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This research work investigates the Hall and Dufour Effects, as well as the
impact of rotation, on magnetohydrodynamic flow over a parabolically accel-
erated vertical plate with uniform temperature and variable mass diffusion. In
contrast to other studies that investigated these effects independently or under
steady plate motion, this work evaluates their combined impact in a transient,
parabolically accelerated condition in an entirely novel way. The precise nature
of this impact is still not very clear despite relevant computations being made.
Both the plate temperatures and the nearby concentration levels have increased
consistently and uniformly. The dimensionless form was obtained by applying
the Laplace transform. The Schmidt number, Ludwig Prandtl number, thermal
Franz Grashof number, and mass Franz Grashof number were among the phys-
ical parameters that were assessed. For the profiles to be visually represented,
these properties were included with the effects of velocity, temperature, and the
number of species dissolved in the liquid. The liquid stream equation concepts
are developed by implementing MATLAB software. Increased velocity measure-
ments are the result of an increase in the thermal (or mass) Grashof number.
A reversal of the trend has been observed in the Dufour and magnetic field
characteristics. In the investigated settings, the temperature and concentration
levels near the plate both steadily increase. This formulation provides a more
thorough understanding of coupled electromagnetic–thermal–mass diffusion
phenomena in electrically conducting fluids by integratingHall currents, Dufour
heat transfer, and rotational effects. Itmay find use inmaterial processing, energy
systems, and industrial cooling. Moreover, the current analysis illustrates the
effects of Schmidt number variation and time-dependent concentration decay on
the concentration boundary layer inMHD flows. This information is essential for
optimizing processes where mass transfer under magnetic fields is a governing
factor, such as metallurgical operations, chemical reactors, cooling systems, and
biomedical transport.
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1 INTRODUCTION

Magnetohydrodynamic (MHD) flowhas attracted a lot of interest because of its applications in geophysical fluid dynamics,
engineering, and astrophysics. The behaviour of electrically conducting fluids in a variety of physical environments is
significantly impacted by phenomena like the Hall and Dufour effects, which occur in the presence of magnetic fields
and thermal gradients, respectively. These effects are especially important in processes like cooling technologies, crystal
growth, and plasma physics that involve the transfer of mass and heat in rotating systems. The quest to find a stable water
source prompted the need to comprehend fluid dynamics. The consensus was that wells needed to be dug out and basic
pumping equipment needed to be installed. The growing population further exacerbated the urgent need for fundamental
knowledge and a fast solution for sewage disposal. Learning thatwater could be harnessed to generate electricity andmove
cargo was a huge exhilaration. Within urban areas, rivers naturally grew longer and wider as cities expanded. Particularly
evident in the construction of “thermal energy stations, steel factories, gas turbines, and different aeroplane propulsion
frameworks,” among other applications, the modern era is entirely made up of ignition and reactor design. Important
factors in the design of reactor and combustion systems include energy consumption, temperature, and heat transfer
effects, material processing, and “heat and mass transfer effects.” In the middle of the 1800s, the Navier-Stokes equations,
which govern fluid flow, were thought to be too complicated to solve [1, 2].
With the advent of diverse corporations at the turn of the century, there was a need for scientific knowledge that could

be applied to a wide range of fluids rather than equations that were specific to each fluid. As a result of this requirement,
a number of novel ideas that have impacted fluid dynamics were developed. Selvaraj and Jothi [3] investigated how an
intensity source affected radiation intake and MHD as a liquid moved through a penetrable material. Their focus is also
seen as mass dispersion over an exponentially increasing vertical board with exponentially fluctuating temperature. The
rotational effects of a parabolic stream through an accelerated isothermal vertical panel with fluctuating temperature and
constant mass diffusion were investigated by Sindhu et al. [4]. The fluid dynamics of an unsteady MHD parabolic stream
through an accelerated vertical panel with rotation in a permeable material was examined in another study by Gowri and
Selvaraj [5]. Furthermore, the effects of revolution on a parabolic stream past an accelerated isothermal vertical panel with
heat and mass diffusion were explored by Selvaraj et al. [6].
Jothi et al. [7] performed a thorough investigation of the effects of radiation absorption and MHD on fluid flow past a

vertically accelerated panel with different temperatures and concentrations. Aruna et al. [8] demonstrated the Hall and
magnetic effects on a stream that passes a parabolically accelerated vertical panel with fluctuating thermal conditions
and constant mass diffusion when thermal radiation is present. The Hall and heat source effects of a stream passing a
parabolically accelerated isothermal vertical panel in the presence of radiation and chemical reactions are examined by
Lakshmikaanth et al. [9]. Jothi and Selvaraj’s study [10] focused on examining the Dufour influence on the MHD stream
through a vertical board that speeds up exponentially in a porous framework with varying mass and temperature disper-
sion. Additionally, in an environment of chemical reaction and Hall current, stream impacts of a parabolically propelled
isothermal upward surface are explained by Lakshmikaanth et al. [11]. Jothi and Selvaraj [12] examine the effect of Dufour
in a thin MHD stream passing through a penetrable material with an upward-slanted board that rapidly accelerates while
taking different temperatures and mass dispersion into account. They also study the effects of Dufour and Hall on MHD
flow through a vertical panel with variable mass diffusion and temperature and exponential acceleration.
Dufour and Hall effects on theMHD stream surrounding a vertically oriented panel experiencing exponential accelera-

