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ARTICLE INFO ABSTRACT

Keywords: This study investigates the transient magnetohydrodynamic (MHD) flow and heat and mass transfer over an
Unsteady convection inclined, radiative, and permeable surface under the influence of viscous dissipation and Ohmic heating in a
MHD orous medium. A regular perturbation technique is employed to solve the governing coupled, nonlinear partial
Dissipation P g P d Py 8 J p p

differential equations that describe the velocity, temperature, and concentration fields. The analysis focuses on
key physical parameters, including the skin friction coefficient, Nusselt number, and Sherwood number, along
with the corresponding field profiles. The results highlight the significant impact of inclination angle, porosity,
and thermal radiation on the transport behavior. Specifically, thermal radiation is found to reduce both the
temperature distribution and the Nusselt number, indicating a damping effect on thermal transport. Conversely,
the presence of a heat source elevates the temperature while enhancing heat transfer. Additionally, the Soret
number contributes to an increase in both temperature and solute concentration due to thermal diffusion effects.
The findings correspond well with previously published studies. In other words, when the inclined angle, porous
parameter, and radiation parameter are not considered, all outcomes closely resemble those of the previously
published works. This study offers valuable insights applicable to various industrial processes, including
chemical manufacturing and thermal management systems.

Porous media
Thermal radiation
Perturbation technique

flow through liquid-saturated porous media. MHD describes the inter-
play between magnetic fields and electrical conductance fields. In MHD
flows, the existence of a magnetized force causes electric currents to be
induced inside the fluid. This leads to the formation of a Lorentz force,

1. Introduction

Natural convection is utilized in various applications, including
chemical catalytic reactors, electronic cooling equipment, nuclear

reactor cooling, solar power collectors, and thermal and insulating en-
gineering. Unsteady Magnetohydrodynamic (MHD) flows are essential
because they are associated with fluid transients, such as those found in
forging, MHD energy producers, MHD accelerators, and controlled
thermonuclear reactors. Considering the relevance of such studies,
several researchers have studied unsteady hydromagnetic convective
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which, in turn, alters the fluid flow behavior over time. The interaction
between these two factors is crucial for enhancing operations across
various sectors. Recent developments in quantum mechanics (MHD)
research have centered on the creation of computational tools and
experimental methodologies to analyze the intricate dynamics of MHD
systems. There are numerous applications for MHD, including the
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generation of electricity, material processing, and space exploration. For
instance, maximum heat density (MHD) generators in power plants are
responsible for converting thermal energy into electricity. In the mate-
rials treatment industry, MHD pumping and mixers are used to regulate
the behaviour of fluids. Additionally, MHD turbines play a worthy role
in the motion control of satellites for the purpose of space exploration.
Chemical reaction mass transfer effects in food processing, agricultural
fields, and cooling towers. Sandeep and Sugunamma (Sandeep and
Sugunamma, 2013) studied the magneto-fluid flow via a porous vertical
surface with the consequence of a chemical reaction. Ibrahim and
Makinde (Ibrahim et al., 2010) explored chemically reacting MHD flow
with suction on a moving vertical surface. Time-dependent chemically
reacting hydromagnetic liquid flows across a vertical surface with
continuous flux (Makinde, 2012). Zhou et al. (Zhou et al., 2024) re-
ported the thermosolutal MHD fluid flow with heat source effect.
Recently, the MHD convection in various types of fluids has been pub-
lished, including Carreau fluid (Isa et al., 2024) and Casson fluid (Kumar
et al., 2023), among others.

Alterations in temperature are the root cause of the concentration
gradient, which in turn is the root cause of the Soret process. Temper-
ature changes are a consequence of mass concentration, which results in
an energy flow that is described as the Dufour impact. Both the Soret and
Dufour effects cannot be reversed after they have been applied. This
irreversible phenomenon is used in a wide variety of applications within
the field of chemical engineering. It has been shown via published works
that the Soret and Dufour effects have several applications within the
realm of fluid dynamics. Below the influences of Dufour and Soret,
variances in density are the driving force behind fluids. Variability in
density is because of variation in temperatures in addition to differences
in mass concentration. In isotope mixture and gas separation, the Soret
effect is applied. The Soret effect focuses on mass transfer, driving tiny
particles from heat to cold surfaces. This phenomenon helps remove
small particles from gas streams and investigates particle deposition on
turbine blades. Mass transfer affects all separation processes in chemical
engineering, including drying, distillation, extraction, and absorption.
Therefore, the relevant studies regarding the Soret impact acting on the
fluid flow with additional impacts such as thermophoresis (Rahman
et al., 2012), thermal radiation (Alam et al., 2008), and heat source
(Karraiah et al., 2013).

