate the flow of transient magnetohydrodynamics, as
well as the transfer of heat and mass through a permeable
medium by employing a two-term perturbation scheme
approach. Thermal radiation has an effect on the flow of
liquid films, which are taken into consideration. The effects
of flow physical parameters, such as the thermoporesis
parameter (So), the Schmidt number (Sc), the radiation
parameter (R), the Prandtl number (Pr), the permeability
parameter (K), the slip parameter (h), the chemical
reaction parameter (Kc), the Grashof number (Gr), the
modified Grashof number (Gc), and the perturbation
parameter (E), on the distributions of fluid velocity,
temperature, and concentration are analyzed and discussed
in great detail. Two different situations of velocity profiles
were investigated in this study. The first case involved the
flow of a cooled plate with a temperature greater than zero,
while the second case involved the flow of a heated plate
with a temperature less than zero.
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L INTRODUCTION

It is a very significant mechanism that is active in a range
of contexts, ranging from the cooling of electronic circuit
boards in computers to the causing of large-scale
circulation in the atmosphere, as well as in lakes and
seas, which influences the weather. Natural convection,
also known as buoyant or free convection, is a synonym
for "free" convection. Specifically, it is brought about by
the interaction of gravitational fields and density
gradients. You will gain a better understanding of the
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qualitative characteristics of a range of scenarios that you
might come across by reading this quick introduction.

In classical MHD flow control, the boundary
layer flow of an electrically conducting fluid can be
controlled by applying an external magnetic field and
subjecting it to the condition that
conductivity of the fluid should be high (for example, the
liquid form of semiconductors, plasma, electrolytes, and
liquid metals). This would be done in order to achieve
the desired effect. Because of the high electric
conductivity of the fluid, the influence of an external

the electric

magnetic field that is applied is very considerable, even
when the magnetic field is of moderate strength (around
1 Tesla). It is also not necessary to make use of an
external electric field in order to accomplish the goal of
achieving an effective flow control. The electric current
that is created by the external magnetic field is
insufficient to control the flow separation in the case of
fluids that have a poor conductivity, such as sea water. In
this scenario, an external electric field is required to be
applied. The motion that occurs within the boundary
layer can be stabilized by the Lorentz force that is
parallel to the wall. This is accomplished by slowing
down the expansion of the boundary layer. In his article
[1], Midya discusses the effects of chemical reactions
and magnetic fields on the flow of second-grade fluids
that are electrically conducting. Seddeek et al. [2], Salem
and Abd El-Aziz [3], Mohamed [4], and Ibrahim et al.
[5] are only a few examples of the many studies that have
been conducted on the combined impacts of heat and
mass transfer in the presence of MHD and chemical
reaction. Because of its potential uses in soil physics,
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geohydrology, and the filtration of solids from liquids,
chemical engineering, and biological systems, natural
convection flow over a vertical plate that is immersed in
porous media constitutes an extremely important
phenomenon. Convection fluxes in permeable media
have recently garnered a lot of attention due to the fact
that they are extremely important in a variety of
architectural applications. Some examples of these
applications include geothermal systems, strong network
heat exchangers, warm protections, oil extraction, and
the storage of nuclear substances. These can also be
coupled to regular convection in the earth's outer layer,
underground coal gasifcation, ground water hydrology,
divider-cooled synergist reactors, energy-efficient
drying techniques, and other similar processes. It is
possible to find in (Nield and Benjan [6]) detailed
surveys of flow through and flow through permeable
media. Employemath and Patil [7] focused their attention
on the influence that free convection streams have on the
oscillatory movement that occurs through a permeable
medium. This movement is restricted by a vertical plane
surface that maintains a constant temperature
distribution. There has been discussion by Sharma et al.
[8] regarding the fluctuating temperature and mass
exchange that occurs via a permeable medium that has
varying porousness. Literature written by Pop and
Ingham [9], Ingham and Pop [10], Vafai [11], Vadasz
[12], and others provide a complete review of the
material that is currently accessible in this sector. It is
impossible to ignore the effects of thermal radiation heat
transfer when technological activities are carried out at
higher temperatures (Siegel and Howel [13]). This
phenomena has become highly essential. In the industrial
sector, the influence of radiation on MHD flow, heat
transfer, and mass transfer is becoming increasingly
significant. In the field of engineering, there are several
processes that take place at high temperatures, and thus,
having knowledge of radiation heat transfer becomes
highly significant for the design of the equipment that is
relevant to these processes. Knowledge of radiative heat
transmission in the system can lead to the creation of a
product that possesses the attributes that are wanted, and
the quality of the final product is heavily dependent on
the parameters that control the heat. Following the
presence of thermal radiation, Olanrewaju et al. [14]
conducted an investigation on the three-dimensional
unsteady MHD flow and mass transfer in a porous space.
A number of studies have been conducted to investigate
the effects of heat radiation on various flows, including
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those conducted by Cortell [15], Bataller [16], [brahim et
al. [17], Shateyi [18], Shateyi and Motsa [19], Aliakbar
et al. [20], Hayat [21], and Cortell [22], Sindhu Devi et
al. [23] amongst other researchers.

