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ABSTRACT

In this research, we explore the Casson fluid flow under mixed convection in a plate under-
going acceleration within a porous medium, considering the effects of chemical reaction 
and magnetisation. The investigation encompasses heat and mass transfer characteristics, 
incorporating thermal radiation and chemical reactions. Inspired by the previous studies 
of the chemical reaction and porosity of magnetohydrodynamic Casson fluid, the focus of 
this research revolves around the Casson parameter with convective double diffusion flows 
with magnetohydrodynamics (MHD) over a plate undergoing acceleration within a porous 
medium, considering the occurrence of a radiative chemical reaction. Ordinary differen-
tial equations are transformed from the governing partial differential equations through 
appropriate non-dimensional variables to facilitate mathematical analysis. Subsequently, 
the Laplace transform method is utilised to get the solution for the resulting non-dimen-
sional ordinary differential equations system. The study provides graphical representations 
illustrating the behaviour of various physical parameters. The trend reveals that the ris-
ing Casson parameter will descend the fluid velocity, primarily attributed to the elevated 
fluid viscosity. Notably, the Casson parameter has no impact as the fluid approaches the 
centre between the bounding surfaces. Additionally, it is seen that a higher Casson param-
eter results in behaviour resembling that of a Newtonian fluid. On top of that, the velocity 
increases significantly for larger chemical reaction coefficient values. Finally, it is noticed 
that velocity tends to decrease as the porosity parameter decreases and the magnetic field 
strength increases.
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INTRODUCTION 

A chemical reaction is a transformative process in which 
one group of chemical substances changes into another. 
Additionally, chemical reactions often occur between a 
fluid and a foreign mass. Typically, these categories are 
divided into two primary categories; homogeneous and 
heterogeneous chemical reactions, contingent on whether 
they transpire at an interface or within a volume compris-
ing a single phase. The scrutiny of flows of mass transfer 
involving chemical reactions has proven highly valuable in 
various chemical and hydrometallurgical industries. This 
encompasses applications like catalytic chemical reactors, 
food processing, processes involving either endothermic 
or exothermic chemical reactions, and the manufacturing 
of glassware and ceramics [1]. The extensive application 
of mass transport with activation energy, as necessitated 
by the above, has captured the interest of researchers. The 
concept of activation energy was introduced by Arrhenius 
in 1889, representing the least amount of energy needed 
for particles to engage in a chemical reaction. They con-
ferred that this energy could manifest as kinetic or poten-
tial energy, and without it, the transformation of reactants 
into products cannot occur [2]. Research has been car-
ried out to examine double diffusions in the context of 
the Casson fluid flow, with magnetohydrodynamic over a 
wedge with the inclusion of thermal radiation and chemical 
reaction. The concentration of Casson fluid decreases due 
to the chemical reaction parameter actively rising. This is 
because the chemical reaction hinders the fluid’s momen-
tum [3]. Recently, Sene [4] discussed a solution method for 
the model of fractional Casson fluid, adapting the chem-
ical reaction and heat generation impact. It shows that 
the Casson fluid parameter influences the boundary layer 
thickness and induces the velocity to rise.

Casson fluid stands out as one of the ultimate renowned 
non-Newtonian fluids. Casson introduced this substance 
as a crucial element of pseudoplastic fluids in 1959. The 
Casson fluid model offers two significant strengths; firstly, 
the derivation is from liquid kinetic theory rather than 
an empirical correlation, and secondly, it transforms to a 
Newtonian nature at certain shear rates [5]. Casson fluid 
behaves like a solid when the yield stress exceeds the shear 
stress, but it flows like a liquid when the yield stress is lower 
than the shear stress [6]. Moreover, it is also appropriate for 
heating and cooling processes due to their effective influ-
ence on the rate of energy transfer [7]. In 2018, Hussanan 
et al. [8] considered unsteady natural convection of a nano-
fluid flow based on sodium alginate viscoplastic Casson 
fluid over a vertical plate. By implying uniform free stream 
velocity as well as temperature, it is resolved by applying 
the Runge–Kutta numerical method in combination with 
a shooting technique. The conclusion discloses that the 
velocity field diminishes when the Casson parameter ele-
vates. Aman et al. [9] explored using Caputo time-frac-
tional models towards MHD Casson fluid flow. Fractional 