The term "thermal radiation" describes the process of heat trans-
mission that occurs by electromagnetic radiation, most often in the
infrared region. When it comes to high-temperature situations, where
radiant heat transmission might take precedence over conductive or
convective heat transfer, this impact is very important to consider. A
substantial amount of attention has been put into recent research on the
comprehension of thermal convective fluxes, as well as the function that
thermal radiation plays in a variety of technical and manufacturing
operations. For the purpose of managing system temperatures and heat
transfer rates, thermal radiation is of utmost significance. Its applica-
tions range from the advancement of technological devices to the pro-
vision of healthcare. The interaction between peristaltic motion and
heat radiation has not been investigated by a large number of scholars,
despite the relevance of this topic. Thermal radiation plays a key func-
tion in gas turbines, car engines, high-temperature heat exchangers, and
combustion chambers, which operate at high temperatures. The heat
transfer properties of natural convection boundary layer flow rely on
thermal boundary conditions. Cess (Cess, 1966) used Rosseland diffu-
sion approximation to explore radiating convective boundary layers
with buoyancy effects. Makinde and Olanrewaju (Makinde et al., 2010)
examined how a convective thermal boundary layer affects buoyancy
force in the radiating fluid model. Meanwhile, Makinde (Makinde,
2005) explored radiating convective flows in the heat-mass transfer fluid
system. Nandkeolyar et al. (Nandkeolyar et al., 2013) explored transient
magnetic convective dusty fluid flow via a moving vertical surface with
ramping temperature. Dharmaiah et al. (Dharmaiah et al., 2022)
examined the influences of thermal radiation in the non-Newtonian
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liquid model.

Heat-mass transfer in liquids across porous media has garnered a lot
of interest since this research has extensive applications in biological
sciences and medicine. These include biofluid movement in blood
vascular tissue and moisture flow through porous industrial materials.
Hence, the fluid flow model via porous materials has been reported,
because of the influences of suction (Das et al., 2006), heat source (Das
etal., 2010), oscillatory state (Makinde et al., 2005), and MHD flow (Eid
et al., 2017). Electrical cooling, solar energy classifications, burning
systems, materials processing, and microscale heat are some of the ap-
plications in engineering that may benefit from the emergence of ther-
mal radiative with viscous dissipative fluxes. It is possible to ascertain
the variation in temperature and the rates of heat transmission by uti-
lizing the combinations of thermal radiative (which is caused by the
emission of electromagnetic radiation because of temperature dispar-
ities) and viscous dissipative fluxes (which take place caused by internal
resistance).

