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Abstract

This article provides study of the Magnetohydrodynamics flow of a Casson fluid influenced by heat and mass transfer in an unsteady free convec-
tion environment with a rotating porous medium. The investigation considers different physical parameters like the Soret and Hall phenomena,
thermal radiation, and chemical reaction, that are important in biomedical engineering, industrial processing, and magneto-thermal systems.
The flow is considered between the exponentially accelerating plates, with both ramped and constant temperature and concentration boundary
conditions. A set of coupled dimensionless differential equations that governs the flow are made dimensionless by a similarity transform and
then evaluated numerically using MATLAB bvp4bc function. The results prove that the primary velocity enhances with higher hall parameter,
permeability, and thermal and solutal Grashof numbers, while the thermal profile declines with enhancing radiation and Prandtl numbers.
Also, the concentration levels rise with greater Soret and Schmidt parameters. The novelty of this work is that it combined modelling of reactive,
thermodiffusive, and electromagnetic effects in a rotating porous system, which goes beyond earlier research that usually dealt with these
phenomena separately.

Keywords: Mass transfer, Grashof number, Prandtl number, Casson fluid, porous medium, Hall parameter, heat generation parameter

Cite this article as: Patil, S. A., Nathwani, B. V., & Patel, H. (2026). Analysis of the magnetohydrodynamics Casson fluid flow with an exponentially
accelerated plate incorporating the Soret and Hall effects. Journal of Thermal Engineering, 12(6), 2191-2202. https://doi.org/10.47481/jten.0092

1. Introduction

The study of the Casson fluid models is very important in dif-
ferent fields like biomedical engineering, industrial process-
es, and environmental systems. A British rheologist, Sidney
Gerald Casson, proposed the Casson fluid in 1959 [1] as a
non-Newtonian fluid having yield stress. Due to its shear-thin-
ning behavior, it is used in

Application requiring controlled viscosity, such as in blood
flow, paints, coatings, and food products. Casson fluids are
used in modeling biological flows, especially in capillaries
where nutrient transport is influenced by temperature and
concentration gradients, and in drug delivery systems.

The non-Newtonian fluids have complex behavior. To describe
various properties of these fluids different models are proposed.
The Power-law, Herschel-Bulkley, Carreau, and Casson mod-
els are few examples. These models help us in understanding
flow patterns in food technology, personal care products, and
physiological transport systems. Dash et al. [2] examined how
a Casson fluid flows across a homogeneous porous material. A
non-Darcy porous medium’s Casson fluid flow was examined
by Makanda et al. [3]. He applied the Brinkman model to see
the Darcy resistance caused by a porous medium. Sher Akbar
et al. [4] studied the Casson fluid flow in a plumb duct, fo-
cusing on physiological transport. Their analysis showed how
the Casson fluid parameters affect the velocity and pressure
parameter in biomedical applications. The interaction of the
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Casson fluid flow with magnetohydrodynamics (MHD) increases
complexity and its importance. Alfvén [5, 6] coined the term MHD
and described the importance of Maxwell’s and Navier-Stokes equa-
tions in these flows. This concept has applications in space weather
prediction, fusion technology, and industrial magneto-fluid sys-
tems.

Many researchers have studied MHD fluid dynamics under various
physical conditions. Zaheer Abbas et al. [7] investigated the entro-
py generation in an MHD flow through a vertical porous channel
with thermal radiation and slip effects. In their study they showed
that radiation and viscous effects increase entropy. The results are
proved using mathematical model, but it lacks experimental valida-
tion which limits its usefulness. Gireesha et al. [8] used the hermite
wavelet approach to analyze entropy formation in the MHD Wil-
liamson hybrid nano fluid flow with an inclined channel. It shows
the influence of the magnetic field, nanoparticle shape, and other
parameters. On nano fluid flow.

