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ABSTRACT: This work presents a comprehensive investigation of Magnetohydrodynamic (MHD) flow past
an accelerated, isothermal, inclined plate within a rotating fluid environment, emphasizing the combined
influence of Hall current and internal heat generation or absorption. The formulation incorporates variable
mass diffusion, thermal radiation, and chemical reactions, leading to a coupled system of partial differential
equations governing the velocity, temperature, and concentration fields. These equations are solved analytically
using the Laplace transform technique under suitable initial and boundary conditions. The study distinguishes
itself by systematically exploring how major physical parameters-such as the magnetic field, Hall current,
rotational effects, porous medium permeability, radiation, and reactive species-shape the transport behaviour
of the fluid. Validation against previously reported results confirms the accuracy and robustness of the model.
Key findings reveal that fluid velocity increases with both the porous medium parameter(K)and the Hall
current parameter, highlighting their role in enhancing flow acceleration. Temperature reduces noticeably
with larger Prandtl numbers and heat absorption, while heat generation induces a marked rise in thermal
distribution. These insights are relevant to several technological and natural processes, including MHD power
systems, thermal management devices, and astrophysical fluid dynamics.

Key Words: Radiation, chemical reactions, rotation, Hall effects, Heat generation, absorption and
MHD.
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1. Introduction

