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An analytical interpretation of unsteady-free convective hydromagnetic boundary layers 
is given in this work. It illustrates the impacts of Dufour radiation of heat, along with 
chemical reactions on a Casson fluid flowing by an inclined oscillating plate, a uniform 
magnetic field, and a rotating porous medium. The governing equations that had been 
solved by utilising the Laplace transform approach and the outcomes are shown. The 
numerical values of Casson fluid temperature, concentration, and velocity at the plate 
are visually represented for a range of relevant parameter values. The non-Newtonian 
fluid, which moves at a faster speed than the Newtonian fluid, has a Casson fluid 
parameter, which is examined and explained in this study. Moreover, the temperature 
trend increases with the Dufour number (Df), heat generation parameter (Q), and the 
reverse trend for thermal radiation parameter (R), Pradtl number (Pr), Schmidt number 
(Sc), as well as chemical reaction parameter (K). The concentration falls as the chemical 
reaction parameter (K) and Schmidt number (Sc) rise. We looked at the sped-up flow 
after the investigation to get measurable data, making sure to take into account things 
like Cason fluid parameter, Dofour number, and accumulation. Grashof values also 
findings speed decreases with increased radiation, chemical reaction, and Schmidth 
parameter levels. Our significant contribution to this research is an in-depth study of 
rotation with an inclined oscillating plate, which investigates the relationships between 
rotational forces, oscillation frequency, plate inclination, magnetic fields, and non-
Newtonian features of Casson fluids. This work increases our understanding of how these 
parameters influence fluid behaviour, heat transfer, and mass transfer by offering a 
complete analytical framework that can be applied to a wide range of practical problems 
in fluids.In this research, my main contribution is rotation with an inclined oscillating 
plate. 
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1. Introduction 
 