Nadeem et al. [9] examined peristaltic MHD flow in an annulus
with radially varying magnetic fields, underlines its effect on flow
reversal and transport. The model is analytical sound, but it is valid
for fluid with low Reynolds number and long wavelength. Nadeem
et al. [10] used an analytical method to examine the unstable mixed
convection MHD flow across a spinning cone. The study shows the
magnetic and rotational effects, but it uses simplified assumptions.
Ullah et al. [11] studied how the yield stress, magnetic field, and geo-
metric undulations change the thermal transfer and flow behavior.
The work is numerically sound, but it lacks experimental validation
and it is limited to specific geometry only. MHD viscoelastic fluid
flow across a stretching sheet with varying viscosity was investigated
by Prasad et al. [12]. Their findings emphasized significant effects
on velocity and temperature, but they have not considered advanced
factors such as radiation or chemical reactions. Hayat et al. [13] used
thermophoresis to examine how thermal radiation and Joule heat-
ing affects the Maxwell fluid flow. The MHD flow of water-based
nanofluids including copper and aluminum oxide nanoparticles
across a permeable stretching sheet in a porous media was studied
by Mathews et al. [14]. Using similarity transformations and MAT-
LAB’s bvp4c function,

They display superior thermal performance and velocity profiles
compared to base fluid, with findings matching the current litera-
ture accurately.

Sandeep et al. [15] examined unsteady magnetic Nanofluid flow
over a thin elastic sheet. They showed how the magnetic and elastic
effects influence the velocity and temperature profiles using numer-
ical methods. Yadav et al. [16] investigated advanced nanofluid flow
with chemical reaction and transport phenomena. This concept has
improved the performance of thermal systems across energy, bio-
medical, and industrial fields. Sandeep et al. [17] investigated the
thin-film flow of magnetic nanofluids having graphene nanoparti-
cles under magnetic field. The study proved how the flow and ther-

mal properties are influenced by the magnetic field and nanoparticle
concentration. Nagaraju et al. [18] showed that there is negative cor-
relation between magnetic field and fluid velocity due to the Lorentz
force, while suction increases the thermal transfer due to thinning of
the thermal boundary layer.

Nadeem et al. [19] emphasized the magnetic field, the Casson pa-
rameter, and the nanoparticles effect but ignored the thermal ra-
diation effect and unsteady flow. Mohyud-Din [20, 21] considered
biaxially stretched sheets with nanoparticle suspensions. Raju [22]
devised nonlinear model of fluid flow to include radiation param-
eter in temperature and concentration equations. Kataria et al.
[23] studied nano fluid flow with oscillating vertical plate includ-
ing radiation and magnetic field parameters. The study effectively
analyzes the velocity and thermal profiles but assumes an optically
thick medium and simplified boundary conditions. The equations
were reduced to ordinary differential equations by Kataria et al. [24]
using similarity transformations, and the finite difference technique
(FDM) was used to solve them numerically. This study examined
how different physical characteristics affected the temperature, ve-
locity, and micro-rotation profile. Kataria et al. [25] examined the
MHD Casson fluid flow in porous medium through an oscillating
vertical plate, considering the impact of chemical reactions and
radiation. They used the Crank-Nicolson FDM for numerical solu-
tions and similarity transformations to make the equations simpler.
Heat transmission and entropy formation in hybrid nanofluids were
investigated by Gireesha et al. [26]. They examined the effects of
the flow characteristics and nanoparticle morphologies on the heat
radiation in the inclined flows and stretchable channels using the
Taylor and Hermite wavelet methods. In recent times, fractional
differential equations (FDEs) have emerged as an effective modeling
tool due to their ability to incorporate memory and hereditary prop-
erties in real-world systems [27-28]. Among the less explored yet
significant phenomena are the Soret and Hall effects. The mass flux
caused by thermal gradients is known as the Soret effect (thermal
diffusion), and it is essential for multicomponent flows, especially
in porous media and nanofluids. It influences the mixing, concen-
tration profiles, and mass transfer rates. The Hall effect, on the other
hand, becomes important in regions with low-density or high-mag-
netic-field, where a transverse electric field changes the current
and velocity distribution in the conducting fluids. Several studies
have considered these effects. Gireesha et al. [29] investigated en-
tropy generation in tangent-hyperbolic fluid flow through a vertical
microchannel under the Hall effect using Taylor wavelet method.
Raghunath et al. [30] studied free convection Casson fluid in a mag-
netic field, showing the thermo-diffusion and Hall currents effect
on the velocity and concentration. Siva Reddy et al. [31] used finite
element methods to analyze similar effects in MHD flows. Liyaqat
Ali et al. [32] explored the micropolar effects on the fluid velocities
and thermal profiles. Narayana et al. [33] addressed rotating frames
in micropolar flows. Seth et al. [34-35] studied optically thick and
rotating fluid flow.
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Casson fluids are characterized by yield stress and so the flow is
influenced by mass and heat transfer. Heat transfer affects the tem-
perature distribution, while mass transfer affects the concentration
gradients. These effects play important role in thermal conductivity
and flow control. The concept has applications in blood flow prob-
lems, polymer processing, food manufacturing, and bioengineering.
This study improves system efficiency, cooling technologies, and
design of heat and mass transfer equipment. Bargal et al. [36] proves
that the innovative microchannel design with sinusoidal cavities
and elliptical ribs using graphene quantum dots nano fluid increases
heat transfer and reduces the pressure needed for efficient thermal
management. Khalid et al. [37] showed the significance of perfect-
ing the fin geometry and coolant type in heat sinks, proving that
semicircular wavy fins with nanofluids enhance the thermal perfor-
mance. Deka et al. [38] investigation enhances the understanding
of MHD flow over inclined surfaces, providing ideas for improving
solutal and thermal transmission which has applications in nuclear
reactors, chemical processing, and metallurgical engineering sys-
tems.