The Hall current effect has a wide range of practical applications in various fields. Plasma physics is
important for controlling and confining plasma in nuclear fusion reactors, as well as understanding space
plasma dynamics such as solar winds and planetary magnetospheres. To convert the kinetic energy of
fluids like plasma or liquid metal into electrical energy, magnetohydrodynamic (MHD) generators depend
on Hall currents. Automotive systems and cell phones make use of Hall effect sensors, which sense mag-
netic fields primarily through Hall current effects. Furthermore, Hall effect thrusters use these currents
for efficient ion propulsion in spacecraft. In astrophysics, Hall currents are critical for understanding
cosmic plasma behaviour in phenomena such as accretion disks and interstellar matter interactions. For
its important applications in heat transfer phenomena, many researchers have been studied different flow
problems keeping in mind the hall current effect. Under the influence of H all effects and uniform suction
or injection, Hazem and Ahmed [1] investigated the unstable MHD flow around a spinning disc. They
found that after a certain distance, hall effects and higher injection parameter values make the fluid flow
anticlockwise to the rotation of the disc. On the other hand, reduced values diminish the radial veloc-
ity component, encouraging the fluid to flow inward beyond the disc. Seth et al.[2] examined unstable
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hydromagnetic free convection flow under the influence of Hall current and rotation. This process shows
how heat and mass move through a thick, non-compressible, electrically conductive, chemically reactive,
and optically thin fluid that radiates along an infinitely long plate. The plate moves abruptly within
a porous material that sustains a consistently specified temperature and surface concentration. They
found that Hall current tends to increase primary fluid velocity in areas that are close to the plate but
has the opposite impact in areas that are away from it. Emad and Elsayed [3] proposed the heat and
mass transfer characteristics along a vertical plate subjected to a Hall current and a uniform transverse
magnetic field, taking into account the combined influence of buoyancy forces arising from both thermal
and concentration gradients. Chi and Zhang [4]examined the impact of Hall effects on unstable fractional
magnetohydrodynamic (MHD) free convection and heat transfer in a space environment, revealing that
varying the fractional order produces effects opposite to those caused by changes in the Hall parameter,
thereby enhancing both MHD flow and space heat transfer. Jiang et al. [5] employed a spectral collo-
cation method combined with a second-order fractional backward difference scheme to study the effects
of Hall currents on the unsteady MHD flow of a generalized second-grade fluid within a porous medium.
Siddiga and Hossain [6] investigated the effect of strong magnetic field and Hall current on the free con-
vective boundary layer flow along a semi — infinite heated vertical surfaces Srinivasacharya and Kaladhar
[7] investigated the flow of couple-stress electrically conducting fluid between two concentric cylinders,
influenced by Hall and ion slip effects facilitated by a temperature-dependent heat source. Seth and Singh
[8] investigated how Hall currents affect the flow characteristics of a thermally and electrically conducting
viscous fluid in a rotating channel, leading to magnetically coupled convection. Paul et al. [9] investigated
a mixed convective MHD heat-absorbing flow, incorporating Hall and viscous dissipation as parameters,
which develops when a vertical porous plate is impulsively driven with a ramping surface temperature and
concentration. Using the numerical Runge-Kutta-Fehlberg method, Isa et al. [10] studied the impacts of
thermal radiation and Hall current on the magneto-natural convective flow of a dusty fluid. Important pa-
rameters appear to influence the fluid temperature; magnetic, radiation, and Hall parameters can cause it
to increase, while the slip thermal parameter can cause it to decrease. Many other researchers have stud-
ied the hall effects [11,12,13,14,15]. Many industrial processes rely on the effects of heat sources and sinks
on angled frameworks. These include fibre insulation for aircraft and spacecraft, microelectronic plate
cooling, polymer compound synthesis, and aeronautical polymeric sheet processing. In industrial and en-
gineering sciences, the heat source/sink effects enable numerous applications of combined heat and mass
transfer. These include improved oil recovery, geothermal reservoirs, thermal insulation, cooling poly-
mers, drying porous solids, nuclear reactors, oxidation, and synthesis materials. Dileep Kumar and Singh
[16]employed a vertical concentric annular configuration to investigate the effects of heat sources, heat
sinks, and induced magnetic fields on natural convection. Their findings indicate that introducing a heat
sink leads to a decrease in temperature distribution, induced current density, induced magnetic field, and
fluid velocity, whereas the presence of a heat source causes an enhance in all these parameters. Lavanya
and Ratnam [17]have developed an analytical solution that takes into account radiation and mass transfer
in the context of unsteady magnetohydrodynamic natural convection flow through a vertical porous plate
in a porous medium. This flow occurs under a slip flow regime, incorporating a heat source/sink and the
Soret effect. Hammad et al. [18] examined the influence of heat sources and sinks on the oscillations of
thermal and concentration boundary layers across an inclined plate in a reduced gravitational field. They
noted that an increase in the heat source parameter induces oscillations in heat transfer and enhances
periodicity, while mass transfer improves with an increase in the heat sink parameter under reduced grav-
itational influence. Sankar Goud [19] explored MHD micropolar flow over a stretchable, porous surface,
incorporating the effects of heat generation and variable suction/injection. According to their results a
decline in the heat transfer coefficient with increased heat generation. Chamkha and Issa [20] analyzed
magnetohydrodynamic (MHD) flow involving heat and mass transfer over a flat plate, accounting for heat
generation or absorption and the thermophoretic effect. Their results demonstrated that increasing the
strength of heat sources leads to a notable enhancement in the Stanton number. Mahdy [21] examined
double-diffusive convection around a vertical cone within a porous medium, considering factors such as
variable viscosity, chemical reactions, and heat generation. The study revealed that the Nusselt number
decreases as the chemical reaction rate, Lewis number, or heat generation/absorption increases. Mabood
et al. [22]investigated MHD flow with heat and mass transfer over a non-isothermal stretching sheet
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using the Homotopy Analysis Method (HAM), incorporating effects of heat generation and transpiration.
El-Amin [23]studied micropolar convection near a porous vertical surface subjected to internal heating
and magnetic field influences. Miraj et al. [24,25]examined the combined influence of radiation and
pressure work on convective flow around a sphere with internal heat generation. Their study showed that
higher values of the heat generation parameter lead to increases in both velocity and temperature profiles.
Hussain et al. [26] explored free convective heat transfer over an accelerating plate within a rotating
system, incorporating Hall effects, heat absorption, and chemical reactions. They found that chemical
reactions and rotational effects enhance the primary skin friction, whereas the Hall current, solutal buoy-
ancy force, and medium permeability contribute to its reduction. In contrast, secondary skin friction
rises with the presence of Hall current, rotation, solutal buoyancy force, and medium permeability but
decreases when chemical reactions are considered. Dwivedi and Kumar Singh [27]discussed the impact
of Hall currents on hydromagnetic convective flow occurring between two vertically aligned concentric
cylinders, considering the effects of a heat source or sink. Their results indicated that the presence of a
heat source enhances the heat transfer rate at the inner cylinder while reducing it at the outer cylinder,
whereas the heat sink produces the reverse behavior. Recently, Ramaprasad et al.[28] investigated the
impacts of radiation and chemical reaction on unsteady MHD flow over an accelerated isothermal inclined
plate in a rotating fluid, considering variable mass diffusion. The present study focuses on an unsteady
MHD flow over an accelerated isothermal inclined plate subjected to radiation and first-order chemical
reactions in a rotating fluid. The unsteady nature of the flow is essential because many thermal and
MHD systems experience time-dependent behaviour during start-up, acceleration, or transient heating
conditions. The accelerated isothermal inclined plate models practical surfaces whose velocity varies with
time while being maintained at a constant temperature, capturing realistic convection effects influenced
by inclination and gravity. Although several related investigations exist, the combined influence of Hall
current and heat generation or absorption in such a rotating, reactive, and diffusive environment has not
been thoroughly explored. This study addresses this gap by analysing how Hall current, magnetic field,
rotation, mass diffusion, thermal radiation, and heat generation/absorption modify velocity, temperature,
and concentration distributions. Engineering applications—such as MHD generators, cooling and thermal
management devices, and astrophysical plasma flows—require accurate understanding of these coupled
effects. Numerical evaluations are carried out for a range of Grashof numbers, Hall parameters, heat
generation/absorption rates, porous medium parameters, and Sherwood numbers. Results for the veloc-
ity, temperature, and concentration fields are presented, and the corresponding Nusselt and Sherwood
numbers are computed for selected parameter combinations. The findings are validated by comparison
with the results of [28], confirming the reliability of the developed model.