calculus is an intriguing subject due to its applications in 
Mathematics, Applied Mathematics, and Fluid Dynamics. 
Moreover, Akhil and Patel [10] enticed the influence of 
heat generation and non-linear radiation on the mixed 
convection MHD Casson fluid flow. It can be inferred that 
the Casson fluid parameter tends to lower both skin fric-
tion and concentration profiles. Subsequently, by means 
of an accelerated plate, Shahrim et al. [11] investigated a 
fractional convection problem involving Casson fluid. As a 
point of reference, the use of fractional derivatives to char-
acterise the physical properties of non-Newtonian fluid 
flow over accelerated plate remains uncommon. Their find-
ings indicated that the velocity would escalate by ascend-
ing values of time, t and Grashof number, Gr. Conversely, 
a decrease in the  Prandtl number, Pr and Casson fluid 
parameter reduced velocity.

Magnetohydrodynamics (MHD) illustrates the 
behaviour of fluids with high conductivity in the occur-
rence of magnetisation. These MHD flows play a crucial 
role in diverse applications, including MHD energy gener-
ators, cancer treatment, biomedical flow control, magneto-
fluid rotary blood pumping, drug targeting through MHD, 
materials processing, separation devices, and bio-mi-
cro-fluidic devices utilizing MHD [12]. The core principle 
of magnetohydrodynamics (MHD) is that a magnetic field 
can generate flows in a conductive fluid in motion, result-
ing in fluid polarization and altering the magnetic field. 
The equations governing MHD combine the Navier–Stokes 
equations of fluid dynamics with Maxwell’s equations 
of electromagnetism. Examples of such magneto-fluids 
include plasmas, liquid metals, salt water, and electrolytes 
[13]. Given its diverse technological and engineering appli-
cations, 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 bound-
ary layer development. Consequently, the implementation 
of MHD appears to be a further adaptable and dependable 
approach for modifying flow kinematics. In the realms of 
pharmaceuticals and environmental science, MHD plays a 
pivotal part in biomedical engineering and fluid dynamics 
applications. Chemical engineering employs MHD for both 
purification and filtration objectives [14]. Ismail et al. [15] 
undertook a study to investigate the impact of magnetohy-
drodynamics (MHD) along with radiation under ramped 
wall temperature conditions on natural convection through 
a porous medium past an infinitely inclined plate. They 
employed the Laplace transform method in their analysis. 
Furthermore, Prasad [16] discussed the  thermal and spe-
cies concentration characteristics of MHD Casson fluid 
along a vertical sheet. On top of that, Jagadesh et al. [17] 
have performed an analysis of dissipative heat transfer and 
peristaltic pumping in the context of MHD Casson fluid 
flow within an inclined channel. Their findings indicated 
that incremental in both magnetisation and Casson param-
eter led to an elevation in the heat transfer rate. Recently, J 
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Raza et al. studied Casson nanofluid past a stretching sheet 
and discovered that an increase in the magnetic parameter 
amplifies the Brownian motion of fluid particles, leading to 
a gradual rise in the fluid’s temperature [18].

Presently, numerous researchers have examined the 
effects of fluid thermal radiation on the properties of heat 
transport over extended surfaces. The process of heat trans-
fer is significant in the implementation of photochemical 
reactors and solar power technology. The term thermal 
radiation refers to the emission of electromagnetic waves 
by a substance, leading to an increase in its internal energy 
and resulting in warming [19]. Kataria and Patel [20] suc-
cessfully derived the solution analytically for the flow of an 
oscillating plate through an MHD Casson fluid, in addition 
to radiative chemical reaction parameters. [21] examines 
heat and mass transfer in a magnetohydrodynamic flow 
over a moving vertical plate with convective boundary con-
ditions under the influence of thermal radiation. Increased 
values of the radiation parameter promote conduction over 
radiation, thereby reducing the thermal boundary layer 
thickness. Besides, Omar et al. [22] studied the influence of 
radiation and Magnetohydrodynamic of Casson Fluid over 
a plate undergoing acceleration. It was discovered that ther-
mal radiation increases with a temperature rise.