Kataria et al. [39] considered unsteady MHD Casson fluid flow past
an oscillating vertical plate in a porous medium. Incorporating radi-
ation and chemical reactions effect. The study shows that the radia-
tion and reaction parameters significantly influence the velocity and
the temperature profiles. Hari R. Kataria et al. [40] investigated the
Soret and heat generation effect on the unsteady MHD Casson fluid
flow. The study found that both parameters significantly affect ther-
mal and solutal profiles. While both the work helps in understand-
ing non-Newtonian MHD flows, it considered ideal conditions,
limiting its applications. However, very few studies have analyzed
the secondary velocity field under the combined impact of Soret and
Hall effects, particularly when the plate oscillates exponentially.

The current article works on the gap found above. It extends the
findings of Kataria et al. [39-40] by considering the influence of the
Hall current, Casson parameter, magnetic parameter, permeability,
and rotation on the velocity, temperature, and concentration profiles
of the Casson fluid. The fluid flows past a vertically oscillating plate
with ramped temperature and concentration boundary conditions.
The finite element method (FEM) (with the help of pdepe function
in MATLAB) is used to solve the governing partial differential equa-
tions numerically after they have been converted using the proper
similarity transformations. The results are thoroughly debated and
verified against data that has already been published. The novelty
of this article is that this study represents the first comprehensive
investigation combining exponentially accelerating plate dynamics
with secondary velocity field analysis, simultaneous incorpora-
tion of Soret and Hall effects in MHD Casson fluid flow, Coupled
thermodiffusive and electromagnetic effects in the rotating porous
media and both ramped and constant boundary conditions for the
temperature and concentration. Our literature review confirms that
no earlier study has simultaneously addressed all these phenomena
in a single comprehensive model. While individual effects have been
studied in isolation, the synergistic interaction of exponentially

accelerating plates with combined Soret-Hall effects in the Casson
fluid is a significant gap that our work addresses.

The sections of this article are arranged as follows: The Introduc-
tion section provides the background and motivation for this study;
the Problem Statement section describes the physical setup and
mathematical modeling of the problem; the Solution Methodology
provides how the mathematical modeling is solved using numerical
methods; the Results and Discussion section interprets the physical
behavior through graphical analysis; and the Conclusion summariz-
es the key findings.

Figure 1.The pictorial representation of the experiment

2. Problem statement

The 7 axis stands perpendicular to the x’y’ plane, with a plate
aligned along the x* axis. A fluid rotates about the y” axis in con-
junction with the plate. The figure provides a visual depiction of
this experimental setup. When the experiment starts, i.e.,at t' < 0
both the primary and secondary velocities are zero, temperature
T'.. , and concentration is C'.. Along the boundary y” =0, the
fluid is exponentially accelerated, the secondary velocity is zero, the
temperature and concentration are the ramped temperature and the
ramped concentration respectively. Another boundary condition is
at infinity, i.e. y' = o, primary and secondary velocities tend to
zero, the temperature tends to T'.. and concentration tends to. The
Casson fluid model is

2<uc+%>eij, T > T,
2<Llc+ J%)eij: T < T

where py,lLoe;; is yield stress, viscosity of Casson fluid and elements
of the rate of deformation respectively.