tion have been studied by Angela and Selvaraj [13], accounting for temperature and mass diffusion changes. The purpose
of the study is to look into how stable fluid flux is in these circumstances. The effect of a continuous radial electric field
on the MHD heat and fluid flux produced by a rotating disc was examined by Mustafa Turkyilmazoglu [14]. The study
most likely examined how the liquid rotated when subjected to electric fields. Armstrong and Priyadarshini [15] investi-
gated the skin friction properties of a panel with a parabolic profile that is extensively vertical. In addition to the impact of
an attractive field, the analysis considered variations in temperature and mass dispersion. An investigation into convec-
tive heat and mass transfer in a magnetohydrodynamic setting between infinitely tall vertical panels, taking into account
the influence of the Soret effect and Joule dissipation, was described by Reddy et al. [16]. The paper also offers a brief
explanation of joule dissipation.
The impact of Dufour and Soret phenomena on continuous MHD flow over an inclined stretching sheet with heat

generation and a magnetic field was investigated by Karim et al. [17]. In this study, the researchers shared their relevant
findings, such that they examined the effects of radiation, Soret, Dufour, and other effects, as well as chemical reactions
and a heat source, on theMHD flow of a dissipative fluid past a permeable plate. The study explores how the fluid behaves
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as it passes through the permeable plate. In their study, Verma and Sharma [18] investigated the effects of Soret andDufour
impacts on heat and mass transfer, as well as MHD flux, over a sheet that can stretch exponentially. On the basis of this
research, the researchers presented their conclusions. Ercan et al. [19] looked at the Hall effect on MHD and heat transfer
with a constant electric domain. The focus of an investigation by Armstrong et al. [20] was the rotatory effects of an
explanatory transition past an upward plate over a penetrable material with different temperatures and uniform mass
distribution. Their decision in light of their examination was expressed by the expression’s expansion. Based on their
exploration, the experts presented their findings. In the framework of MHD, Seth et al. [21] researched the MHD free
convection with rotational impact in a moving vertical plate. Muthucumaraswamy R. et al. [22] investigated the effects
of the Hall impact on a vertically moving isothermal panel while taking temperature and mass diffusion changes in the
presence of a rotating fluid into consideration.
The common theme of theHall phenomenonwas examined byKrishnaM. et al. [23] about the successiveMHD flow of a

water-based nano-streambetween twoparallel planes. In their study of parabolic flowwithMHD,Kavitha et al. [24] looked
at the rotational andDufour effects of uniform temperature andmass diffusion through an accelerating vertical platewhile
a chemical reaction was taking place. They presented their findings at the end. The effect of Soret and Dufour on MHD
flux with heat and mass transfer past a permeable stretching sheet in the presence of thermal radiation was reviewed by
Gandluru et al. [25]. They clarified the flux’s properties and behaviour. Research on unvaryingmass diffusionwith thermal
radiation and the rotation of a parabolic vertical plate in progress in an MHD setting was investigated by Kathikeyan and
Selvaraj [26]. Based on the outcomes, they came to their conclusions. Based on their individual values, Dilip and Selvaraj
[27] separately examined the effects of rotation on convective heat and mass transfer on parabolic flux past an accelerated
isothermal vertical panel in the presence of a first-order chemical reaction. The stability of bonds, kinetic stability, energy
parameters, spectral characterization, GC-MS, and molecular descriptor studies on coumarin have all been explained by
Dhanalakshmi et al. [28]. The compounds 3-[2-(1-methyl-2-imidazolylthio)-1-oxoethyl] were employed, such that they
shared their insightful findings.
A succinct summary of the applications of TiO2/jackfruit peel nanocomposites in solar stills: experimental investigation

and efficacy evaluation was provided by Alsaiari et al. [29]. Case Studies in Thermal Engineering is where this study is
presented. In order to improve the performance of stepped basin solar still natural distillers, Gandhi et al. [30] investigated
the synergistic effects of SiO2/TiO2 nanolayers in causing thermal absorption and inflammatory reactions in materials. In
Sustainable Energy Technologies and Assessments, this study is addressed. Kumar et al. [31] explored the experimental
investigation of the performance of a solar still using SiO2 nanoparticles. The thermal potential of porous materials and
the difficulties in enhancing a solar still with TiO2/jackfruit peel as an improved energy storage material were examined
by Asha et al. [32]. They employed particular chemicals to conclude the results. An experimental study on a single-slope,
single-basin solar still employing a TiO2 nanolayer for the creation of natural, clean water was reviewed by Shanmugan
et al. [33]. They utilized jackfruit peel or TiO2 to illustrate how the solar system functions. In order to further increase
the productivity of a solar panel, Panchal et al. [34] examined the effects of graphite powder combined with black paint
on the absorber panel. In order to enhance the efficiency of a solar desalination unit, Thakur et al. [35] investigated a
novel solar absorber that uses activated carbon nanoparticles made from bio-waste. The effect of the MHD stream past an
exponentially inclined vertical panel of first-order chemical response with variable mass diffusion and thermal radiation
was investigated by Usharani et al. [36]. This study demonstrates that the Dufour and Hall phenomena are both present
in MHD flow over a parabolically accelerated vertical plate with uniform temperature and mass diffusion in response to
temperature and mass diffusion changes. The study uses Laplace transform techniques to provide numerical solutions
to the basic fluid flow equations. Exponential and complementary error function representations will be employed to
clarify the mathematical solutions found. Applications in the steel industry, including the ability of hot iron to modulate
magnetically during steel production, nuclear reactors for cooling fluid metallic substances, semiconducting materials
for hot iron control, meteorology, and other related fields, are strengthened by this kind of research. This study describes
the coupled momentum, energy, and concentration fields employing a mathematical model. The governing equations are
either numerically or analytically solved, and the outcomes are examined to determine the effects of important parameters
like the rotation parameter, Hall parameter, Dufour number, and magnetic field strength. The results shed light on the
combined effects of these physical phenomena and lay the groundwork for process optimization in real-world applications.
There are numerous practical applications for the analysis of MHD flow over a parabolically accelerated vertical plate

with concentration effects in science and engineering, where it is essential to understand coupled heat and mass trans-
fer under magnetic fields. The ability to regulate solute diffusion directly enhances the quality of the finished product in
metallurgical and materials processing processes, such as electromagnetic casting, alloy solidification, and crystal forma-
tion. Understanding concentration decay under different Schmidt numbers is crucial for effective cooling and corrosion
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F IGURE 1 Flow chart for the problem.