Khan [23] investigated the unsteady squeezing flow of 
MHD Casson fluid flowing via a porous medium. The term 
porous medium is recognised as a substance containing 
fluid-filled pores and  is consistently defined by attributes 
like porosity and permeability. Porosity determines the 
volume of fluid the material can retain, while permeability 
quantifies the fluid’s ability to traverse through it. Diverse 
applications encompass chemical reactors, groundwater 
hydrology, drainage, seepage, irrigation, and the extraction 
of crude oil from reservoir rock pores. Several intriguing 
findings are present within [24–26].

Inspired by the aforementioned research, the focus of 
this research revolves around the Casson parameter with 
convective double diffusion flows with magnetohydro-
dynamics over a plate undergoing acceleration within a 
porous medium, considering the occurrence of the  radi-
ative chemical reaction. Limiting cases are conducted to 
verify consistency with previous findings. These analytical 
solutions can help scientists and engineers verify the accu-
racy of complex model solutions derived from numerical 
schemes. This research work can later be extended by using 
different fluids. Additionally, the proposed mathematical 
model is anticipated to serve as a reference for researchers 
in academia, engineering, and industry, facilitating fur-
ther analysis of flow characteristics, heat transfer, and mass 
transfer performance of such fluids.

MATHEMATICAL FORMULATION

The research intends to obtain solutions in the presence 
of porous medium, magnetohydrodynamics and chemical 
reaction as well as radiation. The focus is on the context of 

an unsteady Casson fluid flowing in a state of the acceler-
ated plate, positioned at the flow being restrained to x > 0, 
where x denotes the coordinate measurement in the direc-
tion perpendicular to the surface. At the start, at the time t 
= 0 the plate and fluid are at rest, exhibiting a uniform con-
centration and temperature. Then, as t > 0, the plate under-
goes acceleration with a velocity u´= At and concurrently, 
the temperature of the plate is increased to T´w while the 
concentration is elevated to T´w. 

The dimensional momentum, energy, and concentra-
tion equations that govern the flow are as follows:

	 	

(1)

	 	 (2) 

	 	
(3)

In the given context, γ represents the parameter of 
Casson fluid, u´ denotes fluid in the x- direction, t depicts 
the variable of time, T´ corresponds to the temperature 
of the fluid near the plate, whereas T´∞ signifies the plate 
temperature, C´ represents concentration, ρ stands for 
fluid density, µ represents dynamic viscosity, g signifies 
acceleration due to gravity, β represents the thermal expan-
sion coefficient, B0 indicates external magnetic field, σ is 
the electrical conductivity, φ refers to the porosity, k rep-
resents thermal conductivity, K denotes permeability, cp 
refers to specific heat at constant pressure, qr signifies radi-
ative heat flux, D refers to mass diffusion and Kr indicates 
chemical reaction alongside the initial value and boundary 
conditions:

	 	

(4)

MATHEMATICAL SOLUTION

Through the introduction of dimensionless variables: 

	 	

(5)

The dimensionless representation of equations (1) - (3),
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(6)

	 	
(7)

	 	
(8)

The method of Laplace transform is employed for equa-
tions (6) - (8),

	 	
(9)

	 	 (10)

	 	 (11)

The transformed equations are,

	 	

(12)

	 	 (13)

	 	 (14)

and the parameters utilised in this study are as follows:

Solutions for equations (12), (13), and (14) are sub-
sequently obtained by inversing the method of Laplace 
transform: 

with

RESULTS AND DISCUSSION 

This research employs an analytical approach to investi-
gate the flow of Casson fluid under mixed convection within 
a porous medium, around an accelerated plate, incorporat-
ing the effects of magnetisation and chemical reactions. 
The analytical techniques include the Laplace transform 
[14,21], Fourier series [27], Homotopy Analysis Method 
(HAM) [20], and fractional derivative method [8,10].

The Laplace transform has certain limitations, requir-
ing the governing equations to be linear for effective 
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application. While it can handle complex equations, solving 
them becomes challenging without computational software.

