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Abstract: The mixed convection through an infinitely inclined plate of magnetohydrodynamic (MHD) Casson fluid flow
has been conducted in this research. To investigate the influence of temperature, concentration, and velocity, the
Laplace transform method has been employed in this research. This approach enables the analytical solution of the
governing equations. The effect of key dimensionless parameters, namely Casson fluid parameter, inclination angle,
magnetic parameter and time towards velocity, concentration, and temperature profiles, is presented through graphical

representations supported by numerical data.
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1. INTRODUCTION

Magnetohydrodynamics (MHD) reflects the study of
high-conductivity fluids in magnetisation [1]. The MHD
field was first initiated by Hannes Alfven, a recipient of
the Nobel Prize in Physics in 1970 [2]. Besides, these
MHD flows are of great importance in diverse
applications, including cancer treatment, MHD energy
generators, biomedical flow control, magnetofluid
rotary blood pumping, drug targeting through MHD,
materials  processing, separation devices, and
bio-micro-fluidic devices utilising MHD [3]. The core
principle of MHD is that a magnetic field can generate
flows in a conductive fluid in motion, resulting in fluid
polarisation and altering the magnetic field. The
equations governing MHD integrate the Navier—Stokes
equations from fluid dynamics with Maxwell’s
equations from electromagnetism. These magneto-fluids
include liquid metals, plasmas, -electrolytes, and
saltwater [4]. Given its diverse technological and
engineering applications, a comprehensive
understanding and exploration of
Magnetohydrodynamics (MHD) flow is crucial. The
major goal of MHD fundamentals is to steer the flow
field in a predetermined, specific direction by changing
the boundary layer development. Consequently,
implementing MHD appears to be a more adaptable and
dependable approach for modifying flow kinematics. [5]
Ismail et al. [6] conducted a study investigating the
impact of magnetohydrodynamics (MHD) and radiation
on natural convection through a porous medium past an
infinitely inclined plate under ramped wall temperature
conditions. They utilised the Laplace transform method
in their analysis. Furthermore, Prasad et al. [7]
discussed the thermal and species concentration
characteristics of MHD Casson fluid along a vertical
sheet. Additionally, Jagadesh et al. [8] analysed
dissipative MHD Casson fluid flow, heat transfer and
peristaltic pumping within an inclined channel. The
results illustrated that an increase in both magnetisation
and the Casson parameter led to an elevation in the heat
transfer rate. Besides, Abrar and Kosar [9] explored heat
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transfer and characteristics and entropy formation in
Casson fluid flow influenced by MHD over a wedge
with viscous dissipation and thermal radiation. The
main conclusions of the study are elevating both the
magnetic and Eckert numbers, which leads to a swift
increase in the fluid's energy, and enhancing the wedge
angle and magnetic parameter, which leads to higher
fluid velocity.

The advancement in fluid flow research is experiencing
rapid growth, primarily driven by robust developments
in industrial applications. This trend responds to the
increasing demand for optimal outcomes in specific
processes where fluid motions are crucial in material
transport and mixing. Such scenarios are commonly
encountered in various industries, including food
production, beverage manufacturing, the oil sector,
pharmaceuticals, gasoline  engineering, plastics
manufacturing, chemicals production and aerodynamic
science [10]. In discovering the most effective methods
to achieve superior end products, the use of classical
fluids like water, which falls under the Newtonian type,
is no longer adequate. This is attributed to the
limitations in accurately describing the material
properties of fluids, posing challenges in meeting the
diverse demands of industrial applications [10].
Classified as a non-Newtonian fluid, the Casson fluid
has a unique shear stress-strain relationship. At low
shear strain, it behaves similar to an elastic solid, while
at higher stress levels, it resembles a Newtonian fluid.
This fluid is best elucidated as shear-thinning, with an
infinite viscosity when the shear rate is zero. Examples
of Casson fluids in real life include human blood,
tomato and orange juice, and soup [11]. Dey et al. [12]
conducted research to compare the behaviour of Casson
viscosity and non-Newtonian Carreau models in
simulating blood flow through an idealised artery with
75% eccentric stenosis. This study aims to improve the
understanding and characterisation of non-axisymmetric
arterial narrowing using non-Newtonian blood flow
models. In 2023, Omar et al. [13] examined unsteady



MHD Casson fluid in porous medium and made
conclusion that higher magnetic and Casson parameter
values result in a decreased velocity field. On top of
that, Abbas et al. [14] explored the application of double
diffusion to Casson fluid convection, incorporating the
Caputo-Fabrizio derivative in a microchannel. The
increasing value of the Casson flow parameter shows a
decreasing trend in the velocity profile. Additionally,
Mahmood et al. [15] explained how mixed convective
effects on concentration and temperature impact mass,
heat, and non-Newtonian Casson fluid flow. This study
shows that increasing the Casson parameter lowers the
velocity profile.

