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Abstract

This research paper presents a novel mathematical model aimed at exploring
practical applications in oscillating MHD generators and near-wall flows using
Casson fluid. The purpose of this study is to develop a mathematical model
that specifically addresses MHD free convective thermo-solutal transport within
Casson fluid flow over a rotating vertical wall into a permeable medium. This
research also considers factors like the Soret effect, radiative heat flux, first-order
chemical reactions, and heat source/sink effects. To tackle this complex scenario,
we apply the Laplace transform technique (LTT) to handle the transformed
partial differential equations and their accompanying boundary conditions. The
study investigated both ramped and isothermal wall temperature conditions and
evaluated the influence of various parameters, including the Soret number, Hall
current parameter, ramped wall temperature, and magnetic body force param-
eter. The computational analysis is carried out using MATLAB software. The
research involves a comprehensive parametric analysis that thoroughly examines
the impact of key emerging parameters on generalized velocity, temperature, and
species concentration. The results reveal that magnetic, Casson, and rotating
parameters all have a diminishing impact on the velocity profiles. The radiation
parameter has a positive impact on temperature distribution, while an oppo-
site trend is observed for the Prandtl number. Furthermore, an increase in the
Soret number and chemical reaction parameter leads to a decrease in species con-
centration and solutal boundary layer thickness. The validation process includes
comparisons with previous studies. Additionally, this study presents distributions
of skin friction, Nusselt number, and Sherwood number. Notably, our findings
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reveal that a ramped wall temperature results in lower velocity magnitudes
compared to the isothermal wall case.

Keywords: MHD generators, Oscillating flows, Hall current, Casson fluid flow, Soret
effect, Laplace Transform approach,