Viscous dissipative flux is significant in geophysical flows, instru-
mentation, tribology, lubrication, polymer manufacture, and engineer-
ing processes. In fluid mechanics, viscous forces reduce variable velocity
gradients. Viscous dissipation is the irreversible conversion of shear
fluid-induced work on consecutive layers into heat. This largely irre-
versible mechanism converts kinetic energy into internal fluid energy.
The main parameter that expresses the impact of viscous dissipative
fluxing is the Eckert number (Ec). Gebhart (Gebhart, 1962) showed the
relevance of heat-dissipative convective flow down a semi-vertical
isothermal surface. Ganesan et al. (Ganesan et al., 2013) studied
Ohmic heating in double-stratified convected flow with radiation.
Rashidi and the effect of dissipative Ohmic heating in a steady MHD
fluid convection over a spinning disk (Rashidi et al., 2012) and inclined
surface (Alam et al., 2009) have been reported. Osalusi et al. (Osalusi
et al., 2007) analyzed dissipative Ohmic heating impacts on steady heat
transfer with Hall and ion-slip currents. Chien-Hsin (Chien-Hsin, 2004)
integrated MHD-free convected dissipative Ohmic heating impacts. The
dissipative impacts towards a fluid flow via an oblique surface have been
reported, subjected to the projected magnetic field (Dharmaiah et al.,
2019) and thermophoresis factor (Dharmaiah et al., 2020). This research
uses a fundamental framework to carry out chemical processes. The aim
of this examination is to explore how variations in the concentration of
substances influence the flow and heat transference in multilayer sys-
tems. The kinetics of the reaction are modelled on the assumption of a
first-order reaction, which is a model that is frequently applicable in
situations where only one reactant eventually decays into products.
Through the use of this presumption, the mathematical modelling is
simplified while yet preserving the fundamental dynamics of the reac-
tion process. In future studies, researchers might explore more compli-
cated reactions, like those involving multiple steps or different
substances, and give specific examples to make the research more
relevant and thorough. Radiation and chemical processes may overlap in
some situations. Radioactivity, for example, can initiate or quicken
chemically reactive processes. This effect is readily apparent in opera-
tions such as radiolysis, wherein ionising radiative flux is used to break
chemical bonds, resulting in the formation of new particle species. Ap-
plications include both radiation-induced polymerisation in the
manufacturing of certain substances and radiative-supported chemical
synthesis in labs. A comprehension of the interaction between radiative
flux and chemically reactive processes, as well as the ability to manip-
ulate such interactions, has practical ramifications in the fields of nu-
clear chemistry and chemical industrial operations. The assumptions
about the reactions and chemicals involved are logical because they are
important for real-world applications, easy to test, and consistent with
past research. 1st-order reaction kinetics are extensively employed in
research similar to fluid dynamics because they are simple and can show
the basic effects that chemically reactive processes have on flow and
heat transmission. This hypothesis is reflective of the common circum-
stances that exist in real-world routines, such as microfluidics and



S.M. Hussain et al.

polymeric manufacturing, where reactive rates are mostly reliant on
concentration.

The novelty of this research lies in the analytical investigation of
unsteady magnetohydrodynamic (MHD) flow and coupled heat-mass
transfer over an inclined, radiative, and permeable plate, incorporating
the combined effects of viscous dissipation, Ohmic heating (Ananda
Reddy et al., 2009), thermal radiation, and the Soret effect. Unlike
previous studies that often neglect the simultaneous influence of these
parameters, this work provides a comprehensive regular perturbation
solution to a highly coupled, nonlinear system (Eswaramoorthi et al.,
2025; Eswaramoorthi & Sivasankaran, 2022; Mallawi et al., 2022;
Reddy et al., 2023; Sindhu et al., 2023; Srinivasa et al., 2024). The study
introduces a unique geometric and physical configuration penetrable
flow on a slanted radiative surface under transient conditions which has
not been thoroughly explored in existing literature. The results offer new
insights into controlling thermal and concentration boundary layers in
porous and radiative environments, with practical implications for en-
ergy systems, chemical processing, and heat management technologies.

Motivated by the factors mentioned above and contributions, this
work investigates the influences of regulatory factors, like viscous
dissipation, thermal radiative flux, and the Soret parameter, in the fluid
flow system with the presence of chemically reactive processes. On an
inclined, radiative, permeable plate, the purpose of this examination is
to explore the behaviour of fluid flow and heat and mass transmission
under unstable circumstances brought about by viscous dissipative flux
and Ohmic heating in porous medium. Through the use of a perturbation
technique, we have attempted to analyze the combined non-linear PDEs
that regulate the system. The results are determined by a multitude of
distinct characteristics, including physical parameters (like the skin
frictional factor, the Nusselt numbers, and the Sherwood numbers) and
profiles (including velocity, temperature, and concentrations).

The main objective of this study is to analyze transient MHD flow and
coupled heat-mass transfer over an inclined, radiative, permeable plate
considering viscous dissipation, Ohmic heating, and the Soret effect in
porous material. Using a regular perturbation technique, the study
provides insights applicable to optimizing thermal systems in chemical
processing, energy transport, and porous media engineering. Recent
advancements cited in references (Prasad et al., 2023; Rajakumar et al.,
2020b, 2024a, 2024b, 2025) highlight current developments in the
field.