control in nuclear engineering, especially in liquidmetal-cooled reactors. Similar ideas apply to ion diffusion under strong
magnetic fields in astronomical and geophysical processes, such as solar winds and stellar atmospheres. Magnetic drug
targeting utilizes these transport phenomena in biomedical engineering to maximize drug delivery and particle diffu-
sion. In addition, solute concentration profiles control reaction speeds and efficiency in the chemical and electrochemical
industries, including membrane separation, corrosion prevention, and electroplating. Finally, controlling concentration
gradients in magnetic environments is essential to environmental and energy systems, including fuel cell technology,
hydrogen storage, and pollution dispersion management. Therefore, by demonstrating how concentration changes with
time and Schmidt number inMHD flows, the current findings offer important insights for improving these heterogeneous
systems [37, 38].
Assumptions of the Problem

1. Over a vertical plate, the flow is laminar, two-dimensional, and unstable.
2. The fluid is electrically conductive, viscous, and incompressible.
3. With time, the vertical plate accelerates parabolically.
4. The induced magnetic field (low magnetic Reynolds number) is ignored when a homogeneous magnetic field is

applied normal to the plate.
5. Ion-slip and other higher-order effects are disregarded, although Hall current effects are taken into account.
6. While the Soret effect (mass flux due to temperature gradient) is disregarded, the Dufour effect (energy flux owing to

concentration gradient) is included.
7. The system rotates uniformly around a plate-perpendicular axis.
8. The temperature of the plate is consistently higher than that of the fluid.
9. In the fluid medium, variable mass diffusion is taken into account.
10. Except in cases where they manifest as dimensionless quantities, the fluid’s physical characteristics, such as its

viscosity and thermal conductivity, are taken to be constant.
11. Joule heating and viscous dissipation heat are ignored.
12. The fluid and plate are initially at rest with consistent temperature and concentration.

The flow chart for the considered problem is explained through illustration in Figure 1.



SELVARAJ et al. 5 of 18

F IGURE 2 Physical model of the problem.

2 MATHEMATICAL ANALYSIS

The parabolic acceleration of an infinite isothermal plate in the presence of rotation causes a fluid flow in a parabolic
pattern outside the plate in the context of 3D-Dufour andHall effects inMHD. The x′-axis is perpendicular to the direction
of irregular flow, the y′-axis parallels the x′-axis, and the Z′-axis is normal to the x′-axis, as depicted in Figure 2. Because
of the transverse magnetic field, the fluid and the plate are both rotating steadily around the z-axis at the same angular
velocity. It is expected that the viscous dissipation and the precipitatedmagnetic field will be small. The fluid and the plate
were initially both at rest and at the same temperature. Thereafter, the plate was moved perpendicular to its own after
t′ > 0.
When the aforementioned assumptions are considered, the following are the governing equations for momentum,

energy, and species concentration in the natural convection flow provided by Soundalgekar [39, 40]

𝜕u

𝜕t′
= V

𝜕2u

𝜕y2
+ 2Ω′v −

𝜎 𝜇e
2B0

2

𝜌 (1 + m2)
(u + mv) + g𝛽

(
T′ − T′∞

)
+ g𝛽∗

(
C′ − C′

∞

)
(1)

𝜕v

𝜕t′
= V

𝜕2v

𝜕y2
− 2Ω′u +

𝜎 𝜇e
2B0

2

𝜌 (1 + m2)
(mu + v) (2)

Energy equation

𝜌cp
𝜕T′

𝜕t′
= k

𝜕2T′

𝜕z2
−

𝐷𝑚𝐾𝑇

𝐶𝑠𝐶𝑝

(
𝜕2𝐶′

𝜕𝑦′
2

)
(3)

Equation of mass diffusion

𝜕C′

𝜕t′
= D

𝜕2C′

𝜕z2
(4)

where u is the axial velocity and v is the transverse velocity. The prescribed initial and boundary conditions are

t′ ≤ 0 ∶ 𝑢 = 0 , 𝑣 = 0 , T′ = 𝑇′
∞ , C′ = 𝐶′

∞ for all 𝑧

t′ > 0 ∶ 𝑢 = u0t
′2

, 𝑣 = 0 , T′ = T′∞ + ( Tw
′

− T′∞)𝐴t′, C′ = C′
∞ + ( Cw

′

− C′
∞)𝐴t′ at 𝑧 = 0

t′ > 0 ∶ 𝑢 → 0 , 𝑣 → 0 , T′.T∞
′

, C′.C∞

′

as 𝑧 → ∞

⎫⎪⎬⎪⎭ (5)
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Considering the dimensionless values shown below