1 Introduction

In fluid dynamics and heat transfer studies, the choice of boundary conditions sig-
nificantly influences the behavior and characteristics of the flow and temperature
distribution within a system. Two commonly encountered boundary conditions in
thermal analysis are ramped wall temperature and isothermal temperature. These
boundary conditions play a crucial role in various engineering and scientific appli-
cations, affecting processes such as heat transfer, fluid flow, and thermal stability.
Ramped wall temperature refers to a boundary condition where the temperature at
the wall changes gradually over time. This gradual temperature change can arise due
to external factors such as heating or cooling mechanisms, or as a result of inter-
nal processes within the system. Ramped wall temperature conditions are prevalent
in scenarios where the system undergoes transient thermal behavior, such as during
startup or shutdown processes, or when subjected to time-varying thermal inputs.
Sethy et al.[1] analyzed the behavior of Casson hybrid nanofluids in various flow con-
figurations, Mohanty et al.[2] considered factors such as permeability, Debashis et al.
[3] investigated interfacial nanolayer thickness, slip velocities, and thermal effects like
Joule heating and nonlinear radiation. The analyses aim to understand thermal con-
trol, irreversibility, and flow characteristics in complex fluid dynamics scenarios.
Casson fluid is a non-Newtonian fluid model that describes the rheological behavior
of certain fluids, particularly those with yield stress. It was named after the British
rheologist Ralph A. H. Casson, who introduced the model in 1950. Unlike Newtonian
fluids, which exhibit linear stress-strain behavior, Casson fluids exhibit a nonlinear
relationship between shear stress and shear rate. The Casson fluid model is character-
ized by two parameters: the yield stress (τ0) and the Casson viscosity (µC).
The yield stress represents the minimum stress required to initiate flow, while the
Casson viscosity denotes the apparent viscosity of the fluid at low shear rates. Ali et
al. [4] examined the yield stress, Casson fluid behaves as a solid, exhibiting no flow.
[5] analysed the yield stress, the fluid undergoes shear thinning behavior, with vis-
cosity decreasing as the shear rate increases. Oyelakini et al. [6] investigated thermal
and irreversibility aspects of unsteady hybrid nanofluid flow over a spinning sphere
with Cattaneo-Christov heat flux and interfacial nanolayer mechanism. Additionally,
Mohanty et al. [7] analyzed the irreversibility of unsteady micropolar CNT-blood
nanofluid flow through a squeezing channel, with implications for drug delivery,
Naresh et al. [8] elucidated fluid dynamics and thermal behaviors in nanofluidic sys-
tems. [9, 10] analysed interparticle spacing and nanoparticle radius on the radiative
alumina-based nanofluid flow subject to irregular heat source/sink over a spinning
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disk. [11–13] examined thermal convection in rotating ferromagnetic liquid, incorporat-
ing thermorheological and magnetorheological effects. It also investigates the impacts
of nanoparticle aggregation and thermophoretic particle deposition on nanofluid flow
over a Riga wedge, offering mathematical insights into complex fluid dynamics phe-
nomena. Ali et al. [14] examined the mixed convective flow of hybrid nanofluid over a
heated stretching disk with zero-mass flux using the modified Buongiorno model.
The analysis of magnetohydrodynamic (MHD) viscous flows holds significant impor-
tance in modern industrial systems Muller and Buhler[15], involving the interaction of
magnetic fields with electrically conducting fluids Sivaraj[16]. This has led to various
applications Ho[17], such as hydromagnetic pumps in nuclear engineering Homsy et
al.[18], actuation systems in magneto-chemistry West et al.[19], and purification opera-
tions in metallurgy Moffatt et al.[20]. Additionally, the growing demand for renewable
energy systems in the 21st century has sparked interest in MHD energy generators,
including innovative designs like liquid metal ocean wave systems Zhao et al.[21], gal-
lium hybrid generators Niu et al. [22], bioinspired space pumps Akbar et al.[23], and
nanoengineering solar MHD pumps Prakash[24]. Mathematical models play a crucial
role in optimizing these designs and characterizing system performance Cramer[25],
driving significant interest in theoretical and numerical simulations of MHD energy
generators. Particularly in the near-wall zone of MHD generators, boundary layer
models are valuable for assessing transport characteristics. In Hall MHD generators, a
cross-flow is induced, and when the system rotates, Coriolis effects must be considered.