Magnetohydrodynamic flows are used in many fields, such as geophysics, electrical power 
generation, and magnetohydrodynamics. This is why experimental and theoretical studies of them 
are so important in engineering and technology. There are numerous applications in both science 
and practice for the transfer of heat from various geometries that have been embedded in porous 
media. These consist of nuclear reactor cooling, packed-bed catalytic reactors, enhanced oil recovery, 
geothermal reservoirs, porous solid drying, thermal insulation, and subterranean energy transfer. 
Numerical simulations of linked radiation and convection processes are currently the focus of much 
research in radiative heat transfer. Because of its numerous technological applications, convective 
transfer of heat in the porous medium has received a lot of attention lately. For example, 
Soundalgekar et al.,'s study [1] evaluated the effects of MHD on a vertical infinite plate that 
underwent temperature fluctuations and transverse magnetic field effects. Chamkha et al., [2] 
examined the infinite vertical plate radiative free convection flow through a visually thin grey gas. 
The effects of radiation as well as chemical reactions on the MHD Casson fluid’s flow past a vertical 
plate that moves back and forth in porous medium had been assessed by Kataria and Patel [3]. 
Vijayaragavan et al., [4] conducted a study to find a theoretical solution for the heat along with mass 
transfer problem in MHD Casson fluid flow past a sloped porous plate during Dufour and with also 
chemical reactions. Kavitha et al., [5] reported that they investigated the impacts of uniform 
temperature along with the mass diffusion on a parabolic flow through a rotating isothermal plate 
during a chemical reaction. An MHD parabolic flow that travelled through an isothermal plate that 
was rotating and accelerating has also been assessed by Selvaraj et al., [6]. Naadakumar et al., [7] 
looked into the Soret and MHD effects of parabolic flow passing by a rapidly moving vertical plate. 
The plate was also rotating while chemical reactions and thermal radiation were going on. Selvaraj 
and Jothi [8] looked into how the heat source affected MHD and the radiation-absorbing fluid moving 
across a plate that was getting higher and higher and had a porous medium around it. According to 
Lakshmikaanth et al., [9] when radiation (R) goes up, the temperature goes down, but when heat 
source (Q) goes up, the temperature goes up as well. Maran et al., [10] led a group of researchers to 
investigate the transfer of mass and heat across a vertical plate during a chemical process or thermal 
diffusion. MHD did not govern convection flow. Aruna et al., [11] looked into the Hall as well as 
magnetic effects on a stream travelling past a vertical plate at a parabolically high speed in a different 
study. The heat was fluctuating, but the mass was dispersing uniformly as thermal radiation. When 
the flow was not steady, Radha et al., [12] examined the impacts of magnetohydrodynamics on 
Casson fluid flow past a parabolic accelerated vertical plate having thermal diffusion. The free 
convection effects on the vertical plate magnetohydrodynamic flow moving during a chemical 
reaction were examined by Muthucumaraswamy and Ganesan [13] and Muthucumaraswamy et al., 
[14]. Heat, along with transfer, effects of Hall and rotational phenomena, were studied in relation to 
magnetohydrodynamic flow over a vertically orientated plate experiencing exponential acceleration. 
Hetnarski [15,16] demonstrates how to use an algorithm to find the formulas for inverse Laplace 
transforms. The issue of the non-steady MHD flow Dufour effect passing through a vertical plate in 
porous medium by rising temperature has been examined and resolved by Sarma and Ahmed [17]. 
The radiation and also the heat effects on MHD and parabolic motion in Casson fluids flowing by a 
spinning porous medium on a vertical plate have been examined by Prakash and Selvaraj [18]. In a 
study by Reddy et al., [19] the effects of thermodynamics, spinning, and diffusion were investigated 
using computers to analyse the flow of a heat-generating MHD Casson fluid past a moving porous 
plate. The Soret and Dufour effects on MHD Casson Fluid Over a Vertical Plate in the existence of 
radiation along with the chemical reaction have been recognised and corrected by Reddy and 
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Janardhan [20]. The MHD nanofluid flow past a tilted plate and implications of Soret and Dufour were 
covered by Palani and Arutchelvi [21]. The effects of magnetohydrodynamics (MHD) on a vertical 
plate fired off infinitely and quickly while temperature changes in the horizontal magnetic field's 
existence were investigated in the studies by Kumar and Vempati [22] and Vempati and Laxmi-
Narayana-Gari [23]. Muthucumaraswamy and Radhakrishnan [24] and Muthucumaraswamy et al., 
[25] examined how chemical reactions affect flow past a vertical plate that is moving quickly, has 
mass diffusion, and varies in temperature in the magnetic field's existence. The effects of heat 
production and cross-diffusion on the mixed convective MHD flow of Casson fluid by a porous 
medium having non-linear thermal radiation were investigated by Patel [26]. In coumarin 3-(1-
methly-2-imiadazolythio)-1-oxoethly, Dhanalakshmi et al.,'s study [27] covered the molecules in 
addition to bond stability, kinetic stability, energy-related factors, and Gc-MS. Karthikeyan et al.,'s 
[28] and Karthikeyan and Selvaraj [29] examined the rotational effects of parabolic flow past an 
isothermal vertical plate using MHD. The Soret and Dufour effect on unsteady MHD convection flow 
over an infinite vertical porous plate was studied by Gayathri et al., [30]. In contrast to a rotating fluid 
with constant temperature along with the diffusion of mass, we examined the Dufour effects of an 
MHD Casson fluid flowing past an inclined oscillating plate, which accelerates exponentially in this 
paper. Kumar et al., [31,32] studied the Soret and Dufour's Influence on Unsteady MHD Oscillatory 
Casson Fluid Flow via an Inclined Vertical Porous Plate in the Presence of Chemical Reaction. also 
studied the value of heat and mass transfer in MHD flow over a vertical porous plate with chemical 
reaction and heat generation. Lakshmikaanth et al., [33,34] investigate the parabolic flow over an 
infinite vertical plate with rotation, chemical reaction, and radiation in the presence of the Hall Effect, 
Dufour Effect, and heat source in a porous medium. also find out Hall and heat source effects of flow 
state on a vertically accelerating plate in an isothermal environment, including chemical reactions, 
rotation, radiation, and the Dufour effect. Rafique et al., [35,36] solved the efficiency of the hall effect 
under different viscosity and slip circumstances on rotating hybrid nanofluid flow over a nonlinear 
radiative surface and solved the effects of heat radiation on unsteady bidirectional rotating 
stagnation point flow of nanofluid with aggregation of nanoparticles and variable viscosity. Adnan et 
al., [37] examined the heat feature of a radiative convective ternary nanofluid in the presence of a 
heat-generating source and an induced magnetic field. Khan et al., [38] investigated and solved the 
mass and heat transfer in the Riga plate's unstable stagnation point flow with impacts from thermal 
radiation and binary chemical reactions. Ganie et al., [39] find out the solution of the Yamada-Ota 
model for unstable non-axisymmetric MHD Homann stagnation point flow of CNT-suspended 
nanofluid over convective surfaces with radiation. This research looks at and clarifies the comparison 
to Newtonian fluids, Casson fluids tend to show higher velocities in specific situations, such as when 
a lower yield stress is present or when the applied force above the yield threshold. In contrast to 
Newtonian fluids, which preserve a linear relationship between stress and strain rate, this permits 
the non-Newtonian Casson fluid to move more freely in specific domains. 
 