2. Mathematical Model of the Problem
The following assumptions are used to establish the governing equations:
e Pressure gradient force is neglected.
e An electric field and induced magnetic fields are neglected.
e Viscous dissipation, Darcy dissipation, joule dissipation effects are ignored.
e The flow is driven by buoyancy forces and also motion of the fluid.
e For the porous medium, Darcy brinkman model is considered.
e ¢, is the radiative flux for an optimal thick fluid.
e First order chemical reaction is taken into consideration.

e Consider the flow, which rotates over an accelerated, isothermal inclined plate and is unsteady, free
convective, radiative, and chemically reactive.

e The effects of Hall current and heat generation or absorption are incorporated.
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e The fluid and plate continue to rotate as rigid bodies about the z-axis, with an angular velocity of

Omegaare assumed.

e Bgrepresents the strength of magnetic effects in the normal flow direction, as illustrated in Fig. 1

e Initially, the temperature and concentration are treated asT;,randCj, s, respectively.

e When t* > 0, the plate starts moving with a velocity of u = upt* in its own plane.

e As the time progresses, the plate’s temperature enhances to T,, and the concentration near the
plate C,, also increases linearly. Since the plate extends infinitely along the plane z = 0, all

physical parameters depend only on z* and t*.

Figure 1: Schematic represent of the flow problem.

Equations that administered flow problem [22,23] are as follows: Momentum equations:

Ou %u  oB:(u+mv*) v
— 200" = T-T “(C* - C* -0 - —
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Energy equation:
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Subject to the boundary conditions:

u(z,t) =0, T(z,t) =Ts, C*(z,t)=CxL for t* <0
u(et) = U F(t), T(et) =T+ (T~ TSN, C*(a,t) = O+ (C — Co) a2 =0
u(z,t) =0, T(z,t) > Teo, C*(2,t) = CL as z > oo (5)

The non-dimensional parameters are given by the following expressions:

U v* w2\ M? up\ 1/3 T-T
U=— - V=——_ t=¢ =0 7 — (%0 g— - "
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pr= 12 L C=——= Grzigﬁ( ), sz—gﬁ (CL, ) (6a)
K C{Z - O;o () Uug
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K _K(E)Q/S M= JB§V1/3 On = Qo v /3 G — 9B8(Tw — To) (6b)
rp — l/2 ) - pug/?, ’ H = /)Cp ug ) r = Uo
Using the above quantities, the leading equations given in equs. (1) to (4) reduce to:
ou 02U U+mV) U
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5t V =Gr'cos¢pf + Gmeosp C + 972 ixm?) K, (7)
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The corresponding boundary conditions are:
U(Z,t)=0, 0(Z,t) =0, C(Z,t)=0, fort<O0,
UZ,t)=t, 0(Z,t)=1, C(Z,t) =t, at Z=0, t>0, (11)

U(Z,t) =0, 6(Z,t) =0, C(Z,t) =0, as Z — oo, t > 0.

