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In this study, we examined the effects of diffusive heating, Hall current, and radiation
absorption on the magnetohydrodynamic (MHD) mixed convective flow of a viscous,
incompressible, electrically conducting Casson fluid along an inclined porous plate. This flow
occurs in the presence of thermal radiation and chemical reactions. Using a perturbation
approach, we derived solutions for the non-dimensional equations. Within the boundary
layer, we analyzed how various non-dimensional factors influence the velocities,
temperatures, and concentrations of the fluid. Additionally, computational analyses were
conducted to explore the impact of relevant factors on the shear stress rate and the rates of
heat and mass transfer. As the Hall and radiation absorption parameters increase, the velocity
and temperature of the fluid also increase. Conversely, when the diffusive heating parameters
increase, the fluid velocity and temperature exhibit opposite trends. Additionally, as thermal
radiation increases, the temperature tends to decrease. Increasing the permeability factor
reduces the skin friction coefficient, but increasing the thermal and mass Grashof numbers
has the opposite effect. A higher Prandtl number leads to an increase in the Nusselt number.
Lastly, the Sherwood number decreases as the amount of absorbed radiation increases.
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1. Introduction

Heat and mass transfer in the context of non-
Newtonian fluid flow, particularly Casson fluid
flow, presents intriguing
fluids exhibit non-

opportunities. Casson

heat and mass transfer in Casson fluid flow
encompass a wide range of industries, including
pharmaceuticals, food processing, cosmetics, and
polymer processing. Understanding the complex
interplay between fluid rheology, heat transfer,
and mass transfer in Casson fluid flow is essential

challenges and

Newtonian behavior characterized by yield stress
and a nonlinear relationship between shear
stress and shear rate. When studying heat and
mass transfer in Casson fluid flow, several key
considerations come into play. Applications of
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for optimizing processes, improving efficiency,
and developing innovative technologies in these
fields. Swapna et al. [1] have studied Viscous
Dissipation and Chemical Reactions on Radiate
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MHD Casson Nanofluid Past a Stretching Surface
with a Slip Effect. Isaiah [2] has discussed the
Spectral Quasi-Linearization Approach for
Unsteady MHD Boundary Layer Flow of Casson
Fluid Due to an Impulsively Stretching Surface.
Sarojamma et al. [3] have possessed unsteady
boundary layer flow of a Casson fluid past a
wedge with wall slip velocity. Mustapha et al. [4]
have reviewed the analysis of MHD thermosolutal
convection in a porous cylindrical cavity filled
with a Casson nanofluid, considering Soret and
Dufour effects. Raghunath et al. [5] have
discussed the effects of radiation absorption and
aligned magnetic field on MHD cassion fluid past
aninclined vertical porous plate in porous media.
Kumar et al. [6] have possessed thermal diffusion
and inclined magnetic field effects on MHD free
convection flow of Casson fluid past an inclined
plate in conducting field.
Magnetohydrodynamics (MHD) is a
fascinating interdisciplinary field that explores
the behavior of electrically conducting fluids in
the presence of magnetic fields. Emerging at the
intersection of fluid dynamics, electromagnetism,
and plasma physics, MHD offers profound
insights into a wide range of natural and
engineered phenomena. From the dynamics of
cosmic plasma in astrophysics to the design of
advanced propulsion systems, MHD has found
diverse applications across various domains. In
engineering, MHD principles are utilized in
numerous  applications. One  prominent
application is magnetic confinement fusion,
where MHD is crucial for controlling and
stabilizing the plasma in experimental fusion
reactors. MHD is also employed in the design of
electromagnetic  propulsion  systems for
spacecraft, offering a potentially efficient and
environmentally friendly means of propulsion for
future space missions. Moreover, MHD has
applications in energy production and
conversion. Srinivasacharya and Swamp Reddy
[71 have analyzed Chemical reaction and
radiation effects on mixed convection heat and
mass transfer over a vertical plate in power-law
fluid saturated porous medium. Ibrahim et al. [8]
have discussed the Effect of the chemical reaction
and radiation absorption on the unsteady MHD
free convection flow past a semi-infinite vertical
permeable moving plate with heat source and
suction. Meenakshi [9] has studied the Dufour
and Soret Effect on Unsteady MHD Free
Convection and Mass Transfer Flow Past an
Impulsively Started Vertical Porous Plate
Considering Heat Generation. Aly et al. [10] have
discussed Radiation and Chemical Reaction
Effects on Unsteady Coupled Heat and Mass
Transfer by Free Convection from a Vertical Plate
Embedded in Porous Media. Narender et al. [11]
have expressed Heat and mass transfer of
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nanofluid over a linear stretching surface with a
viscous dissipation effect. Raghunath et al. [12]
have discussed Radiation absorption on MHD
Free Conduction flow through a porous medium
over an unbounded vertical plate with a heat
source.