𝑍 =
𝑦𝑢0
𝜗

, 𝑡 =
𝑡𝑢0

2

𝜗
, 𝑈 =

𝑢

𝑢0
, 𝑉 =

𝑣

𝑢0
, 𝜃 =

𝑇′ − 𝑇′
∞

𝑇′
𝑤 − 𝑇′

∞

𝐶̄ =
𝐶′ − 𝐶′

∞

𝐶′
𝑤 − 𝐶′

∞
, 𝐺𝑚 =

𝑔𝛽∗𝜗
(
𝐶′

𝑤 − 𝐶′∞

)
𝑢0

3
, 𝑟 =

𝑔𝛽𝜗
(
𝑇′

𝑤 − 𝑇′
∞

)
𝑢0

3

𝑀 =
𝜎𝜇2𝐵0

2𝜗

𝜌𝑢0
2 (1 + 𝑚2)

, Pr =
𝜇𝐶𝑝

𝑘
, 𝜇 = 𝜗𝜌, 𝜔̄ =

𝜔𝜗

𝑢0
2
,

𝐷𝑓 =
𝐷𝑚𝐾𝑇 (𝐶𝑤 − 𝐶∞)

𝜗𝐶𝑠𝐶𝑝 (𝑇𝑤 − 𝑇∞)

⎫⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎭

(6)

Equations (1)–(4) aremodified into a non-dimensional form using Equation (6). Below are the dimensionless governing
equations that resulted [41].

𝜕U

𝜕t
=

𝜕2U

𝜕Z2
+ 2ΩV −

2M2

1 + m2
(U −mV) + Gr𝜃 + GmC (6)

𝜕V

𝜕t
=

𝜕2U

𝜕Z2
− 2ΩU +

2M2

1 + m2
(mU − V) (7)

𝜕𝜃

𝜕t
=

1

Pr

𝜕2𝜃

𝜕z2
− 𝐷𝑓

𝜕2𝐶

𝜕𝑧2
(8)

𝜕C

𝜕t
=

1

Sc

𝜕2C

𝜕z2
(9)

Removing the bars from Equations (6) to (9) and solving Equations (6) and (7) by adding them together, then applying
the complex velocity q = U + iV, results in the combined as single equations represented as (12)

𝜕𝑞

𝜕𝑡
=

𝜕2𝑞

𝜕𝑧2
+ 𝐺𝑟𝜃 + 𝐺𝑚𝐶 − 𝑎𝑞 (10)

here a = 2𝑚2

1+𝑚2
+ 2𝑖[Ω −

𝑀2𝑚

1+𝑚2
].

Initial and boundary conditions for non-dimensional quantities are

𝑞 = 0; 𝜃 = 0; 𝐶 = 0 ∀ 𝑧 ∶ 𝑡 ≤ 0

𝑞 = t2; 𝜃 = 1; 𝐶 = 𝑡 at 𝑧 = 0 ∶ 𝑡 > 0

𝑞 → 0; 𝜃 → 0; 𝐶 → 0 as 𝑧 → ∞

⎫⎪⎬⎪⎭ . (11)

3 RESULTS AND DISCUSSION

The dimensionless governing Equations (8)–(10), as well as the initial and boundary conditions (13), are solved by applying
the Laplace transformmethod. The corresponding solutions are as follows: Equations (12)–(14) describe the concentration,
temperature, and velocity profiles [42].
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𝐶 = 𝑡

[(
1 + 2𝜂2𝑠𝑐

)
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐
)
−

2𝜂
√
𝑠𝑐√
𝜋

𝑒−𝜂
2𝑠𝑐

]
(12)

𝜃 =

[
𝐷𝑓.𝑝𝑟.𝑠𝑐

𝑠𝑐 − 𝑝𝑟

]
⎧⎪⎪⎪⎨⎪⎪⎪⎩
𝑡

⎡⎢⎢⎢⎢⎢⎢⎣

((
1 + 2𝜂2𝑝𝑟

)
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑝𝑟

)
−

2𝜂
√
𝑠𝑐√
𝜋

𝑒−𝜂
2𝑝𝑟

)

−
(
1 + 2𝜂2𝑠𝑐

)
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐
)
−

2𝜂
√
𝑠𝑐√
𝜋

𝑒−𝜂
2𝑠𝑐

⎤⎥⎥⎥⎥⎥⎥⎦

⎫⎪⎪⎪⎬⎪⎪⎪⎭
+ 𝑒𝑟𝑓𝑐

(
𝜂
√
𝑝𝑟

)
(13)

𝑞 = 𝑞1 + 𝑞2 + 𝑞3 + 𝑞4 + 𝑞5 + 𝑞6. (14)

Wherein,

𝑞1 =
1

2

[
𝜂2

𝑎
+ 𝑡2

] ⎡⎢⎢⎢⎣
[𝑒2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
𝑎𝑡

)
+𝑒−2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
𝑎𝑡

)
⎤⎥⎥⎥⎦

𝑞2 =

[(
1

4𝑎
− 1

)(
𝜂
√
𝑡

2
√
𝑎

)]⎡⎢⎢⎢⎣
𝑒−2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
𝑎𝑡

)
−𝑒2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
𝑎𝑡

)
⎤⎥⎥⎥⎦ −

𝜂𝑡

2𝑎
√
𝜋
𝑒−𝜂

2−𝑎𝑡

𝑞3 =
𝐺𝑟

𝑝𝑟 − 1

⎡⎢⎢⎢⎣𝑒𝑟𝑓𝑐
(
𝜂
√
𝑝𝑟

)
−

1

2

⎧⎪⎨⎪⎩
𝑒−2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
𝑎𝑡

)
−𝑒2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
𝑎𝑡

)
⎫⎪⎬⎪⎭
⎤⎥⎥⎥⎦

𝑞4 =
𝐺𝑚

𝑠𝑐 − 1

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

𝑡

2

⎛⎜⎜⎜⎝
𝑒−2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
𝑎𝑡

)
+𝑒2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
𝑎𝑡

)
⎞⎟⎟⎟⎠

−
𝜂
√
𝑡

2
√
𝑎

⎛⎜⎜⎜⎝
𝑒−2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
𝑎𝑡

)
+𝑒2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
𝑎𝑡

)
⎞⎟⎟⎟⎠

+𝑡[
(
1 + 2𝜂2𝑠𝑐

)
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐
)