Various physical configurations have been considered
by researchers, including the inclined plate, owing to its
wide range of practical applications in engineering and
natural systems. The inclined plate serves as a
significant model in studying heat and fluid flow in
devices such as geothermal systems, heat exchangers,
inclined solar panels and industrial cooling processes. In
contrast to horizontal or vertical surfaces, inclined
geometries add an extra gravitational component that
influences buoyancy-driven flow, thereby increasing the
complexity and realism of the analysis in many practical
scenarios. Numerous researchers have investigated fluid
flow over inclined plates, considering a variety of
physical effects. For instance, Vijayaragavan et al. [16]
have investigated transient convection in the flow of an
MHD Casson fluid over an inclined surface. It is
observed that an increase in the Dufour number leads to
a reduction in axial velocity, as well as a decrease in
species concentration. Besides, the velocity is found to
decrease with increasing suction parameter under both
heating and cooling conditions of the porous inclined
plate. Later, Kumar et al. [17] formulated Casson MHD
flow over an inclined moving plate considering the
effects of aligned angle, Hall current, chemical reaction,
and Soret parameters. The findings illustrate that a rise
in the Schmidt number leads to a reduction in the
concentration field, and a similar decreasing trend in
concentration is observed with an increase in the
chemical reaction parameter. As the Prandtl number
increases, the temperature diminishes. The thermal
boundary layer thickness grows with an increase in the
perturbation parameter. Temperature is found to
decrease with higher thermal radiation, while it
increases with a rise in the heat source/sink parameter.
The velocity increases as the solutal Grashof number

and the thermal Grashof number ( Gr ) rise. Conversely,

the fluid velocity decreases as the inclination angle ¢
increases. A study of the flow features of MHD Casson
fluid past a vertically inclined porous plate has been
done, and it is observed that the velocity profile
increases as the buoyancy parameters rise; the
temperature declines with higher Prandtl numbers,
while the concentration diminishes with increasing
Schmidt number and chemical reaction rate [18].
Besides, a paper presents a numerical investigation into
the effects of chemical reactions, thermal radiation, heat
sources and thermal radiation on the flow of MHD
Casson fluid over a nonlinearly inclined stretching
surface, incorporating velocity slip within a
Forchheimer porous medium. Graphical results show
that the plate temperature declines with increasing
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radiation and Forchheimer porous medium parameters.
Additionally, the concentration decreases due to the
influence of the chemical reaction and a higher Schmidt
number [19].

Motivated by the above literature and applications, the
present research explores mixed convection MHD
Casson fluid passing through an infinite inclined plate.
The problem is in the occurrence of the magnetic
parameter and inclination angle. The governing
equations are solved analytically using the Laplace
transform method. The results are presented graphically,
and different physical aspects of the research have been
discussed.

2. MATHEMATICAL FORMULATION

The time-dependent MHD mixed convection flow of an
electrically conductive, non-compressible and viscous
fluid in the vicinity of an infinitely inclined plate is

considered. Concerning the coordinate system, the Y
-axis is aligned with the surface of the plate, which is

inclined at an angle ¢ relative to the vertical **

-plane. The following constitutive equation governs the
motion of the fluid:
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of which €’ ., T ' , u' , delineate concentration,
temperature and velocity respectively, ¥ stands for the

non-Newtonian Casson fluid parameter, H
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dynamic viscosity, stands for fluid density,

depicts gravity acceleration, O exhibits the electrical
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expansion, # indicates the specific heat, k signifies

the thermal conductivity, - reflects the radiative heat

flux and D denotes the mass diffusion.

At the initial time ! <0 , both the fluid and the plate
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are stationary and share the same concentration ~= and
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temperature L . At time >0 , both concentration
and temperature are raised to a constant temperature
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concentration and temperature tend toward zero. The
following condition explains the suitable boundary
equations:

u (x',O) =0 u (O,f) = At"; u'(OO,t') =0;
T'(x.0) =7.:  T(0.0)=T,: T'(0i)=T.. (4
C'(x.0)=C: c(or)=C: C(=nr)=C.,

Based on the governing equations, the temperature of

the plates, T and 1o , are presumed to generate a

radiative heat flux term. This term is simplified by
applying the Rosseland approximation and is expressed
as follows:
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where K* is the mean absorption coefficient and @ *

Stefan-Boltzmann constant. It is presumed that the
temperature changes in the flow are minimal to

approximate 7' * as a linear function of temperature. By

expanding T “ ina Taylor series around L, and

higher-order terms is neglected, the Rosseland
approximation becomes,
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Rosseland approximation becomes,
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The dimensionless variables are introduced as follows:
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Utilising Egs. (1), (2), and (3), and applying the
transformation given in Eq. (8), the governing equations
for momentum, energy, and concentration are simplified
into the following non-dimensional forms:
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where M reflects the magnetic parameter, K

Gr

signifies the porosity parameter, denotes the

thermal Grashof number, G¢ depicts the mass Grashof
number, R stands for the radiation parameter, PT
represents the Prandtl number, and S¢ indicates the

Schmidt number.