The Dufour number denotes the contribution
of the concentration gradients to the thermal
energy flux in the flow. It can be seen that an
increase in the Dufour number causes a rise in
temperature. The interaction between radiation
absorption and diffusive heating is particularly
significant in scenarios where both processes
coexist, such as solar collectors, atmospheric
heating models, and industrial furnaces. For
example, in a solar collector, sunlight is absorbed
by a fluid flowing through a heat exchanger,
leading to localized heating. This absorbed
energy then undergoes diffusive heating as it
spreads through the fluid, influencing
temperature gradients and fluid flow patterns
within the collector. Understanding the
combined effects of radiation absorption and
diffusive heating is essential for optimizing the
performance of various thermal systems,
improving energy efficiency, and addressing
challenges related to climate change, thermal
management, and materials processing. By
studying the intricate interplay between these
processes, researchers and engineers can
develop innovative solutions to complex
problems and contribute to advancements in
science and technology. Khan et al. [13] have
studied the Influences of  Gyrotactic
Microorganisms and Nonlinear Mixed Bio-
convection on Hybrid Nanofluid Flow over an
Inclined Extending Plate with Porous Effects.
Hamma et al. [14] have discussed the Analysis of
MHD Thermosolutal Convection in a Porous
Cylindrical Cavity Filled with a Casson Nanofluid,
Considering Soret and Dufour Effects.
Mridusmita et al. [15] have analyzed the
Convective MHD Flow of a Rotating Fluid Past
through a Moving Isothermal Plate under
Diffusion-Thermo and Radiation Absorption.
Jamir and Hemanta [16] have possessed Effects of
Radiation Absorption, Soret, and Dufour on
Unsteady MHD Mixed Convective Flow past a
Vertical Permeable Plate with Slip Condition and
Viscous Dissipation. The impacts of Radiation
absorption and diffusive heating have all been
examined in this work [17-19].

Joule heating and thermal radiation are two
significant phenomena in fluid mechanics that
profoundly influence the behavior of fluids in
diverse applications. Joule heating, arising from
the conversion of electrical energy to heat when
an electric current passes through a conductor,
plays a crucial role in conductive fluid systems. In
fluid mechanics, this phenomenon finds



Kanchi et al. / Journal of Heat and Mass Transfer Research 11 (2024) 179 - 194

applications in various fields, such as
electrokinetic flow control, where electric fields
manipulate fluid motion, and in microfluidic
devices for precise temperature control and
thermal actuation. Thermal radiation, on the
other hand, refers to the emission of
electromagnetic radiation from the surface of a
body due to its temperature. In fluid mechanics,
thermal radiation plays a vital role in applications
involving high-temperature flows, such as
combustion processes in engines and industrial
furnaces. Additionally, thermal radiation is
significant in radiative heat transfer, where it
influences temperature distributions within fluid
systems, impacting fluid flow behavior and heat
transfer rates. The integration of Joule heating
and thermal radiation analysis in fluid mechanics
provides a comprehensive understanding of heat
transfer mechanisms and facilitates the design
and optimization of fluid systems for various
engineering  applications, ranging from
microfluidics to large-scale industrial processes.
Indeed, James Prescott Joule first proposed the
concept of Joule heating in 1840 [20],
establishing the relationship between electrical
current passing through a conductor and the heat
produced as a result of the electrical resistance
encountered. Since then, Joule heating has
garnered significant attention and has been
extensively studied due to its numerous practical
applications  across  various  industries,
particularly in the realm of heat transfer. In the
heat transfer sector, Joule heating effects have
found wide-ranging applications, including in the
manufacturing of heat transfer spectacles and
equipment. Loganathan and Rajan [21] have
studied an entropy approach of Williamson
nanofluid flow with Joule heating and zero
nanoparticle mass flux. Zhou et al. [22] have
studied Numerical analysis of thermal radiative
Maxwell nanofluid flow over-stretching porous
rotating disk. Khan et al. [23] have studied
Irreversibility analysis in the hydromagnetic flow
of Newtonian fluid with Joule heating: Darcy-
Forchheimer model. Hafeez et al. [24] have
expressed the Features of the Cattaneo-Christov
double diffusion theory on the flow of non-
Newtonian Oldroyd-B nanofluid with Joule
heating. Shamshuddin and Eid [25] have studied
nth-order reactive nano liquid through
convective elongated sheets under mixed
convection flow with joule heating effects. Recent
research by Pramanik [26] has shown that
thermal radiation and the Casson factor both
increase the thermal flow rate. In their work,
Khan et al. [27] examined the thermal and mass
transfer properties of bioconvection nanofluid
flow. They concluded after completing the
research mentioned in the preceding sentence.
The researchers Ahmad et al. [28] have used
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modeling and simulation to examine heat
radiation over the same period to assess their
combined effects.