The chemical reaction and Soret effects on
unstable MHD free convective heat and mass transfer via
an infinite vertical plate imbedded in a porous material
when thermal radiation is present have gotten very little
attention, despite the fact that all of these research have
been conducted. In light of this, the primary objective of
the current investigation is to investigate the impacts of
thermal radiation, chemical reaction, and Soret effects on
the flow of unsteady MHD free convection fluid from a
vertical porous plate. An application of the 2-term
perturbation strategy is used to change the governing
equations. Graphical representations are taken of the
effects that a number of controlling parameters have on
the profiles of velocity, temperature, and concentration.

IL. MATHEMATICAL FORMULATION

An unsteady 2D fluid flow of an incompressible and
electrically conducting viscous fluid, upon an infinite
vertically permeable flat plate induced in a porous

environment is considered.
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Fig. I. Flow configuration of the current research

% The y-axis is taken normal to the plate, whereas the
x-axis is taken on the infinite plate and parallel to the
vertical free-steam velocity.

< A uniform strength magnetic field is applied

transversely to the flow direction. At first, the fluid

and the plate are both at the same temperature and in

a stationary state with constant concentration levels.
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o

As a result, the temperature and concentration level
at the plate are increased, and the plate begins to
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move impulsively in its own plane with a velocity.
The fluid is assumed to have constant properties
except that the influence of the density variations
with temperature and concentration, which are
considered only the body force term.

« This means that the viscous dissipation and Darcy's
dissipation are not taken into account when the
velocity is low.

s The flow that occurs in the medium is solely
attributed to the buoyancy force that arises from the
disparity in temperature that exists between the
porous plate and the fluid.

¢ Illustration of the flow arrangement and coordinate
system can be found in Figure I. The physical
variables are just functions of y and t, according to
the premise that was presented before, and the
equations that regulate the conservation of mass
(continuity), momentum, energy, and concentration
can be stated as follows:
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Based on Sparrow and Cess's [24] assumptions about
radiative heat flux and the equation of continuity (1), we
may deduce that. In this case, x represents the dimension
along the plate and y represents the dimension
perpendicular to it. In this equation, u and v represent the
x- and y-components of velocity, g stands for

gravitational acceleration, [3; and f. denote the

thermal and concentration expansion coefficients,
respectively. K stands for the permeability parameter,
Bois for magnetic induction, T for the thermal
temperature inside the thermal boundary layer and C for
the corresponding concentration., for electric
conductivity, is the variable to consider. Cp for specific
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heat at constant pressure, kt the thermal diffusion ratio,D
the diffusion coefficient, t for time, and o is the fluid

density are all variables to consider.