−
2𝜂

√
𝑠𝑐√
𝜋

𝑒−𝜂
2𝑠𝑐

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎭
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𝑞5 =
𝐷𝑓.𝑝𝑟.𝑠𝑐.𝐺𝑟

(𝑠𝑐 − 𝑝𝑟) (𝑝𝑟 − 1)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

(
𝜂
√
𝑡

2𝑏
√
𝑎
−

1

2𝑏2
−

𝑡

𝑏

)⎡⎢⎢⎢⎣
[𝑒2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
𝑎𝑡

)
+𝑒−2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
𝑎𝑡

)⎤⎥⎥⎥⎦
+
𝑒𝑏𝑡

2𝑏2

⎡⎢⎢⎢⎣
𝑒−2𝜂

√
(𝑎+𝑏)𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
(𝑎 + 𝑏) 𝑡

)
−𝑒2𝜂

√
(𝑎+𝑏)𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
(𝑎 + 𝑏) 𝑡

)⎤⎥⎥⎥⎦
−

(
1

𝑏2
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑝𝑟

))

−
𝑡

𝑏

[(
1 + 2𝜂2𝑝𝑟

)
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑝𝑟

)
−

2𝜂
√
𝑝𝑟√
𝜋

𝑒−𝜂
2𝑝𝑟

]

+
𝑒𝑐𝑡

2𝑐2

⎡⎢⎢⎢⎣
[𝑒−2𝜂

√
𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐 −

√
𝑐𝑡
)

+𝑒2𝜂
√
𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐 +

√
𝑐𝑡
)⎤⎥⎥⎥⎦

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

𝑞6 =
𝐷𝑓.𝑝𝑟.𝑠𝑐.𝐺𝑟

(𝑠𝑐 − 𝑝𝑟) (𝑠𝑐 − 1)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

(
𝜂
√
𝑡

2𝑐
√
𝑎
−

1

2𝑐2
−

𝑡

𝑐

)⎡⎢⎢⎢⎣
[𝑒2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
𝑎𝑡

)
+𝑒−2𝜂

√
𝑎𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
𝑎𝑡

)⎤⎥⎥⎥⎦
+
𝑒𝑐𝑡

2𝑐2

⎡⎢⎢⎢⎣
𝑒−2𝜂

√
(𝑎+𝑐)𝑡𝑒𝑟𝑓𝑐

(
𝜂 −

√
(𝑎 + 𝑐) 𝑡

)
−𝑒2𝜂

√
(𝑎+𝑐)𝑡𝑒𝑟𝑓𝑐

(
𝜂 +

√
(𝑎 + 𝑐) 𝑡

)⎤⎥⎥⎥⎦
+
1

𝑐2
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑆𝑐

)
−

𝑡

𝑐

[(
1 + 2𝜂2𝑠𝑐

)
𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐
)
−

2𝜂
√
𝑠𝑐√
𝜋

𝑒−𝜂
2𝑠𝑐

]

+
𝑒𝑐𝑡

2𝑐2

⎡⎢⎢⎢⎣
[𝑒−2𝜂

√
𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐 −

√
𝑐𝑡
)

+𝑒2𝜂
√
𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐

(
𝜂
√
𝑠𝑐 +

√
𝑐𝑡
)⎤⎥⎥⎥⎦

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

Calculations are based on the outcomes of the Dufour-Hall effect, uniform temperature, andmass diffusion.Mathemat-
ical expressions, such asM = 1, Gr = Gm = 2, 2, 5, serve as examples. To illustrate complexities, parameters Pr = 0.71, Df
= 0.5, and Sc = 0.16 are frequently employed. MATLAB was utilized to generate 2-D visualizations of speed, temperature,
and absorption as depicted in Figures 3–12. Following the calculations, the amalgamation of Dufour and Hall effects in
the presence of MHD was identified as a potential research technique for solving flow equations [43].
Figure 3 depicts a temperature curve with different Dufour values, Df = 0.2, 0.4 and 0.5 at t = 0.2, Pr = 0.71 and Sc

= 2.01. The graph illustrates the significant impact of the Dufour number on the temperature distribution in a system.
As the Dufour number increases, the temperature rises due to the enhanced heat transfer caused by the concentration
gradient. This study highlights the importance of considering the Dufour number in heat transfer analysis, particularly
in systems where the concentration gradient plays a crucial role. The Dufour number is a dimensionless quantity that
represents the ratio of the heat flux due to the concentration gradient to the heat flux due to the temperature gradient.
In essence, it measures the effect of the concentration gradient on the temperature distribution. Fluid temperature near
the plate rises as a result of increased thermal energy transmission caused by an enhanced Dufour effect (higher Df).
Temperature fields are greatly impacted by concentration gradients because of this phenomenon, which enhances the
coupling between heat and mass transfer. Ignoring this parameter might result in an underestimation of the heat transfer
rate in engineering systems where Dufour effects are not negligible (such as in multicomponent gas mixtures, porous
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F IGURE 3 Temperature curve for different Df values.