The properties and behavior of porous media
play a crucial role in numerous scientific and
engineering fields, including hydrogeology,
petroleum engineering, soil science,
environmental engineering, and materials
science. Understanding how fluids flow through
porous media, interact with solid surfaces, and
transport substances within these materials is
essential for addressing a wide range of practical
applications, such as groundwater management,
oil recovery, pollutant transport, and filtration
processes. According to the Carman-Kozeny
correlation Dullien [29], the permeability
increases with increasing porosity and vice versa
for a fixed grain size. Moreover, the Darcy
number is proportional to the permeability. Thus,
the Darcy number increases with the increase in
porosity and vice versa for a fixed grain size.
Deepthi et al. [31] have studied the recent
development of heat and mass transport in the
presence of hall, ion slip, and thermo diffusion in
radiative second-grade Material. Raghunath [32]
has analyzed the study of heat and mass transfer
of an unsteady Magnetohydrodynamic Nanofluid
flow past a vertical porous plate in the presence
of chemical reaction, radiation and soret effects.
Raghunath et al. [33] have possessed Diffusion
Thermo and Chemical Reaction Effects on
Magnetohydrodynamic Jeffrey Nanofluid over an
Inclined Vertical Plate in the Presence of
Radiation Absorption and Constant Heat Source.
Raghunath et al. [34] have looked at Heat and
mass transfer on the MHD flow of Jeffrey
nanofluid based on Cu and TiO2 over an inclined
plate and diffusion-thermo and radiation
absorption effects.

Hall Effect is a fundamental principle in fluid
mechanics that describes the behavior of charged
particles, such as ions or electrons, in a
conductive fluid (plasma or electrolyte) under
the influence of an applied magnetic field and an
electric current. Named after physicist Edwin
Hall, who discovered it in 1879, the Hall Effect
manifests itself as a transverse electric field
perpendicular to both the direction of the current
flow and the magnetic field. In fluid mechanics,
the Hall effect is particularly significant in plasma
physics, where charged particles are abundant.
When a magnetic field is applied perpendicular to
the direction of ion flow within a plasma, it exerts
a force on the charged particles, causing them to
experience a Lorentz force. This force deflects the
charged particles perpendicular to both the
magnetic field and the direction of the current
flow, resulting in the accumulation of charge on
opposite sides of the plasma, creating an electric
field. This electric field, in turn, modifies the
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plasma's behavior and fluid dynamics. Sunitha et
al. [35] Unsteady MHD rotating mixed convective
flow through an infinite vertical plate subject to
Joule heating, thermal radiation, Hall current, and
radiation absorption. Hari Babu et al. [36] have
possessed Heat and Mass Transfer on Unsteady
MHD Chemically Reacting Rotating Flow of
Jeffrey Fluid Past and Inclined Plates under the
Impact of Hall Current, Diffusion Thermo, and
Radiation Absorption. Raghunath et al. [37] have
expressed Investigation of MHD Casson fluid flow
pasta vertical porous plate under the influence of
thermal diffusion and chemical reaction.
Raghunath et al. [38] have reviewed the Hall
current and thermal radiation effects of 3D
rotating hybrid Nanofluid reactive flow via
stretched plate with internal heat absorption.
Raghunath et al. [39] have studied the unsteady
magneto-hydro-dynamics flow of Jeffrey fluid
through porous media with thermal radiation,
Hall current, and Soret effects.

The novelty of this work lies in the
investigation of magnetohydrodynamic (MHD)
mixed convective flow of a Casson fluid along an
inclined porous plate. The study integrates
diffusive heating, Hall current effects, radiation
absorption, and chemical reactions within the
framework of the flow analysis. The inclusion of
these multiple influencing factors, offering
insights into the interplay between various
physical phenomena. Furthermore, the use of a
perturbation approach to derive solutions for the
non-dimensional equations demonstrates a
rigorous mathematical treatment of the problem.
Additionally, the analysis extends beyond
theoretical derivations to include computational
analyses, providing a holistic understanding of
the flow behavior and its implications on shear
stress rates and heat and mass transfer rates.
Overall, the study contributes to advancing the
understanding of MHD flows involving non-
Newtonian fluids and porous media under the
influence of various physical effects, thereby
offering valuable insights for both theoretical and
practical applications.

2. Non-Newtonian Fluid Model

The rheological equation of state for an
isotropic incompressible flow of a Casson fluid
[40] can be expressed as:

Py
+—
#e N2rx ) &, 7 > 7,

( 3 jeij <7, &)
Mg + ’

27

in equation (1), 7 =¢;,

e

ij’

Where ¢;; are the

(i, j)th Component of the deformation rate, 7 is
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the product of the deformation rate with itself,
7T is a critical value of this product based on the

non-Newtonian model, £; is the plastic dynamic
viscosity of the non-Newtonian fluid and F’y the

yield stress of the fluid.

3. Formulation of the Problem

In a rotating system, we investigated the
mixed convective flow of a viscous non-squishing
fluid with the effects of hall currents and Joule
heating. The fluid transfers electricity via an
inclined porous plate submerged in a uniform
porous media. We examined diffusion,
thermodynamic absorption, and radiation
absorption. The electrically conducting fluid
spins as it moves over the plate. We have
discussed this subject in great detail, and it has
been on our minds. The z-axis is perpendicular to
the plate, and the x-axis descends on it; this is the
Cartesian coordinate system we looked at (see
Figure 1). The fluid and the plate rotate as a rigid
body with a uniform angular velocity () about
z-axis in the presence of an imposed uniform
magnetic field Bo normal to the plate. The induced
magnetic field is tiny compared to external
magnetic field. All the physical variables are
independent of x, as the motion is two
dimensional and length of the plate is large. A
homogenous first order chemical reaction
between fluid and the species concentration is
taken into account in which the rate of chemical
reaction is directly proportional to the species
concentration.

lg

O LD
Porous medium 7
S (®)

o ©

Fig. 1. Physical phenomena of the Problem

This should be done while keeping in mind the
assumptions made earlier in this section by [31].

ow

oy (2)

20:>W=—W0(W0 >0)
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In the case that the assumptions described
earlier turn out to be accurate, the following will
serve to establish the appropriate boundary
conditions for the distributions of velocity,
temperature, and concentration

u—>0 w0 T->T,CHC, a z-oo (7)
u=0, w=0,T=T,C=C,atz=0 (8)
If Hall currents are considered, the

generalised version of Ohm's law, which is
followed by [30], may be written using the
following form.