Several researchers have explored the influence of Hall currents on transport charac-
teristics, such as the work by Seddeek on non-Newtonian transport [26] and Bég on
micropolar thermo-fluid transport [27]. They observed that primary flow is assisted
near the wall with increasing Hall parameter whereas it is impeded further from the
wall. They also showed that temperature and thermal boundary layer thickness are
decreasing with increasing Hall current.
Bhatti et al. [28] studied wall slip, radiative heat flux, and cross-diffusion effects on fer-
ric oxide (Fe3O4−water). [29–32] analyzed thermal radiation efficiency using advanced
nanocomposite flow on a Riga plate, while employing numerical and intelligent neuro-
computational modelling with Fourier’s energy and Fick’s mass flux theory for 3D
fluid flow through a stretchable surface. Gomathy and Kumar [33] analogous effect
of concentration gradients influencing the energy flux and the temperature field as
the Dufour effect (diffuso-thermal effect). Postelnicu [34] examined the hydromagnetic
free convection heat and mass transfer in a porous medium with Soret and Dufour
effects. He noted that with increasing Soret number, the mass transfer rate to the wall
(Sherwood number) is decreased. Makinde [35] analyzed the mixed convective MHD
flow in porous media with cross-diffusion effects. He observed that local skin friction is
boosted by the Soret and Dufour effects whereas the Dufour number weakly enhances
concentration and species boundary layer thickness but reduces Sherwood number.
[36, 39] developed the artificial neural network approach to predict thermal transport
of nanofluids inside a porous enclosure. Further studies of magnetohydrodynamic con-
vection with Soret and/or Dufour effects have been communicated by Sheri et al. [40],
and Bég et al. [41].
One vital concern in MHD generator operation is the control of corrosion effects on
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electrode walls, as significant corrosion can reduce efficiency and electrode lifetimes
Koester and Perkins[42]. The inclusion of chemical reactions in mathematical models
has garnered significant interest, in the study of both homogeneous and heteroge-
neous reactions. For instance, Abdallah [43] examined the collective effects of Hall
current, chemical reactions, and cross diffusion on thermo-solutal transport. Makinde
and Olanrewaju [44] employed an nth-order Arrhenius irreversible chemical reaction
model to simulate mixed convection. Kandasamy et al. [45] used Gill’s decomposition
method to study reactive thermo-solutal magneto-convective boundary layer flow.
Inspection of the literature has revealed that currently the collective effects of heat gen-
eration/absorption, Hall current, rotations, oscillating wall effects and non-Newtonian
working fluids have not been addressed in the literature. Previous models have consid-
ered only aspects of these phenomena e.g. heat source/sink Seth et al.[46], Hall current
and rotationSeth et al. [47] and oscillating effects kataria et al.[48]. Furthermore, the
emergence of novel electroconductive polymeric fluent media (magneto-rheological flu-
ids) Mantripragada et al.[49] has opened up a new era in MHD generator system
design wherein smart features can now be embedded into functionality of the working
fluid. With resspect to this development, the current study also implements a vis-
coplastic Casson model for the working fluid [50–52]. Additionally, oscillation effects
of the generator wall are considered since these have been shown to provide an excel-
lent advantage in actual power generation applications using pulsation [53, 54].
The literature review reveals a gap in addressing the collective effects of heat gener-
ation/absorption, Hall current, rotation, oscillating wall effects, and non-Newtonian
working fluids. Previous models have considered aspects of these phenomena sepa-
rately. Furthermore, the emergence of electro-conductive polymeric fluid media has
opened up new possibilities in MHD generator system design. The current study aims
to fill this gap by amalgamating multiple effects considered separately in existing mod-
els to create a comprehensive multi-physical model of rotating, oscillating wall, Hall
current MHD generator flow dynamics[55–58]. This model encompasses heat and mass
transfer, Soret cross diffusion, radiative flux, porous media, and ramped wall temper-
ature physics Nandkeoiyar et al.[59]. The Darcy model is used for porosity drag force,
approximating filtration materials in hybrid MHD generators Ghosh et al.[60]. The
governing equations are converted into a system of ordinary differential equations and
solved using the Laplace transform technique. MATLAB is employed for numerical
evaluation and validation against previous studies.