p%+29v':u3<1+

T;] =

1)\ 0°u oB; \ !
) IyT [+ m) W Hmy)-

o+ goB(T'- T'2) + goBe(C - C.) 0

The fluid’s equations of motion are as follows:

0°v 0B

p%——ZQu—un<l+Y)a (1+m)(mu V') - k v (2)



Journal of Thermal Engineering, 12(6), 2026

2194

OT _ k 4°T 1 0G4 Qo .

a tv = pCp a y|2 - pcp a yy + pCP (T = T oo) (3)
ocC 2°C 0T 11 v

aty = DM aygz +DT ayyz -kz(C -Coo) (4)

The initial conditions are
u=0,v=0T=T, C=Csasy =0andt <0

The boundary condition at one end y” = 0 and for t' < 0is

u' = Uge™, v =0,
. . N '
T|={TC)G+(TW-TDQ),(—0, 0<t <t
T, t =t
! ! N ,
C.:{C[XA(CW—Cw)t—O, 0<t <t
C., t >t (6)

Another Boundary Condition at other end y' = o0 and t' = 0 is
u—-0VvV~->0T->T.C~>C. (7)

Dimensionless similarity transformations simplify the partial differ-
ential equations by reducing the variables. This process reveals key
dimensionless numbers, highlighting the dominant physical effects,
improving the calculation efficiency, and enabling the generalization
of the results across distinct systems. Using dimensionless quantities
as

1

__Y _t o _u oV
V=0 Tt YT U, VT Uy
T-T. C-C.

V=TT C=C.-C.
It reduces the PDEs into

au 2. _ l azu MZ L
—8t+2kv_(l+Y> ayz-(1+mz)(u+mv)—k1u+G,9 ®)
+G,C

0 ) 1\0° M’ 1

a—Z—Zk =<l+?> ay\;+m(mu-V)—k_lV 9)
00 1 0°0 (H-R

-5 s+ (5 )e (10)
0C 1 0° 070

Ji =S Ty + S, 3y’ -k.C (11)

With the dimensionless first condition fory = Oand t < 0is

0=0,C=0 (12)

v=0,
The dimensionless boundary conditions for is

u=e", v=0,

t, 0<t<1
e={

L ot>1 =tH(t)- (t- 1)H(- 1),

e={t’ O<t<l =tH(@t)-(t-1H(t-1),

1, t=1

where H(t) is Heaviside function.

Anotherdimensionlessboundaryconditionsfory - o and t = 0
is

The parameters used above are

u - 0, v = 0, 06— o0, CcC~-0 (14)
SgB'T(T'W - T'oo) BgB'C(C'w - C‘oo)
Gr = U(3) 5 Gm = Ug >
_ Ogfe(Tu-To) . 8ge(Cu-Cl)
r U(3) > m — Ug >4
_ p3C, _ QY 9
-k ’H_kUﬁ’Sc_Dm’Kr
8k,
=0
1 9
OL:%, k]z kfil), S—Uét())
Qt, k' oUs
kz = s = ‘8’ kl =
0 s =0 MBS (15)

3. Solution of the problem

When Casson fluid flow problem is modeled in mathematical form,
it boils down to a set of partial differential equations (PDE). They
are reduced into the linear dimensionless set of PDE (8) to (11) with
the initial and boundary conditions (12) to (14). The equations can
be solved analytically or numerically. Obtaining an analytic solution
in most cases is difficult. Even if we obtain an analytic solution, in-
terpreting the results is also a cumbersome task. The Laplace trans-
form can be applied to get analytic solutions. However, it is difficult
to draw graphs form an analytic solution for various values of the
parameters, while with numerical methods (and with the help of
MATLAB) it is comparatively easy to draw graphs and interpret the
results.

3.1. Solution of the MHD flow problem with the Ramped
Temperature and Ramped Concentration

As we have seen previously, the dimensionless similarity transforma-
tion reduces the set of PDE to a dimensionless form. MATLAB soft-
ware is used to solve these dimensionless equations using the finite
element method. The pdepe function is a powerful tool in MATLAB
used for numerically solving partial differential equations in one
spatial dimension and time. It is particularly valuable for modeling
parabolic and elliptic PDEs, which commonly arise in heat transfer,
mass diffusion, and fluid flow problems. By handling the spatial and
temporal discretization automatically, pdepe simplifies the solution
of complex, coupled PDE systems. Its built-in numerical solvers en-
sure accuracy and stability, making it highly useful in engineering,
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physics, and applied mathematics. While using the pdepe function,
an increment size of 0.111 is taken for the temporal variable t and
an increment size of 0.0159 is taken for the spatial variable y. Here,
the cost and accuracy of the solution are heavily influenced by the
length of y.