- o -1 - —
= E+V xB — JxB

@+ m? )[ on, j )

In addition to this, we are operating under the

assumption that the electric field E=0 gradually
decreases to

J,—ml, =—oB,w

X

(10)

J, +mJ, =oByu (11)

After working out the previous equations (10)
and (11), we get

oB,

J, =(mu —W)m (12)
oB

J, =(mw+u)—2> 13

y = (mw+u)—2; (13)

The resulting equations are substituting the
equations (12) and (13) in (3) and (4)
respectively
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ou oB?
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ow 1\é%w oB’? 9
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By combining equations (2) and (3), we get
the following result: let q = u+iw.
2
Wa—+21.Qq v 1+— a—q—iL
0z A )oz? Yol (1+1'm)
. (16)
—;q+g B.(T-T )+p5.(C-C))|Cosa

There is also self-absorption for an optically
thick fluid in addition to discharge, and typically
the absorption quantity is dependent upon a
wavelength and high enough that can consider
the Roseland approximation for the radiative
heat flux gr is specified by

_ —4oy or*

"3k, oz (17

where ki and o1 are the coefficient of mean
absorption & Stefan Boltzmann constant,
respectively. The temperature deviation within
the flow is presumed to be adequately
insignificant such that T4 can be represented as
a linear temperature function that is achieved by
elaborating over T«' in Taylor's series and
ignoring the terms of the higher-order, thereby

T* = 4T°T 31} (18)

After that, Equations (17) and (18) are
included into Equation (5), which results in

LTk T 9{[ j (awﬂ B (12, 0
—+ H = |+ (u +w)
62 pC o C |\ax oz pC

L9
| 1601 a T L% (T-T.)+Q,(C-C.)+ DK, g
pC 3k, pcp CC, a

The following are dimensionless variables
that will be introduced.

oDy W e Wz, T-T. . C-C.
W, W, 9 T,-T, C,-C,

9
M? = OB‘QPr_ﬁ:X,Rﬁ Kk =141
el K « 4oiT, A
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or - YOB(L-T) oo 998'(C,=C.)

wg W
W _Q8 g8 Wk
©c,(r,-T.) w' D 9
Q: l9Q[J K = 'ch Q :‘9Q1<Cw_coo).
pCpWO , ' Wg o WZO(TW _Too)
(20)

When non-dimensional variables are used,
the set of governing equations, which includes (2)
through (5), simplifies to

2 2
218(21+6_q_ M_ +2iR+i q=
oz oz 1+im K (21)

—GrfdCosa—-GmgCosa

2 2
0”0 +Pr%+EcPr a_q
o0z? oz Z

=Pr(Q—-Rd)O+Q,pD,

+ EcPrM?qg?
‘p (22)

ZZ

52¢
o0z?

The equations that connect to the perimeter
requirements are as shadows:

g=0, =1 ¢=1 atz=0
q—>0, 6—>0, ¢ >0 as

(23)

+ SC% —ScK_ =0
oz

Z—> 0 (24)

4. Solution Methodology

The set of Equations (21) - (23) are partial
differential equations which cannot be solved in
closed form. However, these can be solved by
reducing them into a set of ordinary differential
equations using the following perturbation
method. We now represent the velocity,
temperature and concentration distributions in
terms of harmonic and non-harmonic functions
as

q=0,(2)+ E, q,(z)+ O(Ec?),
0 = 0,(z)+ E, 6,(z)+ O(Ec?),
¢ = ¢(2)+ E, 4(2) + O(Ec?),

Substituting Equations (25) into Equations
(21)-(23), and equating the harmonic and non-
harmonic terms, and neglecting the higher order
terms of & we obtain the following pairs of
equations of order zero and order one.

(25)

2

n ’ M H 1
/quo + g _|:1+ im + 2iR +?:|Qo =

(-Gro,—Gm ¢,)Cosa

(26)
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” ’ _ ? - i
/llqz +q, [1+1’m + 2IiR + K}ql
(27)
=| —Gr0,—Gm ¢ |Cosa
8y +Pro, +Pr(Q—Rd)é, 28
= —PF(Q1¢0 + Du ¢o”)
6] +Préo, +Pr(Q—Rd)g,
( r\2 2 n) (29)
=—Prl(g;)* +Q, 4 +M?q,+ D, ¢
@) +Scp, —ScKcp, =0
(30)
A+ Scgl —(n+ K_)Scg, =0 (31)

The prerequisites that connect to each
perimeter are as shadows:

0 =0 6,=1 ¢,=1,0,=0, 6,=1 g=1latz=0
0, >0,6,—-0,¢,>0,g,>0,6 ->0,¢ >0 asz—-w

(32)

Following is a list of solutions that may be
achieved by applying boundary conditions (32)
and translating equations (26) through (31).

q,=b exp(-m,z)+b,exp(-m z)+b_exp(-mz) (33)
q,=b, exp(-m z)+b, exp(-m,z)+b, exp(-2m,z)
+b,, exp(-2m,z)+b,, exp(-2m,z)
+b,, exp(—(m] +m4))z+b21 exp(—(ml +m3))z (34)
+b,, exp(—(m3 + m4))z+ b, exp(-m,)z
+b,,exp(-m,)z + b, exp(-m,)z +b,, exp(-m, )z
6, =b, exp(—m,z) + b, exp(—m,z) (35)
0,=b,exp(-2m,z)+b,exp(-2m,z) + b, exp(-2m,z)
+b9 exp(—(mI +m4))z +bm exp(—(ml +m3))z

36
+b,, exp(—(mj, +m4))z+bzz exp(-m,)z +b,, exp(-m,)z (36)
+b,, exp(-m,)z +b, exp(-m, )z
@ =exp(—m,z) (37)
% =0 (38)

Putting in new values for equations (33)-(38)
by solving equation (25), we can determine the
field's velocity, temperature, concentration and
physical quantities.
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q=b,exp(-m,z)+b,exp(-m,z)+b exp(-m,z) +
7(b]5 exp(-m,z)+b, exp(-m.z)+b, exp(-2m,z)+

b, exp(-2m,z)+b,,exp(-2m z)+b,, exp(—(ml +m4))z+
E b, exp(—(ml + mj))z +b,, exp(—(m3 + m4))z +b,,exp(-m,)z + (39)

b,,exp(-m,)z+b,, exp(-m,)z +b, exp(-m, )z)

0=b,exp(-m,z)+b,exp(-m,z) +

(b,exp(-2m,z)+b,exp(-2m,z)+ b, exp(-2m,z)+
(40)

E( b9 exp(—(ml + m4))z+bw exp(—(ml +m3))z+b” exp(—(mg + m4))z+

b, exp(-m,)z +b, exp(-m,)z + b, exp(-m,)z +b, exp(-m,)z)

¢ =exp(—m,z) (41)

3.
62 =0

b,m, +b,m, +b;m, +
_ blﬁmﬁz + bleS + 2b17m4 + 2b18rn1 + 2b19m3 +
E.| byo(m, +m,) + by, (M, +m,) +b,,(m; +m,) +
0,5M, + by, M, +b,my + Mg

(42)

Nu = —(%J =bm, +b,m, +
r 62 z=0

(2bym,+2b,m, +2b,m,+b,(m,+m,)+ (43)

E | b,(m +m)+b, (m,+m,)+b, m, +

bIj‘m] + b]4m3 + b15m5

_[92) _

5. Validation for the Present

Investigation

Table 4 demonstrates that the present
primary velocity results, influenced by
parameters such as thermal and mass Grashof
numbers, permeability of porous media, and
magnetic field parameters, closely align with the
previously reported findings by Deepthi et al.
[31]. This suggests a strong agreement between

Qv -ED

a 5 L] 5 zn

our current study and the prior research
conducted by Deepthi et al. [31].

6. Results and Discussion

The effects of the governing flow parameters
on the velocity, temperature and concentration
distributions have been presented in Figures
(2-12), respectively. Further, the effects of the
flow parameters on the skin friction, Nusselt
number, and rate of mass transfer have been
discussed with the help of Tables (1-3). Some
fixed values of the parameters are considered
such as Prandtl number Pr = 0.71, which
represents air at 200°C, Schmidt number Sc =
0.22 (for Hydrogen) and 0.6 (for water vapor),
thermal Grashof number Gr = 5, solutal Grashof
number Gm = 5, Chemical reaction (Kr) = 1, hall
parameter (m)=0.5, Hartmann number (M) = 1,
heat source parameter (Qo)= 0.2, radiation
absorption parameter (Q1)=1.0, angle of
inclination(a)=m/3, Casson parameter (A)=1.5,
rotation parameter (1) = 0.2, thermal radiation
parameter (R)=1, Dufour number Du = 1.5.

Figs. 2-3 depict the influence of thermal and
concentration buoyancy forces on the primary
and secondary fluid velocities. Gr represents the
relative strength of thermal buoyancy force to
viscous force and Gm represents the relative
strength of concentration buoyancy force to
viscous force. Therefore, Gr decreases on
increasing the strengths of thermal buoyancy
force whereas Gm increases on increasing the
strength of concentration buoyancy force. In this
problem natural convection flow induced due to
thermal and concentration buoyancy forces;
therefore, thermal buoyancy force tends to retard
the primary and secondary fluid velocities
whereas concentration buoyancy force tends to
accelerate primary and secondary fluid velocities
throughout the boundary layer region which is
clearly evident from figs. 2-3. It is revealed from
fig. 2 that the primary fluid velocity u increases
on increasing Gr in a region near to the surface of
the plate and it decreases on increasing Gr in the
region away from the plate, secondary fluid
velocity w decreases on increasing Gr throughout
the boundary layer region. The same behavior
was observed with increased Gm.