The non-dimensional quantities are:
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Using above quantities in equations (1)-(6), we can
obtain
2
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Solving Methodology:

The set of partial differential equations (8) — (10) cannot
be solved in closed form. However, they can be solved
analytically after reducing them into a set of ordinary
differential equations by taking the expressions for
velocity U(y), temperature T(y) and concentration C(y)

(12)

in dimensionless form as follows:
Uy,t)=f,+Ee™" f, (13)
T(y,=g,+Ee"g, (14)
C(y,t)y=hy+Ee™"h, (15)
Substituting (13) — (15) in (8) — (10) and equating the
coefficients of zeroth order and equating the coefficients

of the first order, neglecting the higher order of and
simplifying we obtain the following set of equations:

f0+f0 —Mf, +Gch,+Grg, =0 (16)
fi+fi =M, f+ f, +Grg, +Gch, =0 (17)
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g,+Prg,—RPrg,=0 (18)
g +Prg +K%)—R}Prgl +g,Pr=0 (19
hy + Schy — KcSch, +ScS,g, =0 (20)

K +Sch, +|:(ZJ—K0:| Sch, +Sch, +ScS,g =0 (21)

The final solutions of velocity, temperature and
concentration are
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III. RESULTS AND DISCUSSION:

Through the utilisation of the 2-term perturbation
technique, the partial differential equations that govern
flow and heat transfer are converted into a set of ordinary
differential equations that are non-linear. This is the set
of values that we utilised in order to make graphs: h=1,
K=1, Gec=5, Gr=5, M=2, S0=1, Kc=1, Pr=0.71. The
purpose of this paper was to investigate two different
cases involving velocity profiles. The first case involved
a flow of a cooled plate with a temperature greater than
zero, while the second case involved a flow of a heated
plate with a temperature less than zero. Figures 1-18 are
depicted to illustrate the variations in the concentration,
temperature, and velocity distributions according to the
Soret parameter (So), the Schmidt number (Sc), the
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radiation parameter (R), the Prandtl number (Pr), the
permeability parameter (K), the slip parameter (h), the
chemical reaction parameter (Kc), the Grashof number
(Gr), modified Grashof Number (Gc), and the
perturbation parameter (E). An increase in the magnetic
field parameter causes a decrease in the velocity of the
fluid when the plate is cooled. This is because the
presence of a magnetic field that is normal to the flow in
an electrically conducting fluid introduces a Lorentz
force that acts against the flow, while the Lorentz force
increases when the plate is heated. Figure 1 illustrates the
effect of the magnetic field parameter on the velocity of
the fluid. The influence that the soret parameter has on
velocity is illustrated in Figure 2. As a result of the plate's
cooling, the velocity increases as the value of So
increases. While the plate is being heated, it has been
discovered that the velocity reduces as a result of the
presence of So. From Figure 3, it can be noted that when
the value of R is greater than zero, it results in an increase
in the velocity, whereas when the value of Gr is less than
zero, it results in a decrease in the velocity. Additionally,
the influence of the chemical reaction parameter Kc on
the velocity profile is illustrated in Figure 4. In the case
of cooling the plate, it has been shown that an increase in
the chemical reaction parameter results in a decrease in
velocity with increasing values of the chemical reaction
parameter Kc. On the other hand, the velocity increases
when the plate is heated. Figure 5 illustrates how the
thermal Grashof number Gr affects the distribution of the
velocity versus the temperature. It has been discovered
that a rise in the thermal Grashof number results in a
decrease in velocity in both the case of cooled plates and
the case regarding heated plates. According to Figure 6,
it has been noticed that when the value of Gc is greater
than zero, it results in an increase in the velocity, whereas
when the value of Gr is less than zero, it results in a drop
in the velocity. Figure 7 illustrates the velocity profiles
for varied values of the permeability parameter K. These
profiles are shown in the figure. In the case of a cooled
plate, it can be observed that the velocity experiences an
increase with decreasing values of the permeability
parameter, whereas in the case of a heated plate, the
velocity experiences an increase. In figure 8, we saw that
when the value of h is increased, the velocity increases
when the value of Gr is more than zero, and when the
value of Gr is less than zero, the velocity decreases. The
velocity is also seen to increase in the vicinity of the
plate, as was previously mentioned. From Figure 9, it can
be noted that when the value of E is greater than zero, it
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results in an increase in the velocity, whereas when the
value of Gr is less than zero, it indicates a drop in the
velocity. A representation of the velocity profiles for a
variety of Sc values can be found in Figure 10. As a result
of this, it can be observed that the velocity increases with
decreasing values of Sc in the case of a cooled plate,
whereas it increases in the case of a heated plate. A
representation of the velocity profiles for a variety of Pr
values can be found in Figure 11. As a result of this, it
can be observed that the velocity increases with
decreasing values of Pr in the case of a cooled plate,
whereas it increases in the case of a heated plate. From a
physical standpoint, the Prandtl number is a
dimensionless quantity that is calculated by dividing the
kinematic viscidity by the thermal diffusivity. In
situations where the value of momentum diffusivity is
higher than the value of thermal diffusivity, the Pr
experiences an increase. Because of this, the amount of
heat that is transmitted at the surface increases as the Pr
values increase, whereas the amount of mass that is
transmitted increases as the Prandtl number increases.
Figure 12 illustrates the impact that Pr has on the
situation. It demonstrates quite clearly that the
temperature drops when the Pr number is increased.
Taking into consideration the fact that the thermal layer
of the boundary decreases when Pr is increased, this is
the reasoning for this. Because the breadth of the thermal
boundary layer is relatively higher, the effect is more
obvious for a Prandtl quantity that is relatively small.
Figure 13 illustrates the factors that influence
temperature in relation to the thermal radiation parameter
R. It has been discovered that the value of T(y) decreases
as the values of R grow. Because of this, a sizeable
portion of the fluid that is contained within the boundary
layer has a low temperature, and as a result, the thermal
diffusivity decreases as the thermal boundary layer
thinner. The profiles
distribution are displayed in Figure 14, which depicts a
variety of Kc values. As the parameter is increased, the
figure suggests that the concentration of the fluid would
decrease. This is something that can be observed.
Through the use of different measurements of the
parameter Sc, as depicted in Figure 15, the non-