2. Mathematical Formulation 
 

Imagine an unstable free hydromagnetic natural convective flow that moves mass and heat 
through an infinitely angled oscillating plate built in a rotating system where the fluid's Dufour effect 
and the Hall current with rotation are both taken into account. The fluid has optical thickening, 
electrical conductivity, viscosity, and incompressibility. The coordinate model which has been chosen 
in a way where 𝑥′ − axis is upward to the plate and 𝑦′ − The axis is perpendicular to plate. The fluid 
and plate which has been revolve along 𝑥′ − axis in with respect to the standardized angular velocity 
Ω. The fluid and plate which are initially rest at period along 𝑡′ ≤ 0 and have been then held at 
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T′uniform temp . Also, on plate surface, and at the any point which is inside the fluid, concentration 
of the species at C′∞ should be conserved uniformly. At the time 𝑡′ ≥ 0, plate statistics moving to 
their own planes at velocity 𝑜𝑓 𝑢′ = 𝑢0𝑐𝑜𝑠𝑤𝑡. Where 𝐵0  𝑖𝑠 𝑡ℎ𝑒 uniform transverse magnetic field 
which has been applied in a direction which is parallel to 𝑦′ − axis. The temperature of flow along 
with the concentration of species on surface of plate are upturned to a uniform temp. of about Tw

′  
and uniform species concentration Cw

′  and therefore maintained. The problem geometry has been 
represented in Figure 1. Under these conditions, the flow characteristics solely depend on 𝑦′ and t 

Plate temp is declined or rised to T′∞ + (T
′
𝑤 − T

′
∞)

𝑢0
2𝑡̅

𝑣
 at 𝑡̅  0 and concentration of plate is 

elevated or reduced to C′∞ + (C
′
𝑤 − C

′
∞)

𝑢0
2𝑡̅

𝑣
 at 𝑡̅  0. The rheological state equation for Casson 

fluid Cauchy stress tensor is represented as follows: 
 

𝜏𝑖𝑗= {
2𝑒𝑖𝑗 (𝜇𝐵 +

𝑝𝑦

√2𝜋
)  𝜋 > 𝜋𝑐

2𝑒𝑖𝑗 (𝜇𝐵 +
𝑝𝑦

√2𝜋𝑐
)  𝜋 < 𝜋𝑐

}           (1) 

 
The following equations govern the transient flow, taking into account these assumptions 
 

 
Fig. 1. Physical of model of problem 

 
∂u′

∂t′
− 2Ω′v′ = 𝜗 (1 +

1

𝛾
)
∂2u′

∂y′
2 + g𝛽T′(T

′ − T′∞)cosα + g𝛽C′(C
′ − C∞

′ )cosα −
𝜎𝐵0

2𝜇2(𝑢′+ℎ1𝑣
′)

𝜌(1+ℎ1
2)

 −
𝜗u′

𝑘1
′    (2) 

 
∂v′

 ∂t′
+ 2Ω′u′ = 𝜗

∂2v′

∂y′
2 −

𝜎𝐵0
2𝜇2(ℎ1𝑢

′−𝑣′)

𝜌(1+ℎ1
2)

−
𝜗𝑢′

𝑘1
′           (3) 