3.2. Solution of the MHD flow problem with constant
temperature and constant concentration

To understand the effects of ramped temperature and ramped con-
centration, the findings must be compared with constant tempera-
ture and constant concentration. The first and boundary conditions
in this case are as follows: the dimensionless first condition for
y = 0and t < 0is

u=0, v=0, 0=o0, C=0 (16)
The dimensionless boundary conditions for

y=0and t = 0Ois

u=eY, v=0, 0=1, C=1 (17)
Another boundary condition for y = ©© and t = 0 is

u—>0, v—-o0 6-0 C-0 (18)

The set of dimensionless PDE is solved using the same discretization
that we have already used for the ramped case.

4. Numerical results and discussion

For both ramping and constant temperature and concentration set-
tings, a graphic representation is provided of how the Soret and Hall
currents affect the velocity, temperature profile, and concentration
profile. A parametric study is carried out to gain a comprehensive
understanding of the physics involved in the situation, and graphical
explanations of the numerical results are given. Figures 2-19 display
the primary velocity, secondary velocity, fluid temperature, and con-
centration using various parameters.

Primary Velocity u(x,t)

Figure 2. Graph of Primary velocity Vs the Hall parameter m

Figure 3. Graph of Primary velocity Vs the Casson fluid parameter
Y

Primary Velociy ulx.)

Figure 4. Graph of Primary velocity Vs the Magnetic fluid param-
eter M

A1 =01,08,2

Primary Velocity u(x.()

Figure 5. Graph of Primary velocity Vs the permeability parameter
k1
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Primary Veloclty u(x)

Primary Velocity u(x)

Figure 7. Graph of Primary velocity Vs the heat transfer Grashof
number Gr

Primary Velocity u(x.)

Figure 8. Graph of Primary velocity Vs the mass transfer Grashof
number Gm

Figures 2 through 19 illustrate that fluids kept at a constant tempera-
ture show higher rates of mass transfer, heat transfer, and momen-
tum compared to MHD fluids with ramped boundary conditions.
For the concentration profiles, a similar pattern is noted. The rea-
son being, for constant temperature and concentration, the system
achieves a steady-state MHD flow, resulting in a stable velocity
profile. The momentum transfer increases due to stability. Similarly,
a uniform temperature distribution increases the heat transfer, and
a uniform concentration gradient enhances mass transfer. Whereas

the non-uniform flow in ramped temperature and concentration
reduces the overall momentum and transport profile.

Figure 2 shows the relation between the Hall current parameter
m and the primary velocity u(x,t), when all other parameters are
constant. It is found that an increase in m results in an enhanced
velocity profile. A stronger Hall current reduces the resistive forces
in the fluid, which allows the magnetic field to induce more electric
currents. These currents generate a Lorentz force that enhances the
fluid motion. This has practical applications in areas such as MHD
propulsion systems, plasma physics, electromagnetic flow control,
and plasma-based manufacturing.

In Figure 3, the Casson parameter y decreases as the primary veloc-
ity increases. As y increases, the fluid’s yield stress enhances, which
opposes motion of the fluid. The Casson fluid’s velocity is reduced
due to this added resistance. This has applications in designing sys-
tems involving non-Newtonian fluids, such as in biomedical or food
engineering.

Figure 4 shows the correlation between the magnetic parameter M
and the primary velocity u(x, t). As M increases, the fluid motion is
opposed by the increased magnetic drag force, so the velocity and
the boundary layer thickness decline. This concept has applications
in electromagnetic braking systems in high-speed trains, MHD
power generation, nuclear reactor cooling systems, and electro-
chemical processes such as electroplating.

Figure 5 shows the direct relationship between the permeability
parameter k1 and primary velocity. As the permeability parameter
enhances, the porous medium’s resistance lowers, thus it develops
momentum boundary layer. This increased fluid velocity and a
thicker boundary layer is important for oil recovery, filtering sys-
tems, and flow in porous biological tissues.

There is inverse correlation between rotation parameter k and pri-
mary velocity which is clear from Figure 6. As k decreases, the fluid
experiences reduce rotational effects, declining the viscosity and
enhancing the velocity.