2. Mathematical formulation

- The flow is assumed to be laminar, incompressible, and electrically
conducting.

The porous medium is considered homogeneous and isotropic with
constant porosity and permeability.

The magnetic Reynolds number is very small, so the induced mag-
netic field is neglected compared to the applied magnetic fields.
Thermal radiation is modelled using the Rosseland approximation,
valid for optically thick media.

Effects of viscous dissipation and Ohmic heating are included.
Chemical reactions are assumed to be homogeneous and of first-
order.

The boundary layer approximations are applied, restricting analysis
near the plate.

Effects such as turbulence, compressibility, variable fluid properties,
and non-Newtonian behavior are neglected.

The regular perturbation method assumes small and smooth varia-
tions in flow parameters.

The fluid flow model via an oblique porous surface is considered,
including thermal radiative fluxing, viscous dissipation, chemical reac-
tion, and Soret effects. The model is presented by using Cartesian co-
ordinates, where the plate is projected from the reference horizontal
vector (x— axis) (Fig. 1). The regulating formulas (Ananda Reddy et al.,
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Fig. 1. The problem’s geometry.

2009; Dharmaiah et al., 2020) are presented as continuity (Eq. (1)),
momentum (Eq. (2)), energy (Eq. (3)), and diffusion (Eq. (4)):

v N
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These are the appropriate boundary constraints (Ananda Reddy
et al., 2009; Dharmaiah et al., 2020):

u'=0T =T, C =C,aty =0 (5)

u—-0,T -T,,C —C, asy*—>oo 6)

On the right-side of Eq. (2), the 2nd and 3rd terms are called inclined
convective, the 4th term is called magnetic, and the 5th term is called
the porous effect. On the right-side of Eq. (3), 2nd term is heat genera-
tion, 3rd term is viscous dissipative flux, 4th term is the Ohmic heating
effect, and the last one is the radiation effect. In addition, on the right-
side of Eq. (4), 2nd term is a chemical reaction, 3rd term is thermal
diffusion. Non-dimensional quantities are:

_1666 VT, o Qw . vk o Di(Ty—Ts) o oBfo
kv T pCpvy v 0(Cy -G AR
v2 pC, . kv?
Fc— 0 Pr— P _&v.
o -t Tk KT

Spatial radiant absorption for gray gas with a light optical layer is:

g;"* — a0’ (10" - 1) (8)

Substituting eq. (7) in (2)-(4) with (5)-(6), yields to:
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with BCs:

y=0:u=0,60=1,¢p=1 12)
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Where N3 =4, Ny =M?+ 4, a =Greosa, b = Gm cos a.
3. The solution to the problem

Assumed solution of the problem as:

u(y,t) =fo + Ecf; + O(Ec?) 14
0y, t) =go + Ecg1 + O(Ec?) (15)
#(y,t) =ho + Echy + O(Ec?) (16)

Substituting equations (15)—(17) in Egs. (10)-(12) with Egs. (13) and
(14), and power equivalence Ec, the following was obtained:
0™ order equations:

o oo Pfo

oy oy + ago + bhy — Nufo,
Pr<%—‘%) %+(PrQ Fg, a7
Sc (% - %’;’) ‘j;" ScKrho + Scso‘z)y2 .
First-order equations:
%—% Z/le + agi + bhy — Nufy,
Sc (% - %) = % — ScKrh, + ScSo ayz

The corresponding BCs are:

y:0:f0:0,f1:0,g0:1,g1 :O,h():l,hl :07 (19)
y—oo: fo—0,f1—0,8—0,8—0,hy—0,h; -0
To reduce PDEs, are:
fo(y. t) = foo + fore™,
H,t) = fio + fue™,
,t) = goo + g €™,
&(,t) = &oo + o1 20)
&y, t) = go + gue™,
ho(y,t) = hoo + ho1€™,
hi(y,t) = hio + hy1€™,