 
𝜕𝜃′

𝜕𝑡′
=

𝑘

𝜌𝐶𝑝

𝜕2𝜃′

𝜕𝑦′
2 −

1

𝜌𝐶𝑝

∂𝑞𝑟
′

 ∂𝑦′
+

𝑄0

𝜌𝐶𝑝
(T′ − T′∞)

′ +
𝐷𝑚𝐾𝑇

𝐶𝑠𝐶𝑝

𝜕2𝐶′

𝜕𝑦′
2        (4) 

 
∂C′

∂t′
=

1

𝑆𝑐

∂2C′

∂y′
2 − 𝑘′ (C

′ − C∞
′ )           (5) 
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Under the initial and boundary circumstances specified below 
  
u′ = 0, v′ = 0, T′ = T′∞,  C

′ = C∞
′ , for all z′ ≥ 0, t′ ≤ 0 

u′ = 𝑢0𝑐𝑜𝑠𝑤𝑡, T
′ = T′∞ + (Tw

′ − T′∞)
t′

𝑡0
, 𝐶′ = (C′w − C

′
∞) 

t′

𝑡0

u′ → 0, T′ → T∞
′ , C′ → C∞

′  as z′ → ∞ and t′ ≥ 0 }
 

 
       (6) 

 
Since our Casson fluid is optically thick, we can apply the Rosseland approximation [26] 
 
𝜕𝑞𝑟 

𝜕𝑧′
 = −4𝑎∗(𝑇′∞

4
− 𝑇′

4
)            (7) 

 
It is considered that there are enough slight temperature variations within the flow, such as 𝑇′-4. 

They could be described as a temperature function that is linear. To achieve this, the Taylor series 
about, T′∞ is expanded, 𝑇′4, while higher-order terms are ignored. 
 

𝑇′
4
≅ 4𝑇′∞

3
 𝑇′ − 3𝑇′∞

4
            (8) 

 
Consequent dimensionless aggregate is 
 

𝑈 =
𝑢′

𝑈0
, 𝑉 =

𝑣′

𝑈0
, 𝑡 =

𝑡′

𝑡0
, 𝑦 =

𝑦′

𝑈0𝑡0
, 𝛾 =

𝜇𝐵√2𝜋𝑐

𝑃𝑦

=
𝑇′−𝑇∞

′

𝑇𝑤
′ −𝑇∞

′ , 𝐺𝑟 =
𝑔𝛽(𝑇𝑤

′ −𝑇∞
′ )

𝑢0
, 𝐶 =

𝐶′−𝐶∞
′

𝐶𝑤
′ −𝐶∞

′ , 𝐺𝐶 =
𝑔𝛽(𝐶′−𝐶∞

′ )

𝐶𝑤
′ −𝐶∞

′ , 𝑄 =
𝑄0𝑣

2

𝑘𝑈0
2

𝑃𝑟 =
𝜇𝐶𝑝

𝑘
 , 𝐾 =

𝑣𝑘1

𝑈0
2 , 𝑆𝑐 =

𝑣

𝐷
, 𝑀2 =

𝜎𝐵0
2

𝜌𝑈0
2 𝑣, 𝑅 =

16𝑎∗ 𝑇′∞
3

𝑘𝑈0
2 }

 
 

 
 

       (9) 

 
Substituting values from Eq. (6) and Eq. (7) in Eq. (3) and in Eq. (1) to Eq. (4) and then we will get 

the non-dimensional equations are 
 
𝜕𝑈

𝜕𝑡
= (1 +

1

𝛾
)
𝜕2𝑈

𝜕𝑦2
+ 2Ωv −

𝑀2(𝑈+ℎ𝑉)

(1+ℎ2)
+ 𝐺𝑟𝜃(𝑐𝑜𝑠𝛼) + 𝐺𝑐𝐶(𝑐𝑜𝑠𝛼) −

𝑈

𝑘1
                (10) 

 
𝜕𝑉

𝜕𝑡
= (1 +

1

𝛾
)
𝜕2𝑉

𝜕𝑦2
− 2Ωv +

𝑀2(ℎ𝑈−𝑉)

(1+ℎ2)
−

𝑉

𝑘1
                    (11) 

 
𝜕𝜃

𝜕𝑡
=

1

𝑃𝑟

𝜕2𝜃

𝜕𝑦2
− 𝑅𝜃 + 𝑄𝜃 + 𝐷𝑓

𝜕2𝐶

𝜕𝑧2
                     (12) 

