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ARTICLE INFO ABSTRACT

Received: 30 Dec 2024 Introduction: This study presents an analytical investigation of unsteady free convective

hydromagnetic boundary layers, with a focus on the effects of Dufour, heat radiation, and

chemical reactions on the flow of Casson fluid over an inclined oscillating plate. The system is

Accepted: 25 Feb 2025 considered under uniform temperature and varying concentration conditions, interacting with a
rotating porous medium. The governing equations are formulated and solved using the Laplace
transform method. The numerical results are illustrated graphically, highlighting variations in
temperature, velocity, and concentration for different parameter values. The study of Casson
fluid dynamics has garnered significant attention due to its applications in biomedical
engineering, polymer processing, and other industrial processes. Understanding the influence of
heat and mass transfer parameters such as the Dufour number (Df), thermal radiation (R), and
chemical reaction (K) on Casson fluid flow is crucial for optimizing thermal management in
various engineering applications.

Revised: 16 Feb 2025

Objectives: The objective of this research is to analyze the behavior of Casson fluid under the
combined effects of rotation and a porous medium, examining how these factors influence
temperature distribution, velocity profiles, and concentration fields. By comparing Casson fluid
to Newtonian fluid, this study also highlights its unique flow characteristics

Methods: Using the Laplace transform method, the analytical solutions for temperature,
velocity, and concentration are obtained. The numerical computations provide insights into the
physical significance of key governing parameters.

Results: The study reveals the following key findings
Velocity Profiles: The Casson fluid exhibits higher velocities compared to Newtonian fluid due

to its inherent rheological properties. The velocity is enhanced with an increase in the Grashof
number (Gr) and heat source intensity but decreases as the radiation parameter increases.
Temperature Variation: The temperature of the fluid decreases with increasing values of
Grashof number (Gr), Dufour number (Df), thermal radiation parameter (R), and chemical
reaction parameter (K). However, a stronger heat source leads to an increase in temperature.
Concentration Effects: The concentration profile decreases with increasing values of the
chemical reaction parameter (K) and Schmidt number (Sc), indicating enhanced mass diffusion
effects.

Conclusions : This research provides an in-depth analysis of the unsteady free convective
hydromagnetic boundary layers of Casson fluid in a rotating porous medium. The study
highlights how temperature, velocity, and concentration profiles are influenced by key
parameters such as the Dufour number, thermal radiation, and chemical reaction effects. These
findings contribute to a deeper understanding of Casson fluid behavior in various industrial and
scientific applications

Keywords: Dufour Effect, Radiation, Chemical Reaction, Casson Fluid, Rotation, Porous
Medium, Free Convection
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INTRODUCTION

Numerous disciplines, including electrical power generation, magnetohydrodynamics, and geophysics, use
magnetohydrodynamic fluxes. For this reason, research on them, both theoretical and experimental, is crucial in
engineering and technology. Heat transfer between various geometries imbedded in porous media has numerous
applications in both science and practice. These include of nuclear reactor cooling, packed-bed catalytic reactors,
geothermal reservoirs, porous solid drying, thermal insulation, enhanced oil recovery, and subterranean energy
transfer. Numerical models of convection and associated radiation Radiative heat transfer research is currently
heavily focused on processes. Convective heat transfer in porous media has received a lot of attention lately due to its
numerous technological applications. The effects of MHD on a rapidly starting vertical infinite plate that underwent
temperature changes due to a transverse magnetic field were examined by Soundalgekar et al. [1]. The radiative free
convection movement of a visibly thin gray gas past an endless vertical plate was studied by Soundalgekar and Takhar
[2]. The effects of radiation and chemical reactions on the flow of MHD Casson fluid via a vertical plate that oscillates
in a porous media were investigated by Kataria et al. [3]. When Dufour and chemical reactions were occurring,
Vijayaragavan et al. [4] attempted to determine a theoretical solution to the problem of heat and mass transfer in
MHD Casson fluid flow across a sloped porous plate.