Substituting (20) into (17)-(18) and equating harmonic and
nonharmonic terms, leads to:
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foo +foo — Nafoo = —ageo — bhoo,
for +for — (N4 +n)for = —agoy — bhoy,

fio +fio — Nafio = —agio — bhyo,
fi1 +fi1 — (Na +n)fiy = —agn — bhuy,

8oo + Pr&oo + (PrQ—F)goo =0,
81 +Prgy + (PrQ—F —nPr)gy =0,
8o +Prgo+ (PrQ—F)go = _Prﬁ)o2 — Pr Nsfg,
&1 +Prg, +(PrQ—F —nPr)gi = =2 Prfy,fg, — 2PrN3f§0f017
o + Schyy — ScKrhog = —ScSogyo,
hy; + Schy; — Sc(Kr + n)hoy = —ScSogy, »
hyo + Schyy — ScKrhig = —ScSog),,

hy, + Sch}, — Sc(Kr + n)h;; = —ScSog); -

@D
The corresponding BCs are:
aty=0:
foo =0,fo1 = 0,f10 =0,f11 =0,
8o =1,801 = 0,810 =0,811 =0,
hoo = 1,hp1 = 0,h19 = 0,h1; =0,
asy—oo :
fo0=0. 010, f1o—0, f11—0,
800—0,801—0,810—0,811—0,
hoo—0, hp1 =0, h1o—0, b1 —0.

(22)

The solutions of (21) applying boundary conditions (22) are:
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(02)]
fo=fii=0 (25)
go=e (26)
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27)
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hio =Exge™ Y — Erge™ Y + Ey7e > + Eige*Y + Eyge 2%
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(30)
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hoy =h;; =0. (31

The solutions of the liquid flow are:
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4. Results and discussion

The presence of viscous dissipative flux and Ohmic heating in the
transverse MHD fluid flow and heat and mass transmission have been
analyzed, influenced by thermal radiation, thermo-diffusion, and
chemical reactions. The numerical solutions obtained from this study are
presented for the physical factors (surface frictional factor, Nusselt
numbers, and Sherwood numbers) and profiles (velocity, temperature,
and concentrations). The authors’ opinion goes to do numerical simu-
lations for two scenarios: Scenario I, where (Gr, Gm) < 0 (flow on a
heated surface), and Scenario II, when (Gr,Gm) > 0 (flow on a cooled

surface). In this paper, Scenario I is indicated by these values: Gr = — 2
and Gm = — 4, whereas Scenario II is represented as Gr = 2 and Gm =
4.

Variations of the penetrability parameter on speed are visualized
graphically in Fig. 2. This figure indicates that velocity rises for Scenario
II and decreases in velocity for Scenario I. The impact of the Eckert
number appears in Fig. 3. Higher Ec leads to higher viscous dissipation,
which increases the temperatures of the liquid, reduces resistance, and
consequently results in higher speed. The Eckert number generally lies
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in the range of 0.01-2.0. Physically, a higher Eckert number indicates
stronger viscous dissipation, which raises the fluid temperature. Fig. 4
displays the velocity graph against the permeability parameter. From
Fig. 4, velocity increases when the flow is over a cooled plate (Scenario
II) and decreases when the flow is over a heated plate (Scenario I). Fig. 5
presents the outline of velocity distribution for distinct estimations of
the magnetic field, showing that velocity reduces in Scenario II and in-
creases in Scenario L. The finding of Fig. 5 proves that the magnetic field
will, in general, decelerate flow on the cooled plate, whereas the reverse
effect occurs on the heated plate. The different effects on Scenario I and
I can be described as caused by the obligation of the transverse
magnetized force of strength By in a liquid flow model, it creates in the
electrically conducting fluid a resistive kind of power, noted as Lorentz
power, which acts next to the comparative motion of the fluid. Physi-
cally, when a magnetic field is applied perpendicularly to the flow di-
rection, and the fluid is conducting, electric currents are induced.
Applying a transverse magnetic field to an electrically conducting fluid
generates a Lorentz force. This force acts opposite to the direction of
fluid motion, creating a resistive or braking effect that slows down the
flow of a phenomenon known as magnetic damping. The magnetic
parameter M typically ranges from O to 20. Fig. 6 displays the velocity
graph versus Gr. This parameter indicates the influences of the buoyancy
force (caused by temperature gradient) and the viscous force. These
forces influence the increment in velocity by this pattern: The
enhancement in buoyancy force and the decrement in viscous force,
which directly increases Gr parameter. Fig. 7 displays a velocity graph
for different Gm values, characterized by buoyancy force (due to mass
gradient) and viscous force. As estimated, velocity enhances, and high
value is distinctive because of buoyancy force increases on species. Fig. 8
depicts the response to velocity distributions for diverse values of Sy.
This graph shows that the velocity significantly accelerates with the
Soret number in Scenario II. However, the velocity is accelerated when
the flow is on a heated plate (Scenario I). The influences of Kr on the
speed outlines are explained in Fig. 9. The dimensionless velocity
somewhat reduces with Kr, and the reverse happened in the other case.
Fig. 10 indicates the impacts of Sc on the speed outline. It is discovered
that if Sc reduces, the flow over a cooled plate slows down, whereas the
fluid flow motion is accelerated over a heated plate. Fig. 11 represents
the influences of an inclination of the surface. With the effect of rising
inclination angle, the velocity increases when the region of the fluid is
over a heated plate. However, the velocity decreases for the cooled plate
with increasing inclination factor. The maximum velocity is reached
when the plate is placed vertically. However, when the plate is projected
at a certain angle, the effect of the buoyancy force is lessened because of
the gravitational acceleration vector. The impact of Prandtl numbers Pr
on the speed component is depicted in Fig. 12. It is remarked that the
velocity is decreased when the fluid flows over a cooled plate, whereas