The dimensionless initial and boundary conditions
become:

u(x,0) =0, u(0,0) =t;  u(oo,t) =0;
T(x0) =0,  7(0.0) =1, T(.1) =0, 12)
C(x.0) =0; C(0.1) =L,  C(oout) =0,

3. MATHEMATICAL SOLUTION
The method of the Laplace transform has been
employed to analyse the equations. As a result, a

“%0  can be obtained by solving the
concentration C(x.1) and the temperature T(x.0)
variables. The Eq. (2) and Eq. (3) which represent
energy and concentration equations are decoupled from
the momentum Eq. (1). Equations (9), (10), and (11)
are resolved by employing the Laplace transform in the
presence of Eq. (12), and by systematically solving the
resulting expressions, we arrive at the following
solutions:

solution for

Energy Equation:
T=de™ 4B
13)

Concentration Equation:

— 1
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s

(14)

Momentum Equation:



_ 1 1 1
7= [ - al(— )
s a2(s—a2) als
N
a3(; - —) \[ +
ad(s—ad) ads
al—t Ly
a2(s—a2) al2s
a3l(———— ] L e
ad(s—ad) ads
(15)

Thus, the analytical solutions of the temperature,
subsequently concentration and followed by velocity are
achieved from Eq. (13), Eq. (14), Eq. (15) through the
application of the inversion of the Laplace transform.
The resulting solutions are:
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4. RESULTS AND DISCUSSION

This section presents the results analysed earlier using
graphical illustrations. The effects of several physical
parameters, namely time, magnetic field, inclined plate
angle, and Casson parameter, on the convective flow are
analysed through temperature, concentration and
velocity graphs. A comprehensive discussion of these
graphs is provided.

Figure 1 illustrates how the concentration distribution
changes over time for the unsteady flow. Initially, when

the time ! is small, the concentration rapidly declines
from the surface into the fluid, indicating that mass
diffusion is limited to a narrow region near the plate.
However, as time progresses, the concentration values
extend further into the fluid domain. This widening of
the concentration profile suggests that the solute
continues to diffuse away from the boundary as more
time becomes available, resulting in a thicker
concentration boundary layer. Although the peak
concentration close to the wall may decrease

T T T
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slightly due to dispersion, the overall mass spreads more
broadly throughout the fluid. This behaviour highlights
the temporal influence on solute transport in transient
conditions.

Fig. 1. The significance of time, ! in relation to the
concentration profile.

Figure 2 depicts the temperature variation over the fluid
domain for different moments in time. At early times,
the thermal boundary layer is thin, and the fluid quickly
loses temperature as the distance from the plate
increases. As time advances, the thermal energy
gradually diffuses deeper into the fluid, leading to a
more uniform temperature distribution. The curves shift
upward and broaden, indicating that heat transfer from
the surface becomes more effective over time. This
expansion of the thermal boundary layer confirms that
the temperature at locations farther from the plate rises
with time, a typical characteristic of unsteady heat
conduction. Overall, the figure demonstrates that the
heating effect becomes more pronounced as the system
evolves temporally.
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Fig. 2. The significance of time, ! in relation to the
temperature profile.

It is observed that the velocity diminishes as the
magnetic field strength increases, as shown in Figure 3.
Applying the transverse magnetic field gives a resistive
force known as the Lorentz force, which consequently
enhances the thickness of both the thermal boundary
layers and momentum, as shown in Figure 3.
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Fig. 3. The significance of the magnetic parameter, M
in relation to the velocity profile.

Figure 4 illustrates that velocity increases as the
inclination angle increases. This indicates that a greater
inclination angle elevates fluid motion along the plate.
In addition, the buoyancy force is influenced by the
reductions in mass and thermal diffusion, as the value of

cos ¢ declines with the plate's deviation from the
vertical position.

wxr
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Fig. 4. The significance of inclination angle, ¢ in

relation to the velocity profile.

Figure 5 depicts the profile of the Casson fluid velocity.
The plot indicates that an increase in the Casson
parameter leads to declining velocity. This trend
suggests that higher values of the Casson parameter led
to decreasing fluid motion, mainly due to increased
viscosity. A higher Casson parameter corresponds to
reduced yield stress, thus, it is easier for the fluid to
begin flowing.
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Fig. 5. The significance of the Casson parameter, " in
relation to the velocity profile.

5. CONCLUSION

This research investigates the mixed convection

magnetohydrodynamic (MHD) flow of a Casson fluid

over an infinitely inclined plate. By applying the

method of Laplace transform, the influence of

temperature, concentration, and velocity is analysed. In

summary, it is observed that:

e As time progresses, the concentration values
extend further into the fluid domain

e As time advances, the thermal energy gradually
diffuses deeper into the fluid, leading to a rising
temperature.

e Velocity declines as the magnetic field strength
increases.

e Elevation of the
increases the velocity.

e As the Casson parameter increases, the velocity
decreases.

inclination angle velocity
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