The free convective flow of a radiative, chemically reactive fluid past an accelerating inclined plate is
governed by the coupled partial differential equations (7) to (10), with the corresponding boundary
conditions specified in equation (11). To address equations (7) and (8), a complex velocity is defined as

q(z,t) = u(z,t) + iv(z,t).

dq 829
£ _ 12
t—Grcos¢9+Gmcos¢C’+ . Agq (12)
Where,
1—wm 1
=M|—— | +— +2iQ 1
A (1 2) : ) (13)

In terms of non-dimensional quantities, the associated initial and boundary conditions are as follows:
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q=0,0=0, C=0, Vz t<O0,
g=t, 0=1, C=t, at 2 =0, t >0, (14)

q—0,0—0 C—0, asz— o0, t>0.

3. Laplace Transformation Method

Using the Laplace transformation approach, the non-dimensional governing equations (9), (10), and
(11) are solved, subject to the associated initial and boundary conditions defined in equation (13). The
expressions for C(z,t), 8(z,t), and ¢(z,t) are given by

C(z,t) = exp(—2V Kr Sc) (t Zr) rfc <zx/7 VK )

2 4/Kr 2Vt 15)

+ exp(zVKr Sc) (2 :\i%) rfc <Z2\/\}S?+\/Krt>
H(Z,t):;{exp(—z Pr) erfc(ﬁ—\/i—i—QHt) .
16

+exp(z Pr) erfc(ZQ\ZT + ”Pi; +QHt> }

Gm cos ¢

G
TCOS¢(_X2+X3+X4_X5)+ (Sc_l)

q(Z,t) =X1+ (

STeose —x6 — - 1
Pr—1) (—x6 —x7+xs8+Xxo+xi0—x11) (17)

Where,

X1 = exp(—=vV/) (; - 4%) erfc(;/i - m) +exp(VN) <; + 4%) erfc<2zﬂ + m)

% [exp(—zﬁ)erfc(z - m) + eXp(Z\F)‘)erfc(z * \/ﬁﬂ

X2
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X6 = 5z [exp sy erfc(\/{t _ m) i eXp(_zmerfc(;ﬁ ; m)}
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at-

X8 = - eXP(*Z\/)\iwLb) erfc(z
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4. Important Quantities

The important quantities, the Nusselt number (Nu) and Sherwood number (Sh), are mathematically
described in non-dimensional form as:

Nu=— (gi)z_oz Werf<\/£+62yt> + \/\/Zexp[— <£+QH> t}

= <882>2_0 - (2\/%)

This study investigates the unsteady MHD-free convective, radiative, chemically reactive fluid flow
over the accelerated isothermal insulated plate embedded porous medium with variable mass diffusion.
The fluid is influenced by Hall current and heat generation and absorption. The next paragraph discusses
the current parameters that have influenced the present investigation. Throughout our discussion of the
results using a graphical view, we have consistently used fixed computational values for significant factors:
For Pr=0.67, R=1,5¢=06,¢=7/6, M =2, Kr=1,m =1, Q=0.5, and ¢t = 0.2. The influence
of mass Grashof number G,,, upon velocity profile has been depicted in Fig. 2.The mass Grashof number
(G,) significantly impacts the velocity profile through buoyancy forces. When G,,, > 0, the plate cools,
causing the fluid near it to become denser, which drives the flow upward and enhances the velocity
profile. Conversely, when G,, < 0,,the heat from the plate causes the fluid around it to become less
dense. As a result, buoyancy forces act downward, resisting fluid motion and causing the velocity profile
to decrease and decay more rapidly. The Fig. 3 depicts the variation in velocity profile in response to a
change in thermal Grashof number Gr. Positive Gr values indicate plate cooling, which leads to upward
buoyancy forces and a higher velocity profile. As Gr increases, the buoyant forces become stronger, and
the fluid rises more rapidly. In contrast, negative Grashof numbers signify heating, leading to downward
buoyancy forces that produce a negative velocity profile. As Grbecomes more negative, the downward
flow intensifies. The influence of the permeability parameter, /K, on the thermal profile is depicted in
Fig. 4. When the permeability of the porous medium is greater, it leads to a reduction in the velocity
profile due to increased flow resistance. A higher porous medium parameter reflects a less permeable
structure, which impedes the movement of the fluid and thus slows the flow. In Fig. 5, the effect of the
Hall parameter, m, on the velocity profile (¢) is shown. As the Hall parameter grows, so does the fluid’s
velocity, because the intensified magnetic field strengthens the Hall effect, with Lorentz forces acting on
charged particles and boosting the voltage within the flow as velocity increases.