2 Mathematical Formulation

The unsteady MHD free thermo-solutal convective flow of an electrically convective,
incompressible, viscoplastic fluid from a vertical oscillating rotating plate in an MHD
generator configuration was considered. A chemical reaction is assumed to occur. The
fluid is optically thin and a unidirectional radiative flux (qr) is present transverse to
the wall. Heat absorption/generation is also assumed to occur. Thermo-diffusive flux
is also present (Soret effect) in which temperature gradients influence the concentra-
tion field. Assuming Hall currents are present, the generalized Ohm’s law may be
stated in the following form,

4



Fig. 1 Rotating hydromagnetic non-Newtonian oscillating plate in porous mediumon on the left
(3-D rendition of rotating MHD generator), right- oscillating wall model

J =
σ

1 +m2
(E + V ×B − 1

σne
×B) (1)

The constitutive equation for the Casson fluid can be written as,

τij =

{
2(µβ + py

2
√
π
)eij , π > πe

2(µβ + py
2
√
πe

)eij , π < πe

(2)

The coordinate system is shown in Fig.(1). The plate lies in the XZ plane with
the Y -axis normal to it. The fluid and oscillating wall (plate) spin in unison in the
counterclockwise direction with angular velocity Ω about the Y-axis. At t∗ ≤ 0, the
fluid and the plate are both at rest at T∞ and C∞. At time t∗ > 0, the wall temperature

is modified to T∞ + (Tw − T∞)
t∗
t0 when t∗ ≤ t0 and constant temperature is sustained

of Tw when t∗ > t0. Also, the surface concentration of reactive species is increased

to C∞ + (Cw − C∞)
t∗
t0 , when t∗ ≤ t0 and constant concentration is present(Cw)

when t∗ ≥ t0. For the concentration equation, the Soret effect is taken into account.
According to the above assumptions the boundary layer equation extending the model
in Patel[51] is as follows:

∂U

∂Y
= 0 (3)

∂U

∂t∗
+2ΩW = µβ

(
1 +

1

γ

)
∂2U

∂Y 2
− σB2

0

(1 +m2)
(U+mW )+gρβT (T−T∞)+gρβC(C−C∞)−µβU

k
,

(4)

5



∂W

∂t∗
− 2ΩU = µβ

(
1 +

1

γ

)
∂2W

∂Y 2
+

σB2
0

(1 +m2)
(W −mU)− µβU

k
, (5)

∂T

∂t∗
=

k

ρCp

∂2T

∂Y 2
+

Q0

ρCp
(T − T∞)− 1

ρCp

∂qr
∂Y

, (6)

∂C

∂t∗
= DM

∂2C

∂Y 2
− k2(C − C∞) +

DMKT

TM

∂2T

∂Y 2
. (7)

The imposed spatial and temporal boundary conditions are as follows:

U = 0, W = 0, T = T∞, C = C∞, as Y ≥ 0 and t∗ ≤ 0,

U = U0cosωt
∗,W = 0, T =

{
T∞ + (Tw − T∞) t

∗

t0
, 0 < t∗ < t0

Tw , t∗ ≥ t0,

C = C∞ + (Cw − C∞)
t∗

t0
, at Y = 0 and t∗ ≥ 0,

U → 0, T → T∞, C → C∞ as Y → ∞ and t∗ ≥ 0.