The Laplace transform belongs to a class of operations 
known as integral transforms. It converts a function f(t) of 
a single variable t (interpreted as time) into a new func-
tion F(s) defined in terms of another variable s, the com-
plex frequency. The appeal of the Laplace transform lies in 
its ability to transform differential equations in the t, time 
domain into algebraic equations in the frequency domain. 
This simplifies the process of solving differential equations, 
reducing it to solving algebraic equations in the s domain. 
Another significant advantage is that the Laplace transform 
inherently incorporates initial conditions into the solution, 
making it especially useful for solving initial-value prob-
lems commonly encountered in studies of electrical circuits 
and mechanical vibrations [28 - 33]. The core idea involves 
transforming a constant-coefficient differential equation 
in f(t) into a simpler algebraic equation for the Laplace-
transformed function, F(s) solving this algebraic equation, 
and then using the inverse Laplace transform to return to 
the original time-domain solution, f(t) The precise defini-
tion of the Laplace transform and the specific properties it 
satisfies make this process feasible [33].

Analytical solutions offer numerous advantages. They 
are benchmarks for validating numerical methods and 
provide insights into underlying physical phenomena [34]. 
Additionally, they are valuable for addressing large-scale 
problems, such as modelling hydrocarbon reservoirs, by 
enabling dimensional analysis [35]. In heat conduction 
problems, analytical solutions act as foundational com-
ponents for constructing solutions through superposition 
[36]. They also allow the efficient computation of exact 
results using concise representations for short- and large-
time behaviour [37]. Furthermore, analytical solutions are 

essential for verifying numerical results generated by com-
putational methods. Besides, Computational Physicists 
play a crucial role in resolving inconsistencies between 
numerical simulations and experimental data, facilitating 
comparisons between theory, simulations, and experimen-
tal observations [38].

It is necessitated to establish comprehensive insight 
into the employed model, especially when compared to 
previous studies. Before delving into more detailed discus-
sions, it is essential to verify this research against previous 
research to confirm, its correct execution. Figure 1a pro-
vides a comparison with Shahrim et al. [11] for different 
Grashof numbers, Gr and Figure 1b presents the compar-
ison for different time, t values. The results demonstrate a 
strong agreement between the current study and the previ-
ous one, as demonstrated by the plotted graph comparing 
the two. Furthermore, it has been confirmed that all the 
plotted graphs comply with the specified boundary condi-
tions. Validation demonstrates a strong agreement with the 
studied problem. Consequently, we have confidence that 
the solutions obtained are accurate. The graphical interpre-
tation and physical insight are also discussed using fixed 
values of γ = 0.1, t = 1, N = 5, Pr = 7, M = 1, K = 0.2, Kr = 1, 
Gr = 1, Gc = 1 and Sc = 0.6 respectively.

In Figure 2a, a concentration profile exhibits a pro-
nounced impact from the Schmidt number. Observably, 
by increasing the Schmidt number, there is a deterioration 
in the concentration profile. This trend is attributed to the 
reciprocal correlation of the Schmidt number and mass 
diffusivity. As the value of the Schmidt number climbs, 
the flow of the fluid regime demonstrates lower values 
of mass diffusion, leading to a decrease in the distribu-
tion of concentration. In applications involving biofluid 
dynamics, such as blood flow, where Casson fluid models 

Figure 1. Validation results of Fig. 1a for different Grashof number, Gr and Fig. 1b for different time, t.
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are commonly employed, for example, when the Schmidt 
number Sc is high, the transport of nutrients or solutes (e.g., 
oxygen, pharmaceuticals) becomes less efficient due to the 
reduced thickness of the concentration boundary layer. 
This can influence the effective delivery of solutes to tar-
geted regions in industrial or biological systems. Figure 2b 
illustrates the influence of time on the concentration pro-
file, with temperature gradually increasing as time rises.