ert (V) + tVErSe erf (VETT) + % (“f;) exmm)]

4. Result and Discussion
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Figure 2: Impact of mass Grashof number G,,, upon velocity profile ¢(£).

Figure 3: Impact of thermal Grashof number G; upon velocity profile ¢(£).

Figure 4: Impact of porosity parameter K upon velocity profile g(§).
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Figure 5: Impact of Hall parameter m upon velocity profile ¢(&).

Fig. 6 illustrates the variation in temperature profile due to changes in Prandtl number for the
given flow situation. As the Prandtl number(Pr) increases, the fluid become high viscous and hence
leads to decrease the temperature. We observed a decrease in the temperature profile as the Prandtl
number (Pr = 0.7tol0)increased. Fig. 7 illustrates the influence of the heat generation or absorption
parameter@y on temperature profiles. We observe that the presence of heat generation and absorption
significantly influences the temperature profile. Here it is noticed that with increasing the heat generation,
the thermal profile also increases due to additional thermal energy being added to the fluid, whereas a
heat sink diminishes the fluid’s temperature due to absorbing heat and cooling the fluid. Fig.8 explores
the influence of the thermal radiation parameter(R) on the temperature distribution 6 along the spatial
direction z. As the value of increases, the temperature decreases more rapidly with distance from the
boundary. This is due to the fact that higher thermal radiation enhances the energy loss from the system,
allowing heat to dissipate more quickly. Consequently, greater radiative effects result in a steeper decline
in temperature. This behavior highlights the significant role of radiation in accelerating heat transfer,
especially in environments where radiative heat flux becomes dominant over conduction or convection.

25 3

Figure 6: Impact of mass Prandtl number Pr upon temperature profile ¢(¢).
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Figure 7: Impact of heat source/sink parameter Qg upon temperature profile 6.
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Figure 8: Impact of radiation parameter R upon temperature profile 6.

Fig. 9 depicts the influence of the Schmidt number Sc on the concentration distribution C'(z). An
increase in Sc results in a steeper decline in concentration, reflecting a thinner concentration boundary
layer.This behaviour arises because higher Sc corresponds to reduced mass diffusivity within the fluid.
Consequently, species diffusion becomes weaker, causing concentration to diminish rapidly away from the
wall. Fig. 10represents the variation of concentration subject to change in time. As time in progress,
mass diffusion tends to spread the species throughout the fluid, which leads to gradual decrease the
concentration of the fluid. It is observed that the wall concentration decreases with time.

Figure 9: Impact of Schmidt number Sc upon concentration profile C'.
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Figure 10: Impact of time ¢ upon concentration profile C.

The 3D figures plotted to analyze the nature of heat and mass transfer for the parameters Qg, R,
K,, and Sc are presented in Figs. 11 and 12. The Nusselt number increases with higher heat gener-
ation/absorption parameters and thermal radiation. A heat sink absorbs heat from the fluid, promot-
ing effective cooling and reducing temperature gradients, which in turn enhances the Nusselt number.
Likewise, stronger radiation further contributes to heat transport, leading to an additional rise in Nu.
Increasing the values of K, and Sc results in an increase in the Sherwood number (Sh), thereby improv-
ing mass transfer rates in the system. Figs. 13 and 14 provide a comparison of the present velocity and

temperature profiles with those reported by Ramaprasad et al. [28].
1

08
0.6
V - 04

0.4 o ; 5 3

0 0
OH R

Figure 11: Variation of Nusselt number (Nu) against Qg and R.