(8)

The radiative heat flux is given by the algebraic Rosseland diffusion approximation:

qr = −4σ∗

3k∗
∂T 4

∂y
, (9)

By applying the Taylor series expansion to T∞ and neglecting higher-order terms we
have:

T 4 = 4T 3
∞T − 3T 4

∞, (10)

The radiative flux term therefore becomes:

∂qr
∂Y

=
16σ∗T 3

∞
3k∗

∂2T

∂Y 2
. (11)

We define the following nondimensional quantities:

u =
U

U0
, w =

W

U0
, y =

Y U0

ν
, t =

t∗U2
0

ν
, θ =

T − T∞

Tw − T∞
, ϕ =

C − C∞

Cw − C∞
,K =

Ωv

U2
0

,

Gr =
γgβT (T − T∞)

U3
0

,M2 =
σB2

0v

ρU2
0

, Gm =
γgβC(C − C∞)

U3
0

,K2 =
γk2
U2
0

, Rd =
16a∗σ∗γT∞

U2
0 ρCp

,

K1 =
kU2

0

ν2
, Q =

Q0v

U2
0 ρCp

, P r =
ρνCp

k
, Sc =

ν

Dm
, So =

DMKT

TMν

(Tw − T∞)

(Cw − C∞)
.

(12)
By substituting Eqn.(12) into (4)-(7) with the modified expression for radiative flux
from (11), the following system of dimensionless conservation equations is obtained:
Primary momentum (x)

∂u

∂t
+ 2K2w =

(
1 +

1

γ

)
∂2u

∂y2
− M2

(1 +m2)
(u+mu) +Grθ +Gmϕ− u

K1
, (13)
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Secondary momentum (z)

∂w

∂t
− 2K2u =

(
1 +

1

γ

)
∂2w

∂y2
+

M2

(1 +m2)
(w −mu)− w

K1
, (14)

Energy Equation:

∂θ

∂t
=

1

Pr

∂2θ

∂y2
+

(
Q− Rd

Pr

)
θ, (15)

Species Concentration Equation:

∂ϕ

∂t
=

1

Sc

∂2ϕ

∂y2
+ So

∂2θ

∂y2
−K2ϕ. (16)

The associated boundary conditions (8) assume the following form:

u = w = θ = ϕ = 0, if y ≥ 0, t ≤ 0,

u = cos(ωt), w = 0, θ =
{
t, 0 < t ≤ 1, t > 0

}
= tH(t)− (t− 1)H(t− 1),

ϕ = t, at y = 0, t > 0,

u, w, θ, ϕ → 0, at y → ∞, t > 0.

(17)

By virtue of complex variables, the primary (u) and secondary (w) velocity components
can be homogenized into a single velocity function, F = u + iw. Introducing this in
the momenta Eqns. (13)-(14), we obtain the contracted version:

∂F

∂t
+

(
M2(1− im)

1 +m2
+

1

K1
− 2ik2

)
F =

(
1 +

1

γ

)
∂2F

∂y2
+Grθ +Gmϕ (18)

The boundary conditions (17) now emerge as:

F = 0, θ = 0, ϕ = 0 if y ≥ 0, t ≤ 0,

F = cos(ωt), θ =

{
t, 0 < t ≤ 1
1, t > 0

}
= tH(t)− (t− 1)H(t− 1), ϕ = t, at y = 0, t > 0,

F, θ, ϕ → 0, at y → ∞, t > 0. (19)

3 Method of Solution

Eqns. (18), (15), (16) with conditions (19) are solved analytically by the Laplace trans-
form technique. The exact solutions for F (y, t),θ(y, t) and ϕ(y, t) emerge as follows:
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θ(y, t) = (1− e−s) 12exp(y
√