The effect of the thermal Grashof number, which is the ratio of
buoyancy to the viscous forces developed due to the temperature
gradients, is covered in Figure 7. A higher Grashof number shows
that the buoyant force is dominant, which enhances fluid accelera-
tion. This has applications in the cooling of electronic components,
solar energy harvesting, chimney design, and geothermal systems.

Figure 8 illustrates the relation between the mass transfer Grashof
number and velocity profile. Here also the higher Grashof number
shows greater buoyant forces in relation to viscous resistance, which
increases fluid velocity. This concept is important in atmospheric
pollutant dispersion, chemical absorption processes, and thermal
management in food packaging and preservation systems.
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Figure 9. Graph of Secondary velocity v(x,t) Vs the Hall current
parameter m

Secondary Velociy i)

H

Figure 10. Graph of Secondary velocity v(x,t) Vs the Casson fluid
parameter

v

Figure 11. Graph of Secondary velocity v(x,t) Vs the magnetic fluid
parameter M

ey

Secondary Velosty

Figure 12. Graph of Secondary velocity v(x,t) Vs the permeability
parameter k1

K=01,15,10 — — — Constant Temperature and Constant Surface Concentration

Figure 13. Graph of Secondary velocity v(x,t) Vs the rotation
parameter k

When all other parameters are held constant, Figure 9 shows cor-
relation between secondary velocity v(x,t) and the Hall current
parameter m. Both have positive correlations. This is because the
enhanced Hall effect reduces the fluid’s electromagnetic resistance,
which results in a stronger Lorentz force which enhances both the

primary and secondary velocity.

Figure 10 presents correlation between the secondary velocity v(x,t)
and the Casson fluid parameter y. In the region, there is a positive
correlation—the secondary velocity enhances with the Casson pa-
rameter y. However, beyond, the trend reverses, and the secondary
velocity begins to decline. This shows that the yield stress becomes
more dominant at far distance from plate, which reduces velocity.

In Figure 11, it is seen that there is negative correlation between the
secondary velocity and the magnetic parameter M. The reduction in
velocity can be explained by the enhancing magnetic damping force,
which reduces the fluid velocity in both the primary and secondary
directions due to the higher Lorentz drag.

The association between the permeability parameter k1 and second-
ary velocity is clear from Figure 12. As rises, the resistance of the
porous medium decreases, which enhances momentum diffusion
and results in a higher secondary velocity. This result is same as saw
in case of primary velocity also.

The association between the rotation parameter k and the secondary
velocity is seen in Figure 13. There is a positive link between the sec-
ondary velocity and the rotation parameter values. This is because
the rotational effects give the fluid more angular momentum, which
increases the system’s transverse motion (secondary flow).
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Pr

x

Temerature Profle

Figure 15. Graph of the temperature profile Vs the heat generation
parameter H

Temperature ) (x1)

Figure 16. Graph of the temperature profile Vs the radiation
parameter R.

Concentration clx)

Figure 17. Graph of the concentration profile C(x,t) Vs the Schmidt
parameter Sc

Figure 18. Graph of the concentration profile C(x,t) Vs the Soret
parameter Sr

Figure 19. Graph of the concentration profile C(x,t) Vs the
chemical reaction parameter Kr

The Prandtl number is the ratio of momentum diffusivity to thermal
diffusivity in a fluid. A negative correlation between the temperature
profile and the Prandtl number Pr is clear in Figure 14. This hap-
pens because heat spreads more slowly in fluids with higher Prandtl
numbers. As a result, the thermal boundary layer becomes thinner,
and the overall temperature distribution reduces. This concept has
applications in coolant design for nuclear reactors, heat exchangers,
geophysical flows, semiconductor crystal production, and liquid
metal cooling in nuclear fusion systems.

The heat generation parameter H is measure of internal heat genera-
tion due to chemical reactions, resistive heating, or nuclear process-
es. Figure 15 proves a positive correlation. As H increases, it raises
internal energy and the temperature of the fluid. This phenomenon
has applications in internal combustion engines, battery systems in
electric vehicles, electronics cooling (such as microprocessors), and
nuclear reactor thermal management.