Figure 12: Variation of Sherwood number (Sh) against Kr and Sc.
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Figure 13: Comparison of velocity profiles with Ramprasad et al. [28]
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Figure 14: Comparison of temperature with Ramprasad et al. [28]

Table 1: Nusselt number and Sherwood number for distinct (R, QH) and (Kr, Sc) respec-

tively.

R QH Nusselt Number Kr Sc Sherwood Number
-0.2 0.38533 0.2 0.32178
1 0.0 0.42329 1 0.4 0.58162
0.2 0.46105 0.6 0.83126
-0.2 0.59920 0.2 0.23161
2 0.0 0.63723 2 0.4 0.40497
0.2 0.67512 0.6 0.56875
—-0.2 0.81392 0.2 0.18829
3 0.0 0.85174 3 0.4 0.32163
0.2 0.88943 0.6 0.44593

In the absence of the Hall effect, heat generation, and absorption, our results for both velocity and
temperature profiles overlap with those obtained by Ramprasad. Further, Table 1 shows the computa-
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tional values of Nusselt number (Nu)and Sherwood number(Sh)

for both R — Qg and Kr — Sc cases in the presence of distinct dimensionless constraints. The
tabulated outcome shows that as @y increases from —0.2 to 0.2, the Nusselt number rises, showing more
efficient heat dissipation. Also, Sh increases with increasing values of Kr and Sc due to enhanced mass
transfer rates. Higher Kr and Sc values lead to faster species diffusion, improving mass transfer across
the boundary layer.

5. Conclusion

This study examines the influence of Hall currents along with heat generation and absorption on free
convection, radiation, and chemically reactive flow through a porous medium over an inclined plate in a
rotating fluid environment. The key findings are summarized as follows.

e Increasing values of Gm and Gr, where both are positive, lead to enhancing the velocity profile.
e Reduced values of Gm and Gr, where both are negative, result in enhanced velocity profiles.
e The velocity profile enhances with higher effects of K and m.

e The temperature profile declines with increasing Prandtl numbers and heat absorption parameters,
whereas it increases in the presence of heat generation.

e Increasing the thermal radiation R and @ g enhances the heat transfer rate. In general, the radiation
parameter and heat generation augment the thermal conductivity; as a sequence, the heat transfer
advances.

e For increasing the chemical reaction Kr and Sc, the concentration rate enhanced. In general, the
chemical reaction augments species diffusion; as a sequence, the mass diffusion improves.

e The findings of this study have implications in a wide range of applications, from astrophysics and
fusion reactors to spacecraft and industrial processes.
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HALL CURRENT AND HEAT GENERATION IMPACTS ON FREE CONVECTIVE, RADIATIVE...

Nomenclature:

A constant

By strength of the magnetic field (T)

C Non-dimensional concentration

(O species concentration in the fluid (kg/m3)
Cp specific heat at a constant pressure (J/(kg-K))
cs wall concentration (kg/m?)

D mass diffusion coefficient (m?/s)

erf Error function

erfc Complementary error function

g acceleration due to gravity (m/s?)

Gy thermal Grashof number

Gm mass Grashof number

K* permeability of the porous medium (m?)
K Porosity parameter

Kr chemical reaction parameter

Nu Nusselt number

m Hall parameter

QH Heat generation or absorption parameter (W/m?)
R thermal radiation number

t* Time (s)

Sc Schmidt number

Sh Sherwood number

uo velocity of plate (m/s)

x spatial coordinate along the plate (m)

z coordinate axis normal to the plate (m)

Greek symbols

k Thermal conductivity (W/(m-K))
o Electrical conductivity (S/m)
1) Inclined parameter (degree)
0 Dimensionless fluid temperature
B Coefficient of volume expansion of heat transfer (1/K)
B8* Coefficient of volume expansion of mass transfer (1/K)
Q Rotation parameter
Viscosity of fluid (Pa-s)
v Kinematic viscosity (m?/s)
p Density of the fluid (kg/m?)
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