 
𝜕𝐶

𝜕𝑡
=

1

𝑆𝑐

𝜕2𝐶

𝜕𝑦2
− 𝐾𝐶                       (13) 

 
To solve Eq. (1) and Eq. (2), use 𝑞′ = 𝑈 + 𝑖𝑉 we get 
 
𝜕𝑞′

𝜕𝑡
= 𝐺𝑟𝜃𝑐𝑜𝑠(𝛼) + 𝐺𝐶𝐶 cos(𝛼) + (1 +

1

𝛾
)
𝜕2𝑞

𝜕𝑦2
−𝑚∗𝑞′                  (14) 

 
𝜕𝜃

𝜕𝑡
=

1

𝑃𝑟

𝜕2𝜃

𝜕𝑦2
− 𝑅𝜃 + 𝑄𝜃 + 𝐷𝑓

𝜕2𝐶

𝜕𝑦2
                     (15) 
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𝜕𝐶

𝜕𝑡
=

1

𝑆𝑐

𝜕2𝐶

𝜕𝑦2
− 𝐾𝐶                       (16) 

 

Here 𝑚∗ = 2 [
𝑀2

ℎ2+1
+ 𝑖 (Ω −

𝑀2ℎ

1+ℎ2
)] +

1

𝑘1
. 

 
Corresponding initial and boundary conditions are 
 
𝑞′ = 0, 𝜃 = 0, 𝐶 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑦 𝑎𝑛𝑑 𝑡 ≤ 0

𝑞′ = 𝑐𝑜𝑠𝑤𝑡, 𝜃 = 1, 𝐶 = 1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑦 𝑎𝑛𝑑 𝑡 ≤ 0

𝑞′ → 0, 𝜃 → 0, 𝐶 → 0 𝑎𝑠 𝑦 → ∞
}                   (17) 

 
3. Mathematical Solution of the Problem 
 

Eq. (14), Eq. (15), and Eq. (16) contain dimensionless administering conditions and corresponding 
beginning and limit conditions. These equations can be solved using Laplace transforms. After 
lLpalace inverse transform, The solutions are obtained using the subsequent procedure. 
 

𝐶 =
1

2
[𝑒−2𝜂√𝑆𝑐𝐾𝑡 𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 − √𝐾𝑡) + 𝑒2𝜂√𝑆𝑐𝐾𝑡 𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 + √𝐾𝑡)]                (18) 

 

𝜃 = 𝜃1 +
𝑃𝑟𝐷𝑓𝑆𝑐

(𝑆𝑐−𝑃𝑟)
(
𝑎+𝐾

𝑎
) [𝜃2 + 𝜃3]+

𝑃𝑟𝐷𝑓𝑆𝑐

(𝑆𝑐−𝑃𝑟)

𝐾

𝑎
 [𝜃5 + 𝜃6]                  (19) 

 
Here 
 

𝜃1 =
1

2
[
𝑒−2𝜂√𝑃𝑟(𝑅−𝑄)𝑡 𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 − √(𝑅 − 𝑄)𝑡)

+𝑒2𝜂√𝑃𝑟(𝑅−𝑄)𝑡 𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √(𝑅 − 𝑄)𝑡)
]  

 

𝜃2 =
𝑒𝑎𝑡

2
[
𝑒−2𝜂√𝑃𝑟(𝑎+𝑅−𝑄)𝑡 𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 − √(𝑎 + 𝑅 − 𝑄)𝑡)

+𝑒2𝜂√𝑃𝑟(𝑎+𝑅−𝑄)𝑡 𝑒𝑟𝑓𝑐𝜂√𝑃𝑟 + √(𝑎 + 𝑅 − 𝑄)𝑡
]  

 

𝜃3 =
𝑒𝑎𝑡

2
[
𝑒−2𝜂√𝑆𝑐(𝑎+𝐾)𝑡 𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 −√(𝑎 + 𝐾)𝑡)

+𝑒2𝜂√𝑆𝑐(𝑎+𝐾)𝑡 𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 +√(𝑎 + 𝐾)𝑡)
]  

 