F IGURE 4 Temperature curve for different Pr values.

F IGURE 5 Temperature curve for different Sc values.
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F IGURE 6 Temperature curve for different t values.

F IGURE 7 Concentration curve for different t values.

F IGURE 8 Concentration curve for different Sc values.
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F IGURE 9 Velocity curve for different Gr and Gm values.

F IGURE 10 Velocity curve for Df values.

F IGURE 11 Velocity curve forM values.
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F IGURE 1 2 Velocity curve for t values.

media, or high-temperature applications). The interaction of magnetic fields, thermal diffusion, and solutal diffusion can
significantly alter boundary layer properties for MHD flows in particular, affecting cooling rates, thermal control, and
energy efficiency. As a result of thicker thermal boundary layers, the temperature increases as Df increases. InMHD flows
over parabolically accelerated vertical plates, heat transport is thus improved by stronger Dufour effects [44].
Figure 4 demonstrates the impacts of the temperature profile for various Prandtl values, especially Pr = 0.71(air) and

7 at t = 0.2, Df = 0.2, and Sc = 2.01. The results show that for Pr = 0.71, the temperature is higher than that of Pr = 7,
indicating that the air is hotter than the water. As the Prandtl number increases, the temperature drops. The temperature
profile drops as Pr values rise from 0.71 to 7. The ratio of momentum diffusivity to thermal diffusivity is represented by the
Prandtl number. The thermal diffusivity is greater than themomentum diffusivity when the Prandtl number is smaller (Pr
= 0.71). As a result, heat is transferredmore effectively, raising the temperature. On the other hand,momentum diffusivity
predominates over thermal diffusivity when the Prandtl number is larger (Pr= 7). The temperature drops as a result of less
effective heat transfer. The temperature profile changes as a function of Prandtl number, which shows how thermal and
momentum diffusivity respond to heat transfer. On the other hand, the thermal boundary layer is significantly thinner
for higher Pr values (e.g., Pr = 7.0, corresponding to water) because heat diffusion is less than momentum diffusion,
producing steeper temperature gradients close to the plate. This suggests that while fluids with low Pr values permit
more thermal penetration into the fluid domain, those with high Pr values cool more quickly and have stronger thermal
confinement close to the boundary. Therefore, the result indicates that in MHD flows across accelerated vertical plates,
raising Pr decreases the thickness of the thermal boundary layer and increases the rate of heat transfer [45].
Figure 5 depicts the temperature curve for several Schmidt numbers, including Sc = 1.01, 2.01, and 3.01, as well as for

t= 0.2, Df= 0.2, and Pr= 0.71. The temperature undergoes a corresponding change as the Schmidt number increases. The
Schmidt number represents the ratio of momentum diffusivity to mass diffusivity. A higher Schmidt number indicates a
lower mass diffusivity, resulting in a reduced ability to transfer mass. This, in turn, affects the temperature distribution.
This suggests that the Schmidt number plays an imperative role in determining the temperature distribution in systems
involving mass transfer. The reason for this tendency is that fluids with lower mass diffusivity have greater Schmidt num-
bers, which strengthens the connection between concentration and thermal diffusion (through the Dufour effect). As a
result, heat is held in the fluid farther away from the plate. Conversely, a smaller thermal boundary layer results from
stronger mass diffusion at lower Sc, which causes the temperature to decrease more quickly. The result shows that rais-
ing the Schmidt number broadens the thermal boundary layer and raises the temperature distribution, indicating the
interdependence of mass, heat, and momentum transfer processes in MHD flows across accelerated vertical plates.
Figure 6 displays various temperature profiles for time periods t = 0.2, 0.3, and 0.4 with Df = 0.2, Pr = 0.71, and Sc =

2.01. The temperature profiles exhibit significant changes as time progresses. The time-dependent temperature evolution
suggests that the system is undergoing a transient heat transfer process. During this process, the temperature distribution
changes significantly with time, eventually reaching a steady-state condition. A narrower thermal boundary layer results
from the temperature rapidly decaying with the similarity parameter η at earlier times (𝑡 = 0.2). A thicker thermal bound-
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ary layer results from the temperature staying higher for greater distances from the plate as time passes (t = 0.3 and t =
0.4). This pattern can be explained by the fact that more heat is transported from the plate to the fluid over time, which
promotes more thermal diffusion and increased system energy retention. As a result of this behaviour, the thermal field is
greatly influenced by the flow’s unsteadiness; in MHD flows over accelerated vertical plates, the fluid absorbs more heat
energy over time, improving temperature distribution and expanding the thermal boundary layer.
The concentration curves for various time values (t = 0.2, 0.4, and 0.6) at a given Schmidt number (Sc = 2.01) are

shown in Figure 7. The mass transfer process over time is depicted by the concentration profiles. The concentration at
the wall intensifies as time goes on because the concentration gradient close to the wall gets more noticeable. The greater
spread of species towards the wall over time is the cause of this phenomenon. The concentration near the wall rises as the
species diffuses, creating a more noticeable concentration gradient. The concentration rapidly decays with the similarity
parameter η at earlier times (𝑡 = 0.2), revealing a thin solutal border layer. The concentration stays higher for longer
distances from the plate as time passes (t = 0.4 and t = 0.6), suggesting increased solutal diffusion into the fluid domain.
This trend is explained by the cumulative effect of mass transfer over time, which causes the concentration boundary
layer to widen as the fluid absorbs more species from the surface over time. The result shows that the solutal transport
is significantly governed by the flow’s unsteadiness; as time increases, the concentration field becomes stronger, which
improves solute penetration and diffusion in MHD flows across accelerated vertical plates.
The concentration curves for different Schmidt numbers (Sc = 0.16, 0.3, and 2.01) at time t = 0.2 are shown in Figure 8.