Figure 16 shows that there is negative correlation between the ra-
diation heat parameter and the temperature profile. As radiation
increases, the fluid loses more heat, leading to a drop in tempera-
ture. This concept has applications in regulating the temperature in
industrial furnaces, preventing thermal damage to spacecraft during
atmospheric re-entry, and managing excess heat in solar panels.
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The Schmidt number is the ratio of momentum diffusivity to the
mass diffusivity. It is important in the mass transfer analysis. Figure
17 shows that as Sc enhances, the concentration profile steepens,
showing slower mass diffusion. Higher Schmidt numbers show that
momentum diffusion is more as compared to mass diffusion. The
concept has applications in separation processes, fuel mixing in
combustion, and pollutant dispersion modeling.

The Soret effect, or thermophoresis, shows movement of particles
due to a temperature gradient. The Soret parameter (Sr) quanti-
fies the effect of temperature gradient on mass transfer in a fluid.
Figure 18 depicts that as Sr enhances; the concentration profile is
also improved. This will enhance mass transfer due to temperature
gradients. This concept has applications in nanofluid technology,
multicomponent fluid flows, and biological systems.

Finally, Figure 19 examines the influence of the chemical reaction
parameter kr on concentration profile. Chemical reaction param-
eter is the ratio of the rate of chemical reaction to rate of mass dif-
fusion. A positive correlation was seen between kr and the rate of
concentration profile. As kr increases, the reactants are consumed
more rapidly, which decreases the concentration of the species. This
has applications in perfecting catalytic processes, environmental
remediation, and pharmaceutical manufacturing.

5. Conclusion

This study investigates the unsteady MHD Casson fluid flow over a
quadratically accelerating vertical plate including physical parame-
ters like thermal radiation, magnetic field, and chemical reactions,
with ramped temperature and concentration conditions. It is found
that, the primary velocity increases with the Hall current parameter,
permeability parameter, and Grashof numbers for heat and mass
transfer. This concept has applications in electromagnetic pumps,
cooling systems, porous media filtration, rotating machinery, and
non-Newtonian fluid control in engineering processes. The primary
velocity decreases with the Casson parameter, magnetic fluid, and
rotation parameters. The secondary velocity increases with the Hall
parameter, permeability and the rotation parameter, due to Corio-
lis forces. Lower magnetic parameter reduces the opposing force,
which increases secondary velocity. This concept has applications
in MHD propulsion, plasma control, rotating machinery cooling,
polymer processing, and biomedical flows. The temperature profile
increases with the heat generation parameter, showing enhanced
internal energy. while it decreases with higher Prandtl and radiation
parameters due to reduced thermal diffusivity. Concentration profile
improves with higher Schmidt and Soret numbers but decline with
increased chemical reaction parameters. Ramped boundary condi-
tions slow momentum, heat, and mass transfer, which is relevant
in systems requiring gradual thermal or concentration gradients. In
future, there is scope to study Casson fluid flow with Soret, Dufor,
thermal radiation effects and with various boundary conditions like
Quadratically accelerated plate, multislip conditions. In addition to

this, Fractional differential equations (FDEs) can be employed to
study memory-dependent behavior of Casson fluid flow.
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Nomenclature

u Primary velocity (m/s)

v Secondary velocity (m/s)

t Time (seconds)

T Temperature (k kelvin)

C Concentration (kg/

My Dynamic Viscosity (kg/ms)

Y Casson Fluid Parameter (Pa)

o Electrical Conductivity (S/m)

B, Uniform Magnetic Field (T Tesla)

g Force Due to gravity (

p Density of Fluid (kg/m?)

By Thermal expansion coefficient (1/K)
B'c Concentration expansion coefficient (m*/kg)
C Isobaric specific heat (J/kgK)

=]
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q, Radiative Heat Flux (W/m?)

D, Coefficient of Mass Diffusivity (m?/s)
D. Coefficient of Thermal Diffusivity (m?*/s)
9 Kinematic Viscosity (m?/s)

k Permeability of the Porous Medium Parameter (m?)
u Dimensionless primary velocity

v Dimensionless secondary velocity

t Dimensionless Time

0 Dimensionless Temperature

C Dimensionless Concentration

m Hall Current Parameter

M Magnetic parameter

G Mass Transfer Grashof number

G, Heat Transfer Grashof number

P Prandtl Number

H Heat generation parameter

R Radiation Parameter

S, Schmidt number

S Soret Parameter

k. Chemical reaction parameter
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