𝜃4 =
1

2
[𝑒−2𝜂√𝑆𝑐𝐾𝑡 𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 − √𝐾𝑡) + 𝑒

2𝜂√𝑆𝑐𝐾𝑡  𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 + √𝐾𝑡)]  

 

𝜃5 =
1

2
[
𝑒−2𝜂√𝑃𝑟(𝑅−𝑄)𝑡 𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 − √(𝑅 − 𝑄)𝑡)

+𝑒2𝜂√𝑃𝑟(𝑅−𝑄)𝑡 𝑒𝑟𝑓𝑐𝜂√𝑃𝑟 + √(𝑅 − 𝑄)𝑡
]  

 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 124, Issue 1 (2024) 111-127 

117 
 

𝑞′ = 𝑓1 + 𝑓2 +

𝐺𝑟(𝑐𝑜𝑠𝛼)

𝑎1
[
𝑓3 − 𝑓4 +

𝑃𝑟𝐷𝑓𝑆𝑐

𝑆𝑐−𝑃𝑟
(
𝑘+𝑎

𝑎
) {

1

𝑎−𝑐1
(𝑓5 − 𝑓6 − 𝑓7 + 𝑓8) −

1

𝑎−𝑑
(𝑓9 − 𝑓10 − 𝑓11 + 𝑓12)}

+
𝑃𝑟𝐷𝑓𝑆𝑐

𝑆𝑐−𝑃𝑟
(
𝑘

𝑎
) {

1

𝑑
(−𝑓13 + 𝑓14 + 𝑓15 − 𝑓16) −

1

𝑐1
(−𝑓17 + 𝑓18 + 𝑓19 − 𝑓20)}

] +

𝐺𝑐(𝑐𝑜𝑠𝛼)

𝑎1𝑏
[𝑓21 − 𝑓22 − 𝑓23 + 𝑓24]                     (20) 

 

𝑓1=
𝑒−𝑖𝑤𝑡

4

[
 
 
 
 𝑒

−2𝜂√
(𝑚−𝑖𝑤)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (
𝜂

√𝑎1
−√(𝑚 − 𝑖𝑤)𝑡) 

+𝑒
2𝜂√

(𝑚−𝑖𝑤)𝑡

𝑎1 𝑎1𝑒𝑟𝑓𝑐 (
𝜂

√𝑎1
−√(𝑚 − 𝑖𝑤)𝑡)]

 
 
 
 

  

 

𝑓2 =
𝑒𝑖𝑤𝑡

4

[
 
 
 
 𝑒

−2𝜂√
(𝑚+𝑖𝑤)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (
𝜂

√𝑎1
−√(𝑚 + 𝑖𝑤)𝑡)

+𝑒
2𝜂√

(𝑚−𝑖𝑤)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (
𝜂

√𝑎1
+√(𝑚 + 𝑖𝑤)𝑡)]

 
 
 
 

  

 

𝑓3 =
𝑒𝑐1𝑡

2
[𝑒
−2𝜂√

(𝑚+𝑐1)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 − √
(𝑚+𝑐1)𝑡

𝑎1
) + 𝑒

2𝜂√
(𝑚+𝑐1)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 + √
(𝑚+𝑐1)𝑡

𝑎1
)]  

 

𝑓4 = 𝑓8 = 𝑓20 =
𝑒𝑐1𝑡

2
[
𝑒−2𝜂√𝑃𝑟(𝑅+𝑐1−𝑄)𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 − √(𝑅 + 𝑐1 − 𝑄)𝑡)

+𝑒2𝜂√𝑃𝑟(𝑅+𝑐1−𝑄)𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 + √(𝑅 + 𝑐1 −𝑄)𝑡)
]  

 

𝑓5 =
𝑒𝑎𝑡

2
[𝑒
−2𝜂√

(𝑚+𝑎)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 − √
(𝑚+𝑎)𝑡

𝑎1
) + 𝑒

2𝜂√
(𝑚+𝑎)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 + √
(𝑚+𝑎)𝑡

𝑎1
)]  

 

𝑓6 = 𝑓18 =
𝑒𝑐1𝑡

2
[𝑒
−2𝜂√

(𝑚+𝑐1)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 − √
(𝑚+𝑐1)𝑡

𝑎1
) + 𝑒

2𝜂√
(𝑚+𝑐1)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 + √
(𝑚+𝑐1)𝑡

𝑎1
)]  