The wall concentration drops in tandem with the Schmidt number. The Schmidt number mostly determines the concen-
tration profile. In contrast to Newtonian viscosity, a higher mass diffusivity is indicated by a lower Schmidt number. As
a result, species diffuse more effectively, which lowers the concentration of walls. Moreover, a greater Schmidt number
indicates a lower mass diffusivity, which makes species diffusion less effective, resulting in the wall concentration rising.
It is clear that the concentration boundary layer thickness drastically reduces when the Schmidt number rises from Sc =
0.16 to Sc = 2.01. Fluids with lower mass diffusivity, represented by higher values of Sc, inhibit molecular diffusion and
speed up the decay of concentration with respect to the similarity parameter η. On the other hand, because of increased
mass diffusivity, the concentration reaches further into the boundary layer regionwith lower Schmidt numbers. The result
shows that species with higher diffusivity (lower Sc) spread farther into the fluid domain, whereas species with smaller
molecular diffusivity (higher Sc) are contained closer to the plate surface. This outcome is in line with physics predictions
and shows how important the Schmidt number is in controlling the mass transfer properties of magnetohydrodynamic
boundary layer flows.
Figure 9 depicts the velocity profiles for different thermal Grashof numbers (Gr = 2, 2.5, and 3) and mass Grashof

numbers (Gc = 2, 2, and 3) at t = 0.2, Df = 1, Pr = 0.71, Sc = 0.16,M = 1, and m = 1. Thermal Grashof number influence
as the velocity increases, the thermal Grashof number (Gr) rises significantly. The thermal Grashof number expresses the
ratio of buoyant forces to viscous forces. As velocity increases, buoyancy forces take precedence, resulting in an increase
in the thermal Grashof number. This, in turn, improves the heat transfer process. The association between velocity and
thermal Grashof number shows that as fluid velocity increases, so does the thermal Grashof number, resulting in a more
pronounced buoyancy effect and improved heat transfer. Overall, the velocity profiles signify a considerable influence on
the thermal Grashof number with respect to heat transfer, such that an increase in velocity leads to a considerable increase
in the thermal Grashof number, which results in greater heat transfer.
Figure 10 shows velocity profiles for different Dufour numbers (Df = 0.1, 0.2, and 0.3) with fixed parameters t = 0.2,

m = 1, Pr = 0.71, Sc = 2.01, Gr = 2, Gm = 2, and M = 2. The Dufour number has little effect on the velocity profile; a
higher Dufour number suggests a stronger influence of the concentration gradient on the heat transfer process. However,
in this case, the small gain in velocity despite a significant increase in the Dufour number indicates that the concentration
gradient has little effect on the velocity profile. This could be due to the dominance of alternative transport mechanisms,
such as thermal diffusion or viscous forces, which outweigh the influence of the Dufour number. In an overall perspective,
the velocity profiles reflect that the Dufour number does not have a notable effect on the velocity profile, which implies
that alternative transport processes govern the behavior of the flow.
At constant parameters Df = 1.5, t = 0.2, m = 3, Pr = 0.71, Sc = 0.16, Gr = 10, and Gm = 50, the velocity profiles for

different magnetic parameters (M= 2, 4, and 6) are shown in Figure 11. Themagnetic parameter (M) rises in proportion to
the increase in the magnetic field component. The concomitant rise inM suggests that the flow behaviour is significantly
influenced by the magnetic field. Because the magnetic field resists the fluid’s motion, the higher magnetic forces may
cause the velocity to drop. In the overall analysis, the velocity profiles could clearly indicate how the magnetic parameter
extensively affects flow behavior, thereby causing an increase in the magnetic field component, resulting in the magnetic
parameter rising in tandem, such that the velocity profile is changed.



14 of 18 SELVARAJ et al.

TABLE 1 Comparative study with existing literature works.

Reference Scientific domain Key contribution
Significance (compared to present
work)

Jothi and Selvaraj [3] MHD, heat transfer Investigated the heat source impact on
MHD fluid flow past an exponentially
accelerated plate with radiation
absorption through porous media.

Comparison: Addresses radiation
absorption, similar to the current study
in terms of MHD, but lacks rotation
and Hall/Dufour effects.

Sindhu et al. [4] Parabolic flow, MHD Analyzed rotational effects on
parabolic flow past an isothermal
vertical plate with variable
temperature and mass diffusion.

Directly relevant as it studies
rotational impacts, parabolic flow, and
mass diffusion, providing a foundation
for the current work.

Gowri and Selvaraj [5] Fluid dynamics, MHD Explored unsteady MHD parabolic
flow past a vertical plate under
rotation in a porous medium.

Comparison: Similar focus on
unsteady MHD parabolic flow and
rotation, but without Dufour effects.

Dilipjose and Selvaraj [6] Heat transfer, MHD Studied heat and mass diffusion in
parabolic flow past a vertical plate in
the presence of rotation.

Directly related, as it explores both
parabolic flow and rotation, essential
for the present work, but without
Hall/Dufour effects.

Lakshmikanthan et al. [9] Heat source, MHD Examined Hall and heat source effects
on flow past a parabolically accelerated
plate with chemical reaction and
radiation.