Fig. 2. The Primary and secondary velocity for u and w against Gr



Kanchi et al. / Journal of Heat and Mass Transfer Research 11 (2024) 179 - 194

—— Gm= 2l

L Sm= 40

EAERY =

| Can= &N
|

1= 0

Gm=20
=40
Gm =60
SEm=&0

Fig. 3. The Primary and secondary velocity for u and w against Gm

Fig 4 shows the effect of angle of inclination,
the resultant velocity diminishes with rising
values of the angle of inclination.

From the figure 5, we observed that the
primary diminishes and secondary velocity
enhances when the intensity of the magnetic field
M is increased. It's because the introduction of a
transverse magnetic field produces a resistive
type force (Lorentz force) that acts like a drag
force, resisting fluid flow and lowering its
velocity. In addition, when the Hartmann number
raises, the thickness of the boundary layer
decreases.

As seen in Figure 6, higher Casson fluid
parameter values tend to slow down the fluid
flow in terms of the generated final velocity.
Forecasts indicate that an increase will be used to
reduce yield stress. More plastic dynamic
viscosity will arise, impeding liquid flow and
other fluids. Additionally, plastic dynamic
viscosity will increase in value. Since this

05

045

a B s] 15 20

highlights the fluid's flexibility, it is significant to
observe that the Casson fluid's non-Newtonian
behaviours become less noticeable when applied.
The juice then behaves just as a Newtonian fluid
would. This is a crucial topic that needs to be
discussed.

Figure 7 demonstrates the effect of Hall
current on the primary velocity u and secondary
velocity w respectively. It is perceived from
Figure. 7 that the primary velocity u enhances on
increasing m throughout the boundary layer
region whereas secondary velocity w diminishes
on increasing m throughout the boundary layer
region. This implies that, Hall current tends to
accelerate primary fluid velocity throughout the
boundary layer region which is consistent with
the fact that Hall current induces primary flow in
the flow-field whereas it has a reverse effect on
secondary fluid velocity throughout the
boundary layer region.
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Fig. 4. The Primary and secondary velocity for u and w against «
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Fig. 5. The Primary and secondary velocity for u andw against M



Kanchi et al. / Journal of Heat and Mass Transfer Research 11 (2024) 179 - 194

L=02
A=la4
b A=D5
l A=n=

5 10 15 20
z

m=04
= 0
=T
n= 0l

¥ 15 2n

a=02
n=04a
n=0R
h=0.8]

0

Fig. 7. The Primary and secondary velocity for u and w against m

Figures 8 and 10 show the effect of the
radiation absorption parameter on velocity and
temperature respectively. It is clear from these
graphs that both velocity and temperature raises
as the radiation absorption parameter rises.
Because thermal radiation is linked with high
temperature. The opposite behavior has been
observed in secondary velocity.

In Figures 9 and 11, the impact of diffusion
heating on velocity and temperature,
respectively, is depicted. The decrease in primary
velocity and enhancement in secondary velocity
signify the alteration in fluid flow patterns due to
the influence of diffusion heating. Physically,
diffusion heating leads to the redistribution of

o1=05

@1=10
o1=156
o1=2.0

thermal energy within the fluid, causing changes
in the velocity field. The increase in temperature
with rising values of diffusion heating indicates
the absorption of heat energy by the fluid,
resulting in elevated temperatures throughout
the flow domain. This phenomenon can be
attributed to the conversion of electrical energy
to heat energy in the presence of electrical
conductivity, characteristic of
magnetohydrodynamic (MHD) flows. Overall, the
observed trends highlight the intricate coupling
between thermal and flow dynamics in the
presence of diffusion heating, underscoring its
significance in understanding and analyzing
complex fluid system.
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Fig. 8. The Primary and secondary velocity for u and w against Q:
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In Fig. 12, the observed reduction in the
concentration profile as the chemical reaction
parameter (Kr) increases indicates the
significant influence of chemical reactions on
mass transport. As Kr enhances, chemical
reactions become more dominant, leading to a
decrease in the concentration buoyancy effects
within the fluid. Consequently, the concentration
diminishes as a consequence of intensified
reactions, reflecting the consumption or
production of species involved in the chemical
reaction. Moving to Fig. 13, the impact of the
Schmidt number (Sc¢) on concentration
distribution is elucidated. The Schmidt number
represents the ratio of momentum diffusivity to
mass diffusivity and characterizes the diffusive
transport of mass in the fluid. As Sc increases,
indicating a decrease in mass diffusivity relative
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to momentum diffusivity, the ability of the fluid to
transport mass diminishes. This results in a
reduction in the concentration of the fluid, as
mass diffuses more slowly relative to momentum,
leading to a broader and less concentrated mass
distribution. These findings underscore the
intricate interplay between chemical reactions
and mass transport, as well as the dependence of
mass diffusion on fluid properties, both of which
are critical factors in understanding and
optimizing complex fluid system.
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Fig. 12. The Concentration for ¢ against Kr
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Fig. 13. The Concentration for ¢ against Sc