0.5
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1
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—+—=K=15
==K =20
——=K =25
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3
y

Fig. 2. The flow velocity versus K.
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Fig. 5. The flow velocity versus M.

velocity produces an opposite pattern at a heated plate.

Fig. 13 establishes the dependence of the Prandtl numbers (Pr) on
fluid temperatures. This graph shows that the temperature decreases
when Pr increases. An increase in Pr corresponds to the lower thermal
conductivity values. As a result, the temperature is decreased. This
impact of the heat generating Q on the temperatures outline is com-
prehended in Fig. 14. It seems reasonable that when Q rises, it will fall.
The heat source itself does not reduce temperature, but it can modify the

system dynamics (like inducing stronger convection or triggering radi-
ative loss), leading to a lower steady-state temperature in some regions.
Fig. 15 shows that fluid temperatures fall when the thermal radiative
parameter rises. Radiation reduces temperature by propagating energy
away from the surface or fluid in the form of electromagnetic waves.
This behavior occurs because thermal radiation acts as a heat loss
mechanism. It transfers thermal energy away from the fluid and surface
through electromagnetic waves. As radiation becomes more significant,
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Fig. 6. The flow velocity versus Gr.
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Fig. 8. The flow velocity versus Sp.

more heat is dissipated from the fluid to its surroundings. The conse-
quences of the Soret numbers on the temperatures outline are illustrated
in Fig. 16. As the parameter S, increased, and temperature patterns
increased. The Soret number increases the temperature profile indirectly

by enhancing species diffusion toward high-temperature regions, which
may intensify chemical reactions or heat generation. Fig. 17 demon-
strates the effects of Ec on the temperatures profile. An upsurge in Eckert
numbers leads to higher temperatures outline caused by it enhances
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Fig. 11. The flow velocity versus a.

viscous dissipation, converting kinetic energy into heat within the flow.

Fig. 18 shows how a chemical reaction influences the concentration
profile. This profile is decreased because of a chemically reactive pro-
cess. A chemically reactive operation decreases the concentration of a
species with the assumption that the species is a reactant. The concen-
tration profile for varying Soret numbers is shown in Fig. 19. Here, when
So rises, the concentration also rises. The Soret effect causes mass
diffusion driven by temperature gradients, leading to concentration
enhancement. Fig. 20 illustrates the impact of species concentration for

a range of Schmidt’s numbers (Sc). It may be understood physically as
the ratio between momentum and molecule diffusivities. A higher
Schmidt number means slower mass diffusion, which can result in lower
concentrations. Fig. 21 demonstrates the effects of Eckert numbers on
the concentration profile. This parameter increases concentration indi-
rectly by raising the temperature via viscous dissipation, which en-
hances thermodiffusion and reaction rates, leading to higher local
species concentrations.