Pr(Rd+Q)erfc

(
y
2

√
Pr√
t
+
√

Pr(Rd+Q)t
Pr

)

+
1

2
exp(−y

√
Pr(Rd+Q)erfc

(
y

2

√
Pr√
t

−
√

Pr(Rd+Q)t

Pr

)
, (20)

ϕ(y, t) = 1
2exp(y

√
K2Scerfc

(
y
2

√
Sc√
t
+

√
K2t

)

+
1

2
exp(−y

√
K2Scerfc

(
y

2

√
Sc√
t

+
√

K2t

)
, (21)

F (y, t) = 1
2f1(y, t) +

1
2f2(y, t) + a31f8(y, t) + a32f9(y, t) + a33f10(y, t)

+ a30f11(y, t) + (a18 + a19)f12(y, t) + (a22 − a25 − a26)f13(y, t)− a29f5(y, t)
+ (a18 + a19)f16(y, t) −a30f5(y, t) + g3(y, t)− g3(y, t− 1)H(t− 1) + g4(y, t)
+g4(y, t− 1)H(t− 1)− (a18 − a15)f2(y, t)− (a21 + a23 + a28)f4(y, t)

+a19f16(y, t)− (a22 + a25 + a26)f17(y, t)− a27f6(y, t). (22)

Here all algebraic functions a1, b1, c1, d1, etc are defined in the Appendix.

3.1 Solution to the Problem for Isothermal Temperature

To understand the effects of the ramped temperature of the plate on the fluid flow,
we must compare our results with constant temperature. In this case, the initial and
boundary conditions are used. The special case of an isothermal plate is retrieved
when we set θ = 1 at y = 0 and t ≥ 0. For this case we have:

θ(y, t) = f4(y, t)− f4(y, t− 1)H(t− 1),
(23)

ϕ(y, t) = a5f6(y, t)−a5(f4(y, t)+f4(y, t−1)H(t−1)), (24)

F (y, t) =
1

2
f1(y, t)+

1

2
f2(y, t)−a29f4(y, t)+a18f4(y, t)+a29f6(y, t)+a18f6(y, t). (25)

4 Wall Gradient Characteristics

In an MHD energy generator near wall flows, the key characteristics for designers are
the wall shear stress, heat transfer rate (Nusselt number) and wall mass transfer rate
(Sherwood number). These are evaluated using Eqns. (23)-(25). The dimensional wall
shear stress (skin friction) takes the form:

τcos(y, t) = −µβ

(
1 +

1

γ

)(
∂u

∂y

)
y=0

, (26)
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Table 1 Comparison study of f ′′(0), when So = Q = Rd = 0 for various values of γ,K,M ,K1

γ K M K1 Patel[51] Present Study R-K method
Ramped Isothermal Ramped Isothermal Ramped Isothermal

0.1 0.2 0.1 1 -0.4813 -0.4779 -0.4902 -0.4801 -0.4809 -0.4724
0.15 0.2 0.1 1 -0.3481 -0.4018 -0.3625 -0.4112 -0.3584 -0.4051
0.1 0.3 0.1 1 -0.5503 -0.4807 -0.5701 -0.4890 -0.5817 -0.4635
0.1 0.4 0.1 1 -0.6194 -0.4834 -0.6207 -0.4841 -0.6156 -0.4608
0.1 0.2 0.3 1 -0.4475 -0.4502 -0.4561 -0.4590 -0.4649 -0.4651
0.1 0.2 0.4 1 -0.5284 -0.5165 -0.5310 -0.5215 -0.5313 -0.5247
0.1 0.2 0.1 1.1 -0.5891 -0.5765 -0.5902 -0.5811 -0.5919 -0.5813
0.1 0.2 0.1 1.2 -0.6966 -0.6735 -0.7051 -0.6881 -0.6907 -0.6802

The nondimensional skin friction by virtue of Eqn.(23) emerges for the isothermal case
as:

τcos(y, t) =
1

2
f1(t+

1

2
f2(t)− a29f4(t))− a18f4(t) + a29f6(t) + a18f6(t), (27)

The Nusselt number can be defined as:

Nu(y, t) = −Rd

(
∂T

∂y

)
y=0

, (28)

For the ramped temperature case, the appropriate expression using Eqn. (23) is:

Nu(y, t) = −(f5(t)− f5(t− 1)H(t− 1)), (29)

For the isothermal wall case, we have:

Nu(y, t) = −(f4(t)), (30)

The Sherwood number can be defined as:

Sh(y, t) = −
(
∂C

∂y

)
y=0

, (31)

For the isothermal case we have:

Sh(y, t) = a5f6(t)− a5(f4(t) + f4(t− 1) +H(t− 1)). (32)

5 Results and Discussion

In this research, we have successfully obtained exact solutions for oscillating Magneto-
hydrodynamic (MHD) Casson transport from a vertical plate next to a Darcian porous
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Table 2 Variations study of the Skin friction for various values of t, ν and K1

t ν K1 Skin friction
Ramped Isothermal

0.4 0.1 1.5 -3.6675 -5.9465
0.5 0.1 1.5 -2.7520 -5.60734
0.4 0.2 1.5 -2.5823 -4.3865
0.4 0.3 1.5 -2.1426 -3.7276
0.4 0.1 1.6 -1.7803 -3.5651
0.4 0.1 1.7 -1.7195 -3.6405

Table 3 Variations of the Nusselt number for various values of t and Q

t Q Nu

0.4 0.7 0.25508
0.4 0.8 0.27946
0.5 0.5 0.25609
0.6 0.5 0.30149

Table 4 Variations of the Sherwood number for various values of t and K2

t K2 Sh

0.4 1.1 0.16614
0.4 1.2 0.17487
0.6 1 0.23987
0.7 1 0.28297

medium. This study revealed various significant effects, such as chemical reactions,
heat source/sink, ramped wall temperature, and Soret effects. To perform numerical
evaluations, we utilized MATLAB symbolic software. Our choice of parameters, includ-
ing Grashof number (Gr), time (t), Prandtl number (Pr), Reynolds number (Re), heat
generation parameter (Q), Schmidt number and Soret effects (Sc and So), magnetic
field (M), Casson viscoplastic parameter (γ), and rotational parameter, aligns with
real-world rotating MHD operation devices, as documented in references[53, 54]. To
obtain representative plots for actual working fluids, a default value of the Pr is taken
as 0.71 (air), and Sc is selected as 0.6. This section presents a detailed examination
of the physical behavior of various factors, changing only one variable whose influence
is being researched while keeping the other parameters constant, such as Pr = 0.7;
M = 0.1; K = 0.5; K1 = 2; So = 0.2; Q = 0.5; w = 0.3; γ = 0.2; Gr = 0.3; m = 2;
Rd = 0.5; K2 = 1; Sc = 0.2; t = 1. The results are presented in Tables 1, which
provide valuable comparisons. Notably, the skin friction is consistently higher for the
ramped wall temperature case compared to the isothermal case are shown Table 1.
Table 2-4 shows that variation of skin frction, the rate of heat and mass transfer. By
increasing the heat source parameter from 0.7 to 0.8 increases the heat transfer rate
by 9.5% and increasing the chemical reaction parameter from 1.1 to 1.2 increases the
mass transfer rate by 5.2%. The flow characteristics are further illustrated in Figures
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(2)(a-e). In Fig.(2)(a), we observe the evolution of the velocity with transverse coordi-
nates under various parameters. An increase in the magnetic field (M) evidently leads
to a decrease in velocity function (F). Compared with the isothermal case, ramped
wall temperature case achieves lower velocity magnitudes, suggesting improved flow
control with a constant temperature along the oscillating plate. An increase in the
magnetic field strength enhances the magnetic forces acting on the fluid, which can
suppress fluid motion and momentum. This effect is particularly pronounced in MHD
flows, where the Lorentz force induced by the magnetic field interacts with the fluid
velocity, leading to a reduction in flow velocities. Fig.(2)(b) illustrates that incrase in
the Hall parameter has the oppsite effect on the magnetic body force parameter, m.
The homogenized velocity is increased strongly. The overall effect is therefore accel-
eration, and a thinner momentum boundary layer thickness will be produced. The
Hall current can therefore achieve a compensatory role in MHD generator operations
and the complex flow field can be manipulated very effectively. It is noteworthy that
with variation in Hall parameter however, there is no tangible deviation between the
ramped and isothermal plate cases. In both cases the behaviour of velocity at the wall
is the same, unlike in the case of magnetic parameter variation, m. Fig.(2)(c) reveals
that with greater values of Casson viscoplastic parameter, γ, there is a significant
deceleration in the flow. Larger values of this parameter inhibit momentum develop-
ment since the magnetic non-Newtonian fluid requires greater shear for mobilization.
The isothermal plate case again achieves higher magnitudes of velocity. Casson fluids
generally offer more resistance to deformation compared to Newtonian fluids. As vis-
cosity increases, the fluid becomes more resistant to flow and deformation, resulting in
lower velocities under similar flow conditions. Fig.(2)(d) shows that with greater val-
ues of the rotational parameter, K, there is a decrease in linear velocity in the regime.
The supplementary angular momentum swamps the development of primary (and sec-
ondary) momentum with greater rotational velocity. This leads to strong deceleration
and a thicker momentum (hydrodynamic) boundary layer thickness. Fig.(2)(e) indi-
cates that with greater values of the permeability parameter, K1, there is a strong
escalation in velocity. Increased permeability allows fluid particles to move more eas-
ily through the porous medium. This enhanced mobility enables the fluid to traverse
the medium more quickly, leading to higher velocities.
In Fig.(3)(a) a substantial decrease in temperature is produced with greater Prandtl
number. This phenomenon is often observed in situations involving low Pr fluids, like
air, when it flows over a hot or cold surface. The temperature gradient near the sur-
face is pronounced, and the temperature decreases rapidly away from the surface due
to the efficient conduction of heat. The isothermal case produces temperatures which
supercede the ramped wall temperature case, notably at the wall. Fig.(3)(b) demon-
strates that with a stronger heat source (generation) there is a noticeable increase in
temperatures. The supplementary thermal energy clearly encourages enhanced ther-
mal diffusion in the boundary layer. Much lower magnitudes of temperature are
obtained for the ramped wall case indicating that this appraoch is preferable for cool-
ing the regime. Heating of the regime is achieved with the isothermal case, again
most prominently at the oscillating wall. Fig.(3)(c) shows that an increase in radiative
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Fig. 2 Velocity profiles for f versus y, (a) Magnetic field, (b) Hall current parameter, (c) Casson
fluid, (d) Rotating parameter, (e) Permeability parameter.12
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Fig. 3 Temperature profiles for θ versus y, (a) Prandtl number, (b) heat source/sink, (c) radiation
parameter, (d) time.