The data presented in Table 1 elucidates the
influence of multiple parameters on skin friction
in fluid flow, revealing distinct trends that
underscore the intricate relationship between
various physical factors and the rate of shear
stress. Specifically, an increase in parameters
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such as permeability of porous media (k), Hall
parameter (m), thermal Grashof number (Gr),
mass Grashof number (Gm), radiation absorption
(Q1), and diffusive heating (Du) correlates with
heightened skin friction, indicating greater fluid
resistance attributed to factors like intensified
electromagnetic forces, enhanced buoyancy-
driven motion, and increased heat generation.
Conversely, skin friction decreases with rising
values of magnetic field parameter (M), angle of

inclination (a), Casson fluid parameter (A), and
thermal radiation parameter (Rd), reflecting
reduced fluid resistance owing to diminished
magnetic field influence, altered fluid rheology,
and decreased thermal radiation absorption.
These findings offer crucial insights for
understanding and optimizing fluid flow
behavior across a broad spectrum of engineering
and scientific applications.

Table 1. Skin friction (Pr=0.71; Qo=0.2; Sc=0.22; Ec=0.01).

M K m Gr Gm Kr Q1 Rd A Du T

1.0 0.5 0.5 5 5 1.0 0.5 0.5 1.5 1.5 1.3155
0.6 0.5 0.5 5 5 1.0 0.5 0.5 1.5 1.5 1.2695
0.8 0.5 0.5 5 5 1.0 0.5 0.5 1.5 1.5 1.2436
1.0 0.6 0.5 5 5 1.0 0.5 0.5 1.5 1.5 1.5187
1.0 0.8 0.5 5 5 1.0 0.5 0.5 1.5 1.5 1.6747
1.0 0.5 1.0 5 5 1.0 0.5 0.5 1.5 1.5 1.4102
1.0 0.5 1.5 5 5 1.0 0.5 0.5 1.5 1.5 1.5002
1.0 0.5 0.5 5 5 1.0 0.5 0.5 1.5 1.5 1.5896
1.0 0.5 0.5 5 5 1.0 0.5 0.5 1.5 1.5 1.4636
1.0 0.5 0.5 6 5 1.0 0.5 0.5 1.5 1.5 1.5306
1.0 0.5 0.5 8 5 1.0 0.5 0.5 1.5 1.5 1.5927
1.0 0.5 0.5 5 2 1.0 0.5 0.5 1.5 1.5 1.5761
1.0 0.5 0.5 5 4 1.0 0.5 0.5 1.5 1.5 1.6194
1.0 0.5 0.5 5 5 1.5 0.5 0.5 1.5 1.5 1.5638
1.0 0.5 0.5 5 5 1.8 0.5 0.5 1.5 1.5 1.4191
1.0 0.5 0.5 5 5 1.0 0.6 0.5 1.5 1.5 1.4928
1.0 0.5 0.5 5 5 1.0 0.9 0.5 1.5 1.5 1.4165
1.0 0.5 0.5 5 5 1.0 0.5 0.6 1.5 1.5 1.5194
1.0 0.5 0.5 5 5 1.0 0.5 0.9 1.5 1.5 1.4526
1.0 0.5 0.5 5 5 1.0 0.5 0.5 2.0 1.5 1.4995
1.0 0.5 0.5 5 5 1.0 0.5 0.5 2.5 1.5 1.4137
1.0 0.5 0.5 5 5 1.0 0.5 0.5 1.5 0.3 1.5646
1.0 0.5 0.5 5 5 1.0 0.5 0.5 1.5 0.6 1.5903
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According to the data presented in Table 2, the
significance of the Nusselt number (Nu) increases
with rising values of the Prandtl number (Pr),
indicating a stronger correlation between
momentum and thermal diffusivities.
Additionally, Nu increases with higher levels of
heat absorption (Q0) and the diffusive heating
parameter (Du), suggesting enhanced convective
heat transfer and diffusion-driven heat
generation within the fluid. However, this trend
undergoes a shift when greater amounts of
thermal radiation (Rd), the Hartmann number
(M), and radiation absorption (Q1) are
considered. The increase in thermal radiation
(Rd) may introduce complexities in heat transfer
mechanisms, altering the balance between
radiation and convection. Similarly, higher values
of the Hartmann number (M) and radiation
absorption (Q1) indicate stronger magnetic field
effects and greater absorption of radiation,
respectively, potentially modifying the fluid flow
and heat transfer characteristics. Consequently,
the significance of Nu may either stabilize or
diminish with these factors, depending on the
specific interactions between radiation, magnetic
field, and convective heat transfer processes.

Table 2. Nusselt number (Gr=5; Gm=5; Sc=0.22;
Du=0.5, Ec=0.01; Kr=1).