An elevation of Pr results in a decrement in tempera-
ture as depicted in Figure 3a. It arises from the thickness 

of the thermal boundary layer decreasing while the Pr 
number ascends. Figure 3b demonstrates the radiation 
parameter effect on the elevated temperature profile. When 
the radiation constraint surges, there is a rise in the ther-
mal boundary layer thickness and temperature profile. 
Radiation-induced heating lowers viscosity and yield stress, 
enhancing fluid mobility and convective heat transfer. 
Increased radiation initiates steeper temperature gradients 
near the surface, penetrating the fluid through thermal dif-
fusion. For instance, undertaking polymer processing in 

Figure 2. Concentration profiles of different Schmidt number, Sc (2a) and time, t (2b).

Figure 3. Temperature profiles of different Prantl number, Pr (3a) and radiation, N (3b).
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industrial processes or molten metals modelled as Casson 
fluids, increased radiation enhances heat distribution which 
is essential for achieving uniform material properties. On 
top of that, from biomedical applications, radiative heating 
in capillary blood flow can lead to elevated temperatures, 
influencing metabolic reactions.

In Figure 4a, velocity profiles are exhibited for various 
Casson parameter values. The trend reveals that the rising 
Casson parameter will descend the fluid velocity, primar-
ily attributed to the elevated fluid viscosity. An increased 
Casson parameter indicates a lower yield stress, allowing 
the fluid to transition to a flowing state more readily. This 
enhances resistance to flow and restricts the momentum 
transfer into the fluid, resulting in a steeper velocity gra-
dient from the boundary to the bulk flow and a thinner 
boundary layer. With an increased Casson parameter, more 
energy is required to sustain the flow as the fluid dissipates 
additional energy to overcome the heightened viscous 
resistance. It decreases momentum transfer efficiency, con-
fining it to a smaller region near the boundary. Notably, the 
Casson parameter has no impact as the fluid approaches 
the centre between the bounding surfaces. Additionally, it 
is seen that a higher Casson parameter results in behaviour 
resembling that of a Newtonian fluid. Consequently, bound-
ary layer thickness velocity is higher than observed for a 
Newtonian fluid owing to the plasticity inherent in Casson 
fluid. Conversely, a decrease in the Casson parameter, asso-
ciated with a rise in plasticity, results in the thickness of the 
boundary layer, which increases due to a simultaneous rise 
in the momentum boundary layer. Diving into engineer-
ing applications, in processes involving Casson fluids, such 
as blood flow, molten polymers, or slurries, an increase in 
γ results in lower flow rates and thinner boundary layers, 

affecting heat transfer, mixing efficiency, and pressure 
drop requirements. For fluids such as blood in biological 
systems, commonly modelled as a Casson fluid, a higher γ 
can indicate pathological conditions (e.g., decreased shear 
sensitivity due to increased plasma viscosity). This results 
in slower flow velocity near vessel walls and may lead to 
flow stagnation.

Figure 4b illustrates the impact of the magnetic field 
parameter M on velocity profiles. It is observed that the 
velocity diminishes as the magnetic field strength increases. 
Applying a magnetic field to a flowing, electrically con-
ductive fluid induces an electric current in the fluid. The 
correlation of the induced currents and the magnetic field 
produces Lorentz force; referred to as a resistive force. This 
force acts externally in the opposite direction to the fluid 
flow, impeding its motion, analogous to the effect of drag 
force. Moreover, a rise in the magnetic parameter M will 
result in resistive forces, hindering the flow of the fluid, and 
consequently declining the velocity of the fluid.

In Figure 5a, the upshot of the chemical reaction on 
velocity distribution is demonstrated. It is evident that the 
velocity increases significantly for larger chemical reaction 
coefficient, Kr values. Consequently, it is established that 
the magnitude of the Kr coefficient plays a crucial role in 
shaping the velocity distribution.

Figure 5b showcases values of the porosity parameters, 
K for various velocity profiles, while other flow parameters 
are held constant. In practical terms, there is a decrease 
in velocity with a reduction in the porosity parameter, K. 
This outcome aligns with Darcy’s law, which states that 
the presence of a porous medium descends the flow resis-
tance, thus enhancing fluid motion. Hence, the graphical 

Figure 4. Velocity profiles of different Casson parameter, γ (4a) and magnetic parameter, M (4b).
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representation confirms that porosity is a pivotal factor in 
the current research.