Fig. 22 displays the surface frictional factor concerning the Eckert
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Fig. 14. The fluid temperatures versus Q.

numbers for various Grashof number values, showing that the impact of
Gr reduces the surface frictional factor. An increment in the Grashof
number diminishes the surface frictional factor by enhancing buoyancy-
driven flow, which weakens the wall shear stress. The relationship

between Nusselt number and heat-generating variable Q is revealed in
Fig. 23. It has been shown that rising heat production leads to an up-
surge in the Nusselt numbers. Fig. 24 depicts the relationship between
the Nusselt and Eckert numbers as a function of the radiation parameter
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Fig. 22. Impacts of Gr on wall frictional factor.

F. As F rises, the Nusselt number is shown to fall. Figs. 25 and 26 show 5. Conclusions

the relationship between the Sherwood and Eckert numbers as a func-

tion of the Schmidt and Soret numbers, respectively. Sherwood’s num- Radiation effects on an infinitely sloped plate have been solved
ber goes down as Schmidt’s and Soret’s do, and vice versa. analytically, considering viscous dissipation and Joule heating.
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Fig. 23. Impacts of Q on Nusselt numbers.
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Fig. 26. Impacts of Sy on the Sherwood numbers.
MATLAB was used to solve the dimensionless governing equations for frictional factors, Nusselt numbers, Sherwood numbers, velocity, tem-
diverse factors like the mass Grashof and the thermal Grashof numbers, perature, and concentrations, along with the influences of diverse var-
the Prandtl number, thermal radiative flux, heat source, the Soret iables. The following findings emerged from the solutions mentioned
number, and the Schmidt number. Graphical representations of surface above and the outcomes and discussions. Non-dimensional factors
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positively impact velocities, surface frictional factors, dimensionless
temperatures, heat and mass transfer rates, and concentrations:

The velocity is accelerated due to the impact of the mass Grashof and
thermal Grashof numbers.

Temperature declines caused the increasing Prandtl numbers.

The impacts of thermal radiative flux on temperatures and Nusselt
numbers are significant because it reduces the temperature and
Nusselt number.

The temperatures are reduced, and the Nusselt numbers are
enhanced by the same parameter, which is the heat-generating
variable.

The temperatures and concentrations are enhanced by the Soret
number. However, this parameter reduces the Sherwood numbers.
The Schmidt numbers reduce the concentrations and the Sherwood
numbers.
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By Magnetic field strength (A/m)

Ec Eckert number (—)

F Radiation parameter

Gr Thermal Grashof number

Gm Mass Grashof number

Nu Nusselt numbers

Sh Sherwood numbers

u' v Velocity elements in the x" and y* orientations (m/s)
Cy Concentration near the surface (mol/m?)

Cp Fluid specific heat at a fixed pressure (J/kg.K)
M Hartmann number

Kr Chemical reaction parameter

So Soret number

D Mass diffusivity (m?/s)

Dy Coefficient of thermal diffusivity (m?/s)

Constant suction velocity (m/s)
Fluid thermal conductance (W/m.K)
Hall current parameter

Acceleration due to gravity (m/s%)

Vo

k

m

K The permeability of the porous material (m?)
&

-

Temperature of the fluid (K)

Tw Temperature near the plate (K)

T Temperature far away from the surface (K)
Pr Prandtl number

c Concentration of the fluid (mol/m?)

Co Concentration far away from the plate (mol/m®)
Sc Schmidt number

Q Heat generation parameter

Greek Symbols

¢ Dimensionless concentration

B Thermal expansion coefficient (1/K)

c Magnetic permeability of the fluid (S/m)

P Density (kg/m®)

T Wall frictional factor (N/m®)

a Inclination angle (degree)

[ Nonimensional temperatures

v Fluid kinematic viscosity (m?/s)

A Mass expansion coefficient (m®/kg)

u Dynamic viscosity (Pa.s)

4 Superscript belongs to differentiations concerning y
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