Pr M Qo Rd Q1 Du Nu

071 10 0.2 05 0.5 0.5 1.6356
2 1.0 0.2 05 0.5 0.5 1.6936
3 1.0 0.2 05 0.5 0.5 1.7696
071 06 0.2 05 0.5 0.5 1.6937
071 08 0.2 05 0.5 0.5 1.6195
071 10 03 05 0.5 0.5 1.5336
071 10 06 05 05 0.5 1.6286
071 10 0.2 1.0 05 0.5 1.6495
071 10 0.2 1.5 05 0.5 1.6127
071 10 0.2 0.5 1.0 0.5 1.6195
071 10 0.2 0.5 1.5 0.5 1.5526
071 10 0.2 05 0.5 1.0 1.5795
071 10 0.2 05 0.5 1.5 1.6286

Table 3 illustrates the varying trends of the
Sherwood number (Sh) with respect to different
influencing factors. It is observed that Sh
increases with the Schmidt number (Sc), thermal
radiation (Rd), and the chemical reaction factor
(Kr), indicating enhanced convective mass
transfer and greater mass transport efficiency.
Conversely, Sh decreases with rising radiation
absorption (Q1) and the diffusive heating
parameter (Du), suggesting a reduction in mass
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transfer rates possibly due to alterations in fluid
flow dynamics and temperature distributions.
These findings underscore the intricate interplay
between various parameters influencing mass
transfer phenomena, crucial for optimizing mass
transfer processes and designing efficient fluid
systems in diverse engineering and scientific
applications.

Table 3. Sherwood number. (Gr=3; Gm=1; m=1; Q1=0.5;
Rd=0.5; Pr=0.71; Qo=0.1; Sc=0.22; Ec=0.01)

Sc Rd Kr Q1 Du Sh

0.22 1.0 1.0 1.0 0.5 1.4896
1 1.0 1.0 1.0 1.0 1.5496
2 1.0 1.0 1.0 1.0 1.5836
0.22 1 1.0 1.0 1.0 1.5686
0.22 1.5 1.0 1.0 1.0 1.6176
0.22 1.0 1.3 1.0 1.0 1.5275
0.22 1.0 1.6 1.0 1.0 1.5886
0.22 1.0 1.0 1.0 1.0 1.6386
0.22 1.0 1.0 1.5 1.0 1.5374
0.22 1.0 1.0 1.0 1.0 1.5646
0.22 1.0 1.0 1.0 1.5 1.4523

Table 4. Comparison of results for primary velocity
(Kc = Q1 = a=Du=A=Rd = 0).

i
05 5 5 0.75209 0.75273

6 05 5 5 0.45236 0.45287

8 05 5 5 0.302874  0.30025

1.0 06 5 5 0.78536 0.78857

1.0 08 5 5 0.84287 0.84947

7. Conclusion

In the present study, we thoroughly

investigated the impact of radiation absorption
and diffusive heating on an MHD free convective
flow of a rotating Casson fluid in the presence of
chemical reaction and heat source. Our
comprehensive analysis yielded several crucial
findings, which we outline as follows.

= Anincrease in radiation absorption has been
found to progressively enhance fluid velocity
in our study. Conversely, we observed an
opposite trend with the diffusive heating
parameter.
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We found that the temperature increases
with higher values of both the radiation
absorption and diffusive heating parameters.

The resultant velocity decreases with
increasing values of the Casson fluid
parameter, angle of inclination, and magnetic
field parameters. Conversely, we noted
opposite behavior in the case of thermal and
mass Grashof numbers.

The fluid velocity decreases as the magnetic
parameter increases. A rise in the casson
parameter also results in a reduction in
velocity.

Hall current has a contrasting impact on the
preliminary liquid velocity than on the
secondary liquid velocity across the frontier
coating area.

We found that the concentration decreases
as the Schmidt number and chemical
reaction parameters increase.

Nomenclature

X,y Coordinate system

uw Velocity in x and z directions (m/s)

T Dimensional temperature of the fluid (K)
Too Temperature far away from the plate (K)
Tw Temperature near the plate (K)

C Dimensional concentration fluid (Kgm-3)
Cw Concentration near the plate (Kgm-3)

Coo Concentration from the plate (Kgm-3)

g Acceleration due to gravity (ms2)

k Permeability of porous medium (m?2)

Bo Applied magnetic field (A/m)

Cp Fluid heat at constant pressure (JKg-1)

B Magnetic field vector (A/m)

Bo Applied magnetic field (A/m)

qr Heat flux (W/m2)

E Electric field (c)

\Y Velocity vector (m/s)

] Current density vector (A/m?)

Gr Thermal Grashof number

Gm Mass Grashof number

Pr Prandtl number

R Rotation parameter

Se Schmidt number

Ec Eckert number

M Magnetic parameter

Q1 Radiation absorption parameter

Du Non dimensional Dufour number

Kr Chemical reaction parameter

T Skin friction coefficient

Nu Nusselt number

Sh Sherwood number

Greek Symbols

We Cyclotron frequency (e/mB)

A Casson parameter

Du Non dimensional Dufour number

Te Electron collision time (s)

o Electrical conductivity (sm-1)

W Angular velocity (r/s)

\Y Kinematic viscosity of the fluid (m2 s-1)
p Fluid density (Kgm-3)

[0 Non-dimensional concentration fluid

0 Non-dimensional temperature of the fluid
B Coefficient of thermal expansion (K-1)
B* Coefficient of mass expansion (m3 Kg-1)
Superscripts

*

Dimensional parameters
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