Kavitha et al. [5] investigated a parabolic flow that passed over a rotating isothermal plate with uniform mass
diffusion and temperature during a chemical reaction. An MHD parabolic flow that traveled over an accelerating
rotating isothermal plate was also examined by Selvaraj et al. [6]. The Soret and MHD effects of parabolic flow over
a rapidly moving vertical plate were investigated by Nanadakumar et al. [7]. In addition, while temperature radiation
and chemical reactions occurred, the plate was rotating. Jothi and Selvaraj [8] investigated the effects of the heat
source on MHD and the radiation-absorbing fluid flowing across an increasing-higher plate surrounded by a porous
medium. Lakshmikaanth et al. [9] state that whereas temperature decreases with increasing radiation (R),
temperature increases with increasing heat source (Q). A team of researchers led by Maran [10] looked on thermal
diffusion, or the movement of mass and heat across a vertical plate during a chemical process. Convection flow was
not controlled by MHD. The Hall and magnetic effects on a stream passing a vertical plate moving at a parabolically
high speed were examined in another work by Aruna et al. [11]. The mass was dispersing uniformly as thermal
radiation, and the heat was changing. Radha et al. [12] examined the magnetohydrodynamic effects on Casson fluid
flow via a parabolic accelerated vertical plate with thermal resistance when the flow is not steady.
Muthucumaraswamy Rajamanickam et al.'s work [13-14] examined the effects of free convection on the
magnetohydrodynamic flow of a vertical plate moving at a constant temperature during a chemical reaction. They
examined how heat and mass transport, as well as Hall and rotational phenomena, affect magnetohydrodynamic flow
over a vertically oriented plate undergoing exponential acceleration. R.B. Hetnarski demonstrates the use of an
algorithm to determine the formulas for inverse Laplace transforms in [15, 16]. In a porous medium with increasing
temperature, Subhrajit Sarma and Nazibuddin Ahmed [17] investigated and resolved the Dufour effect of non-steady
MHD flow via a vertical plate. Prakash and Selvaraj [18] investigated the effects of heat and radiation on MHD and
parabolic motion in Casson fluids flowing on a vertical plate via a rotating porous material. Using computers,
Prabhakar et al. [19] investigated the effects of spinning, diffusion, and thermodynamics on the flow of a heat-
generating MHD Casson fluid past a moving porous plate. The impacts of Soret and Dufour on MHD Casson Fluid
Over a Vertical Plate in the Presence of Chemical Reaction and Radiation were recognized and rectified by Ananda
Reddy and Janardhan [20]. Palani and Arutchelvi [21] talked about the effects of Soret and Dufour as well as how an
MHD nanofluid passes past a tilted plate. The work by Kumar and Vempati [22, 23] investigated how
magnetohydrodynamics (MHD) affected a vertical plate that was infinite and fired quickly.off in the presence of a
horizontal magnetic field while the temperature varies. The effects of chemical reactions on flow past a fast-moving
vertical plate with varying temperatures and mass diffusion in the presence of a magnetic field were examined by
Muthucumaraswamy Rajamanickan et al. [24—25]. The effects of cross diffusion and heat production on the mixed
convective MHD flow of Casson fluid through a porous media with non-linear thermal radiation were investigated by
Patel and Harshad R. [26]. Bond stability, kinetic stability, energy-related variables, Ge-MS, and molecules in
coumarin 3-(1-methly-2-imiadazolythio)-1-oxoethly were discussed by Dhanalakshmi et al. in their work [27].
Karthikeyan et al. [28—29] used MHD in one work to investigate the rotational consequences of parabolic flow across
an isothermal vertical plate. The Soret and Dufour effects on unsteady MHD convection flow across an infinite vertical
porous plate were investigated by Gayathri et al. [30]. Thermal and radiative effects on an unsteady MHD Casson
fluid past a rotating porous media with variable mass diffusion are studied by Prakash et al. [31].In this work, we



585 J INFORM SYSTEMS ENG, 10(32s)

examined the Dufour effects on Casson fluid flow past an accelerating inclined oscillating plate to a rotating porous
fluid with constant mass diffusion and temperature