 

𝑓7 =
𝑒𝑎𝑡

2
[
𝑒−2𝜂√𝑃𝑟(𝑅+𝑎−𝑄)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 − √(𝑅 + 𝑎 − 𝑄)𝑡)

+𝑒2𝜂√𝑃𝑟(𝑅+𝑎−𝑄)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √(𝑅 + 𝑎 − 𝑄)𝑡)
]  

 

𝑓9 =
𝑒𝑎𝑡

2
[𝑒
−2𝜂√

(𝑚+𝑎)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 − √
(𝑚+𝑎)𝑡

𝑎1
) + 𝑒

2𝜂√
(𝑚+𝑎)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 + √
(𝑚+𝑎)𝑡

𝑎1
)]  

 

𝑓10 =
𝑒𝑑𝑡

2
[𝑒
−2𝜂√

(𝑚+𝑑)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 − √
(𝑚+𝑑)𝑡

𝑎1
) + 𝑒

2𝜂√
(𝑚+𝑑)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 + √
(𝑚+𝑑)𝑡

𝑎1
)]  

 

𝑓11 =
𝑒𝑎𝑡

2
[
𝑒−2𝜂√𝑆𝑐(𝑎+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 − √(𝑎 + 𝑘)𝑡)

+𝑒2𝜂√𝑆𝑐(𝑎+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 + √(𝑎 + 𝑘)𝑡)
]  

 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 124, Issue 1 (2024) 111-127 

118 
 

𝑓12 =
𝑒𝑑𝑡

2
[
𝑒−2𝜂√𝑆𝑐(𝑑+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 − √(𝑑 + 𝑘)𝑡)

+𝑒2𝜂√𝑆𝑐(𝑑+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 + √(𝑑 + 𝑘)𝑡)
]  

 

𝑓13 =
1

2
[𝑒
−2𝜂√

𝑚𝑡

𝑎1𝑒𝑟𝑓𝑐 (𝜂 − √
𝑚𝑡

𝑎1
) + 𝑒

2𝜂√
𝑚𝑡

𝑎1𝑒𝑟𝑓𝑐 (𝜂 + √
𝑚𝑡

𝑎1
)]  

 

𝑓14 =
𝑒𝑑𝑡

2
[𝑒
−2𝜂√

(𝑚+𝑑)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 − √
(𝑚+𝑑)𝑡

𝑎1
) + 𝑒

2𝜂√
(𝑚+𝑑)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 + √
(𝑚+𝑑)𝑡

𝑎1
)]  

 

𝑓15 = 𝑓24 =
1

2
[𝑒−2𝜂√𝑆𝑐𝑘𝑡𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 − √𝑘𝑡) + 𝑒2𝜂√𝑆𝑐𝑘𝑡𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 + √𝑘𝑡)]  

 

𝑓16 =
𝑒𝑑𝑡

2
[𝑒−2𝜂√𝑆𝑐(𝑑+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 − √(𝑑 + 𝑘)𝑡) + 𝑒2𝜂√𝑆𝑐(𝑑+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 + √(𝑑 + 𝑘)𝑡)]  

 

𝑓17 =
1

2
[𝑒
−2𝜂√

𝑚𝑡

𝑎1𝑒𝑟𝑓𝑐 (𝜂 − √
𝑚𝑡

𝑎1
) + 𝑒

2𝜂√
𝑚𝑡

𝑎1𝑒𝑟𝑓𝑐 (𝜂 + √
𝑚𝑡

𝑎1
)]  

 

𝑓19 =
1

2
[
𝑒−2𝜂√𝑃𝑟(𝑅−𝑄)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 − √(𝑅 − 𝑄)𝑡)

+𝑒2𝜂√𝑃𝑟(𝑅−𝑄)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √(𝑅 − 𝑄)𝑡)
]  

 

𝑓21 =
𝑒𝑏𝑡

2
[𝑒
−2𝜂√

(𝑚+𝑏)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 − √
(𝑚+𝑏)𝑡

𝑎1
) + 𝑒

2𝜂√
(𝑚+𝑏)𝑡

𝑎1 𝑒𝑟𝑓𝑐 (𝜂 + √
(𝑚+𝑏)𝑡

𝑎1
)]  