Crucial comparison with Hall and heat
source effects, providing insights into
the Hall phenomenon in parabolic
flow, like the present study.

Jothi and Selvaraj [10] MHD, Dufour effect Investigated the Dufour effect on MHD
flow past an exponentially accelerated
plate through porous medium with
variable temperature.

Directly related to Dufour effect in
MHD flow, offering foundational
insights for comparison with the
present study.

Armstrong et al. [20] Parabolic flow,
rotation

Studied rotational effects on parabolic
flow past a vertical plate through
porous medium with variable
temperature and mass diffusion.

Strong comparison point as it focuses
on both rotational effects and parabolic
flow, similar to the present research.

Verma and Sharma [18] MHD, Soret/Dufour
effects

Explored Soret and Dufour effects on
MHD flow with heat and mass transfer
past a stretching sheet.

Relevant as it provides insights into
both Dufour and Soret effects, key to
understanding the behavior of flows in
the present study.

Kavitha et al. [24] MHD, Dufour effect Analyzed the Dufour and rotational
effects on MHD flow through an
accelerating vertical plate with
chemical reaction.

Offers direct comparison on Dufour
effects combined with rotation,
aligning with the present work’s
objectives.

Dilip Jose and Selvaraj [27] Heat transfer, MHD Investigated convective heat and mass
transfer effects of rotation on parabolic
flow past an isothermal vertical plate
with chemical reaction.

Provides insights on rotation and
heat/mass transfer effects, crucial for
understanding rotational dynamics in
the current study.

Figure 12 displays velocity profiles at different time points (t = 0.1, 0.2, and 0.3) with fixed parameters m = 3, M
= 2, Pr = 0.71, Sc = 0.16, and Df = 1.5. The decrease in fluid velocity with time can be attributed to higher viscous
forces in the fluid. As time passes, the fluid’s kinetic energy dissipates due to the action of viscous forces, resulting
in a decrease in velocity. Furthermore, the temporal evolution of the velocity profile indicates that the flow is chang-
ing from a transient to a steady-state regime. The velocity profile grows more stable over time, indicating that the
fluid’s velocity changes are less frequent. In generalisation, the velocity profiles could reflect the temporal history of
the velocity of fluid, which decreases over time because of the development of increased viscous forces and the tran-
sition to a steady-state of the existing flow regime. A comparative study with existing literature works is listed in
Table 1.
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4 CONCLUSION

1. This research work provides an analytical solution illustrating the combined effects of Dufour and Hall on mag-
netohydrodynamic flow across a vertically parabolically accelerated plate with variable mass diffusion and uniform
temperature.

2. With the utilization of MATLAB, governing equations were developed that incorporate physical parameters such as
Hall and DuFour Effects, Schmidt number, rotational parameters, temperature, and mass Grashof numbers, and time
using the Laplace transform method.

3. The presented concise solutions make use of Dufour and Hall effects, among other factors, to assess temperature,
concentration, and velocity potentials.

4. Increases in time, Schmidt value, and mass Grashof value cause a corresponding increase in velocity, which decreases
as the Dufour value and Hall parameter rise.

5. An increase in time-dependent temperature leads to an increase in the Dufour coefficient. Concentration shows an
upward trend over time because a decrease in the Schmidt number is linked to an increase in concentration.

6. The comprehensive analysis of this studyhas significant implications formaterials science, environmental engineering,
energy, and aeronautical engineering.

7. With implications for engineering and industrial operations using electrically conducting fluids, these findings offer a
greater understanding of the interaction between thermal, mass diffusion, and electromagnetic effects in MHD flows.

NOMENCLATURE

𝐶∗ Species Concentration in the fluid→ 𝑘𝑔∕𝑚3

𝐶 dimensionless concentration→ (unitless)
𝐶∗
𝑤 wall concentration→ 𝑘𝑔∕𝑚3

𝐶∞ concentration far away from the Plate→ 𝑘𝑔∕𝑚3

𝐶𝑝 specific Heat at Constant Pressure→ J/(kg⋅K)
𝐷 mass diffusion coefficient→m2/s
𝐺𝑐 mass Grashof number→ (unitless)
𝐺𝑟 thermal Grashof number→ (unitless)
𝑔 accelerated due to gravity→m/s2
Pr Prandtl number→ (unitless)
𝑆𝑐 Schmidt number→ (unitless)
𝑇 temperature of the fluid near the plate→ K

𝑇𝑤 temperature of the plate→ K
𝑇∞ temperature of the fluid far away from the plate→ K
𝑡∗ Time→ 𝑠

𝑡 dimensionless time→ (unitless)
𝑢 velocity of the fluid in x-direction→m/s

𝑈0 velocity of the plate→m/s
𝑞 dimensionless velocity→ (unitless)
𝑥 spatial coordinate along the plate→m
𝑦 coordinate axis normal to the plate→m
𝑧 dimensionless coordinate axis normal to the plate→(unitless)
𝛽 volumetric coefficient of thermal expansion→1/k
𝛽∗ volumetric coefficient of thermal expansion
𝜃 dimensionless temperature→ (unitless)
𝜌 density of the fluid→ 𝑘𝑔∕𝑚3

𝜐 kinematic viscosity→m2/s
𝜇 coefficient of viscosity.→ Pa⋅s = kg/(m⋅s)
𝜂 similarity parameter 𝑡𝑜 (unitless)

𝑒𝑟𝑓𝑐 complementary error function→ (unitless)
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𝐷𝑓 Dufour number→ (unitless)
Ω angular velocity- rad/s
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