MATHEMATICAL ANALYSIS

An infinite inclined oscillating plate built in a rotating system, where the Hall current with rotation is incorporated
in the porous medium and the Dufour effect is also taken into consideration, is traversed by an unsteady free
hydromagnetic natural convective flow with heat and mass transfer. The fluid is viscous, incompressible, electrically
conductive, and optically thick. The coordinate model is chosen so that the x’ — axis points upward towards the plate
and the y' — axis is perpendicular to the plate.Along the x’ — axis, the fluid and plate rotate in accordance with the
standardised angular velocity Q. The fluid and plate are maintained at the constant temperature T’ and initially rest
at period along t’ < 0. Additionally, the species concentration at C’,, must be consistently preserved on the plate's
surface and at any location inside the fluid. Plate statistics are migrating to their own planes with u’' = uycoswt
velocity. A uniform transverse magnetic field B, is implemented in a direction parallel to y’' — axis. The flow
temperature and species concentration on the plate surface is upturned to the uniform temperature about T,, and
uniform species concentration C;, and consequently retained. Then under usual Boussinesq’s approximation for the
unsteady parabolic starting motion is governed by the following equation.

au’ " a2’ A L ou’

i 20'v' = 19( )6}7+gﬁTr(T —T'w)cosa + gfr(C' — COO)COSOL—k—1 )
0t, + 2Q'u’' =9 Z;Yzl — ﬁk—él (2)
T
T =rTE-K(E - @)

Under the initial and boundary conditions listed below

W=0v=0,T =T, C =C,, forallz’ >0,t' <0 l

u =ugcoswt, T' =T + (Tl — T'w):—, C'=(C,—C) :— 5)
0
u—-0 T ->T, C->C,asz »ocand t' =0 J
As we have optically thick Casson fluid, we can use Rosseland approximation [26]
aQr = —4q O_(T/4 _ T/4) (6)

az'

It is assumed that the temperature differences within the flow are sufficiently small such T'4 They may be exPressed
as a linear function of the temperature. This is accomplished by expanding T'* the Taylor series about T’,,, and
neglecting higher-order terms, thus

T'* = 4T3 T' — 3T"% @)

The consequent dimensionless aggregate is
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Substituting values from Eq. (6) and Eq. (7) in Eq. (3) and in Egs. (1)—(4) and dropping out the notation (for
simplicity) we get the non-dimensional equations are
au

1\ 82U U
P (1 + ;)W + 2Qv — GrB(cosa) + GeC(cosa) — o (9)
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To solve equations (9) and (10), use ¢’ = U + iV we get

2
— = G,0cos(a) + G.C cos(a) + (1 + )# —m*q’ (13)
98 _ iﬂ _
ac 1 9%C
% sy KC (15)

Here m* = 20 + —
kq

The corresponding initial and boundary conditions are

q=0,0=0C=0forallyandt<0
q =coswt,6=1,C=t forally,t=0 (16)
qg - 0,6 - 0,C >0asy— .

SOLUTIONS

The equations (13), (14), and (15) contain dimensionless administering conditions and corresponding beginning
and limit conditions. These equations can be solved using Laplace transforms. After one last inverse transform,
the following method is used to get

1 [e‘z”‘/m erfc(nVSc —VKt) + e2nVSckt erfc(nVSc + VKt)]

€= (17)
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RESULTS AND DISCUSSIONS

We are going to look at some numbers that show how different non-dimensional flow parameters affect the speed
(q), temperature (0), and concentration (C) as they are plotted against the boundary layer coordinate (1) in Figures
2 through 20. These numbers include magnetic parameter (M), chemical reaction parameter (K), rotation parameter
(R), Schmidt number (Sc), Grashof number (Gr), permeability parameter (ki), heat absorption coefficient (Q),

Dufour number (Df), Casson fluid parameter (y), and time t.
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Fig. 1. Concentration curves observed for Fig. 2. Concentration curves Curves for