becomes of concentration

dimensional concentration profile is improved. The fact
that a flow portion grows in the horizontal direction by
causing an increase in the Schmidt number is something
that is readily apparent. It should come as no surprise that
increases in the Schmidt number are accompanied by an
increase in the flow part in the x-direction. Because the
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Schmidt parameter is the ratio of the momentum
diffusivities to the concentration diffusivities, this is the
reasoning behind it. An illustration of the influence that
radiation parameter has on concentration profiles can be
found in Figure 16. When the setting is increased, the
profiles become more prominent. Figure 17 illustrates
the negative relationship that exists between the
concentration profile and the Pr number displayed. The
flow in the x-direction is mirrored in the graph, which
indicates that the thinning of the thermal boundary layer
is responsible for the progression of the flow pattern. At
the same time that the concentration profile is increasing,
the thermophoresis parameter So is increasing. A
description of this phenomenon can be found in Figure
18.
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IV.CONCLUSIONS

In this research, a mathematical model has been
developed for the influence of radiation and
thermophoresis on MHD free convective flow via a
vertical porous plate in a porous medium under the
influence of chemical reaction effects. The model was
proposed in order to explain the relationship between
these two phenomena. In accordance with the similarity
transformation, a collection of ordinary differential
equations has been constructed for the purpose of
preserving mass, momentum, and species diffusion in the
boundary layer. Using the perturbation approach, these
nonlinear differential equations that are coupled were
solved under appropriate boundary conditions. The
following are the findings and conclusions of the study:

1. The velocity of a cooled plate reduces as the magnetic
field parameter is increased, but the velocity of a heated
plate increases when the magnetic field parameter is
increased.

2. When the case of the cooled plate is considered, it is
observed that the velocity increases with decreasing
values of the permeability parameter, whereas in the case
of the heated plate, the velocity increases.

3. When the Pr number is really high, the temperature
drops.

4. It has been discovered that the value of T(y) lowers the
more the values of R grow.

5. The graphic demonstrates that the concentration of the
fluid falls as the parameter increases, which is something
that can be observed there.

6. The fact that a flow portion grows in the horizontal
direction by causing an increase in the Schmidt number

is something that is obviously clear.
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