Figure 6a displays the velocity profiles of the fluid for 
different thermal radiation values, N. The velocity reduces 
the existence of thermal radiation. This is anticipated since 
lower temperatures correspond to reduced radiation, lead-
ing to a decline in velocity. The fluid velocity will elevate 
with time, as illustrated in Figure 6b. 

Figure 7a delineates the effect of the Grashof number, 
Gr on the velocity profile, symbolising the proportional 
thermal buoyant force’s influence compared to the hydro-
dynamic viscous force. A steady elevation in velocity is 

noticed with the increasing Grashof number. This occur-
rence is ascribed to the intensified buoyancy force within 
the flow, resulting in all-in-all enhancement of fluid veloc-
ity. Figure 7b reveals the implication of the Grashof con-
centration number, Gc on the velocity profile, where the 
number is characterised as the ratio of species buoyant force 
to viscous hydrodynamic force. A rise in the Gc number 
implies the dominance of species buoyancy force relative to 
the force of viscous hydrodynamic, leading to a significant 
rise in velocity for both Casson as well as Newtonian fluids. 
The value of the positive Grashof number corresponds to 
the physical cooling of the plates. Essentially, buoyant force 

Figure 6. Velocity profiles of different radiation parameter, N (6a) and time, t (6b).

Figure 5. Velocity profiles of different chemical species parameter, Kr (5a) and porosity parameter, K (5b).
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prevails over viscous force, complicating the flow dynamics 
due to its coupling with mass and thermal aspects.

CONCLUSION 

The study establishes a mathematical solution for the 
influence of the Casson fluid parameter on MHD convective 
heat and mass transfer over an accelerating plate in a porous 
medium. Important considerations, such as the impact of 
chemical reactions and radiation, are analysed. The results, 
obtained through Laplace transform techniques, are accept-
able and provide insights into fluid behaviour under the 
considered conditions. The study’s findings have practical 
implications for applications within engineering and tech-
nology fields. In summary, we observed that:
•	 It is observed that increasing the Sc number leads to a 

reduction in the concentration profile.
•	 Temperature progressively increases with rising time, t.
•	 An increase in the Pr number leads to a decrease in 

temperature.
•	 An increase in the radiation constraint, N results in a 

reduction in both the thermal boundary layer thickness 
and the temperature profile.

•	 The trend indicates that an increase in the Casson 
parameter, γ reduces the fluid velocity.

•	 The velocity is observed to decrease with an increase in 
magnetic field strength, M.

•	 The velocity increases notably with higher values of the 
chemical reaction coefficient, Kr.

•	 The velocity decreases in the presence of thermal radi-
ation, N.

•	 The fluid velocity increases over time, t.

•	 A steady elevation in velocity is noticed with the increas-
ing Grashof number, Gr.

•	 An increase in the Gc number indicates that species 
buoyancy force dominates over the viscous hydrody-
namic force, resulting in a substantial increase in veloc-
ity for Casson fluid.

NOMENCLATURE, SYMBOL AND SUBSCRIPT

γ	 Casson parameter fluid in the x – direction
x	 fluid in the x – direction
t 	 Time (s)
u´	 velocity (ms-1)
T´	 temperature (K)
C´	 concentration (molL-1)
ρ	 fluid density (kgm-3)
µ	 Dynamic viscosity (kgm-1 s-1)
g	 acceleration due to gravity (ms-2)
β	 thermal expansion (1 / K)
σ	 electrical conductivity (S / m)
B0	 Magnetic field (Nm-1A-1)
k	 thermal conductivity (Wm-1K-1)
φ	 porosity of medium
K	 permeability of medium (m2)
cp	 specific heat at constant pressure (Jkg-1K-1)
qr	 radiative heat flux (Wm-2)
D	 mass diffusion (m-3)
Kr	 chemical reaction parameter (s-1)
Pr	 Prantl number
Sc	 Schmidt number
Gr	 Grashof number
Gc	 Grashof concentration number

Figure 7. Velocity profiles of different Grashof number, Gr (7a) and Grashof concentration number, Gc (7b).
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