Fig.1 illustrates the concentration goes to down as increase the chemical reaction values and using various Schmidt
numbers, the result is seen in fig.2 when the Schmidt value is assumed to be high it may be noticed that the divided

concentration rises.
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Fig. 3. Temperature Profiles for several values Fig. 4. Temperature Profiles for distinguished Sc
of Pr values

In fig.3 shows that temperature decreases as in the values of Pr values increases and fig.4,it is observed that Schmidt
number increases, indicating a tendency for the temperature to rise initially. However, the temperature subsequently
fluctuates, revealing a change in trend, decrease in warm at this stage.
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Fig. 5. Temperature Profiles for distinct values of Fig. 6. Temperature Profiles for distinguished Df
R values

Fig. 5 illustrates the temperature Profile shows that Thermal radiation parameter R goes up, the temperature goes
down and in fig.6, we can explore the heat behaviour in more detailed by considering the thermal diffusion(Dufour)
numbers (Df = 0.1,1,2). In general, as Dufour parameter increases, it means that the Dufour effect becomes more
Pronounced, and the temperature distribution within the mixture becomes more affected by the concentration
gradients. This can lead to higher or lower temperatures depending on the specific circumstances and the sign of the
Dufour effect
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Fig. 7. Velocity Profile for different values of Pr Fig. 8. Velocity Profile for different values of M

In fig.7 it is observed that velocity increases with increasing in the values of Prandtl number. In fig.8 it is considered
that the influence of a magnetic field on fluid motion is measured using Hartmann values, which specifically gauge
the reduction of velocity variations due to the magnetic field's Lorentz force. However, these values do not directly

dictate the speed or orientation of the velocity.

15 : 15— . — —
——DF10 ——5c=09
—Df=15 =—=8§c=1.0
Df=2.0 Sc=1.2
1 ? 1
5 5
S :
T T
05+ 05+
ob— ‘ o ' —
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
1(Similarity Parameter) 7(Similarity Parameter)
Fig. 9. Velocity Profile for different values of Df Fig. 10. Velocity Profile for different values of Sc

Fig.g illustrates speed for thermal diffusion values it is evident that the highest speed is achieved if Dufour number
gets high. In fig.10 displays plate's velocity contours at various Schmidt values. (Sc= 0.1, 0.3, 0.6). A plate's Schmidt

number falls as speed rises.
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In fig.11 velocity contours of the plate are shown in the image above as increasing velocity causes the Gc values to
increase. In fig.12 it is observed that velocity of the plate goes to down with an increasing the values of thermal

radiation parameter R
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Fig. 14. Velocity Profile for different values of ¥

Fig. 13. Velocity Profile for different values of K

In fig.13it is seen that velocity of the plate goes to down with an increasing the values of chemical reaction parameter
K .In fig.14 it is seen that velocity of the plate goes to high performance with an increasing the values of Casson fluid

parameter
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CONCLUSION

This research investigates the relationship between rotational effects and the Dufour effect. Specifically, we analyze
the flow behavior of Casson fluid at constant temperature and concentration under the influence of thermal radiation
and chemical reactions. By applying the Laplace transform, we gain deeper insights into the governing equations and
interpret mathematical expressions to understand the fundamental flow characteristics.Graphs serve as an essential
tool in this study, effectively visualizing data and highlighting variations in temperature, concentration, and velocity.
The key findings are summarized as follows:
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>
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Temperature Profile: The temperature increases with higher values of the Dufour number (Df), heat
generation (Q), and time (t). However, it decreases with increasing Prandtl number (Pr), Schmidt number
(Sc), chemical reaction parameter (K), and thermal radiation parameter (R)

Concentration Boundary Layer: The concentration decreases over time (t) as the Schmidt number (Sc)
and chemical reaction parameter (K) increase.

Velocity Profile: The flow velocity decreases as the Dufour number (Df) increases. Additionally, an
increase in the thermal gradient number (Gr), Casson fluid parameter (A), magnetic parameter (M), chemical
reaction parameter (K), Schmidt number (Sc), thermal radiation parameter (R), and Prandtl number (Pr)
further slows down the fluid motion.
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