parameter, Rd, induces a strong heating effect in the regime. The magnetic Cas-
son fluid is energized by stronger radiative flux. Thermal boundary layer thickness is
increased. If the radiative flux effect is neglected temperatures will be under-predicted.
The ramped wall case attains much lower temperatures relative to the isothermal
case. The implication is that undesirable high temperatures induced by radiative flux
may be controlled via ramping of the heat condition imposed at the oscillating wall.
Fig.(3)(d) shows that very strong reduction in temperature is present at low times;
as time progresses thermal diffusion is enabled and temperatures are able to ascend
significantly in the boundary layer transverse to the oscillating plate. Temperature
gradient at the wall is also significantly reduced with progression in time and the tem-
perature plots morph from sharp descents to monotonic decays in the free stream.
Significantly lower temperatures again correspond to the ramped wall case relative to
the isothermal case.
Fig.(4)(a) shows that with increasing in Soret number, So, there is a considerable
reduction in concentration magnitudes. In all cases asymptotically smooth profiles
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are achieved from the oscillating wall (y = 0) to the free stream i. e. edge of the
boundary layer. The concentration flux is inhibited by temperature gradient due to

Soret thermo-diffusion (in the concentration equation i. e. the term So ∂2θ
∂y2 ), and this

reduces the species concentration boundary layer thickness. Fig.(4)(b) shows that with
stronger first order destructive chemical reaction parameter,K2, there is a noticeable
reduction in species concentration. The greater intensity of chemical reaction con-
verts more of the original species into a new species, which leads to a depletion in
the original species concentration. Concentration boundary layer thickness will also
be suppressed. Fig.(4)(c) reveals that with increment in Schmidt number the con-
centration magnitudes are also depleted strongly.this phenomenon is often observed
in situations involving low Schmidt number fluids, like water (Sc is low for dissolved
gases in water), when it flows over a surface that introduces or removes a solute. The
concentration gradient near the surface is not as pronounced, and the concentration
decreases more slowly away from the surface due to the inefficient mass diffusion.
Fig.(4)(d) it is evident that with progression in time, species concentration is signifi-
cantly enhanced throughout the boundary layer regime. Concentrations are always a
maximum at the wall and decay to zero in the free stream. With increment in time,
the concentration gradient is also boosted at the wall. Species boundary layer thick-
ness grows with time in the regime. Figs.(5)-(6) shows the impact of streamlines when
γ = 0.5, 0.7, K = 1.0, 2.0. In Fig. (5), when the Casson fluid increases in a flow field,
it leads to an increase in the streamline value because of the accelerated flow and
the greater centripetal acceleration by fluid particles as they follow the curved flow
path. In Fig. (6), when increasing the rotational parameter values in a fluid flow, the
behavior of the streamlines can be affected significantly. Specifically, with increasing
rotational parameters, the fluid flow tends to exhibit a more rotational or swirling
motion. This implies that the streamlines become more curved and start to form
vortex patterns within the flow. As the rotational effects become more pronounced,
the streamlines tend to wrap around the central axis, forming distinct whirlpool-like
structures, thereby indicating a stronger rotational component in the fluid dynamics.

6 Conclusions

In conclusion, this research provides a comprehensive exploration of hydromagnetic
free convective thermosolutal transport in Casson fluid flow from a rotating vertical
wall to a permeable medium with the Soret effect. The PDEs relevant to fluid fow
are transformed into coupled non-linear ODEs using the nondimensional quantities.
The mathematical model incorporates radiative flux, heat source/sink, and chemical
reaction effects and is solved using a Laplace transform technique in MATLAB. The
findings of this study reveal critical insights:

• Velocity profile increases with m and K1 and greater velocity magnitudes are
obtained for isothermal case than for the ramped wall temperature case.

• Velocity is depleted with greater M , γ, K with a correspondingly larger momentum
boundary layer thickness.
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Fig. 6 Streamlines for (a) K = 1.0, (b) K = 1.5

• Temperature magnitudes, thermal boundary layer thickness increase with Rd,
Q, and t. Moreover, in the isothermal wall case, higher temperature values are
computed compared to the ramped wall temperature case.

• Concentration magnitudes and species boundary layer thickness decrease with an
increase in So, Sc, and K2. Conversely, an increase in time leads to the opposite
effect.

• By increasing the Q from 0.7 to 0.8 increases the heat transfer rate by 9.5% and
increasing the K2 from 1.1 to 1.2 increases the mass transfer rate by 5.2%.

This research sheds light on the near-wall boundary layer characteristics of rotating
MHD generators, yet it’s essential to acknowledge that the study does not encom-
pass complex effects like Dufour, Future investigations should consider these factors,
especially in scenarios with high magnetic Reynolds numbers.
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Nomenclature
V velocity vector (m/s)
E electric field intensity vector (V/m)
B applied magnetic field vector (Tesla)
J electric density (V/m)
m hall current (m3/C)
t∗ dimensional time (s)
q heat flux (Wm−2)
τ shear stress (Nm−2)
Ω angular velocity (rad/s)
σ electrical conductivity of non-Newtonian fluid (S/m)
ne number of density electrons (eA−3)
U ,W dimensional velocity components along X,Z directions

(m/s)
g gravitational acceleration (m/s2)
Rd radiation parameter (-)
Nu Nusselt number (-)
Sh Sherwood number (-)
γ Casson fluid parameter (-)
B0 magnetic field (kgs−2A−1)
Pr Prandtl number (-)
ρ density (kgm−3)
Sc Schmidt number (-)
erfc Complementary error function (-)
erf Error function (-)
K1 porous medium permeability (-)
κ thermal conductivity (Wm−1K−1)
σ∗ Stefan-Boltzmann radiation constant (Wm−2s−4)
Gm solutal Grashof number (-)
K2 chemical reaction parameter (-)
K rotational parameter (-)
T fluid Temperature (K)
u,w velocity components(dimensionless)(m/s)
Gr thermal Grashof number (-)
Q heat source/sink (-)
Sr Soret effect parameter (-)
M magnetic parameter (-)
µβ dynamic viscosity of fluid (kg/ms3)
πe critical value of product (-)
py yield stress of fluid (-)
H(·) Heaviside unit step function (-)
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