 

𝑓22 =
1

2
[𝑒
−2𝜂√

𝑚𝑡

𝑎1𝑒𝑟𝑓𝑐 (𝜂 − √
𝑚𝑡

𝑎1
) + 𝑒

2𝜂√
𝑚𝑡

𝑎1𝑒𝑟𝑓𝑐 (𝜂 + √
𝑚𝑡

𝑎1
)]  

 

𝑓23 =
𝑒𝑏𝑡

2
[
𝑒−2𝜂√𝑆𝑐(𝑏+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 − √(𝑏 + 𝑘)𝑡)

+𝑒2𝜂√𝑆𝑐(𝑏+𝑘)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑆𝑐 + √(𝑏 + 𝑘)𝑡)
]  

 

𝑒𝑟𝑓𝑐(𝑎 + 𝑖𝑏) = erf(𝑎) +
exp(−𝑎2)

2𝑎𝜋
[1 − cos(2𝑎𝑏) + 𝑖𝑠𝑖𝑛(2𝑎𝑏)] +

2 exp(−𝑎2)

𝜋
∑

exp(−
𝜂2

4
)

𝜂2+4𝑎2
∞
𝑛=1 [𝑓𝑛(𝑎, 𝑏) + 𝑖𝑔𝑛(𝑎, 𝑏)]+∈ (𝑎, 𝑏)  

 
𝑓𝑛 = 2𝑎 − 2 acosh(𝑛𝑏) cos(2𝑎𝑏) + 𝑛𝑠𝑖𝑛ℎ(𝑛𝑏) sin(2𝑎𝑏), and 
 
𝑔𝑛 = 2acosh(𝑛𝑏) sin(2𝑎𝑏) + 𝑛𝑠𝑖𝑛ℎ(𝑛𝑏) cos(2𝑎𝑏)  
 
|𝜖(𝑎, 𝑏)| ≈≈ 10−16|erf(𝑎 + 𝑖𝑏)| 
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4. Results and Discussions 
 

We will examine some numerical values that illustrate the impact of different non-dimensional 
flow characteristics on the speed (q'), concentration (C), and temperature (θ) as they are plotted 
against the boundary layer coordinate (𝜂) in Figure 2 through Figure 20. The aforementioned 
numerical values comprise the magnetic parameter (M), chemical reaction parameter (K), rotation 
parameter (R), heat absorption coefficientn (Q), Dufour number (Df), Casson fluid parameter (𝛾), time 
t, Schmidt number (Sc), Grashof numbe(Gr) and permeability parameter (k1). 

In Figure 2, the concentration (conc) increases with time ttt, particularly for a range of Schmidt 
numbers Sc=0.1 to 1000. The Schmidt number Sc represents the ratio of momentum diffusivity to 
mass diffusivity, and for lower Sc diffusion dominates. As time progresses, particles have more time 
to diffuse, which results in an increase in concentration, especially for lower Schmidt numbers, where 
mass diffusion is more significant. In Figure 3, the concentration decreases with increasing values of 
the chemical reaction parameter K. This shows that higher chemical reaction rates lead to a faster 
depletion of species, reducing the concentration. A strong chemical reaction enhances the 
consumption of the diffusing species, leading to a decrease in concentration as K increases. 
 

 

 

 
Fig. 2. Concentration curves noted for various 
values of t and Sc=2.01, K=0.5 

 Fig. 3. Concentration curves noted for various 
values of K and t=0.2, Sc=2.01 

 
Figure 4 illustrates the outcome using different Schmidt numbers. It is possible to see that the 

divided concentration increases when the Schmidt value is taken to be high. Figure 5 illustrates how 
the temperature drops as the Pr (Pr= 0.71 for air and Pr=7 for water) values rise. Schmidt number is 
seen to increase in Figure 6, suggesting an initial capacity of temperature to increase (Range of 
Schimdt number Range Sc=0.1 to 1000 for liquid). However, the temperature fluctuates after that, 
indicating a shift in the pattern and a fall in warmth at times. Figure 7 illustrates the profile of 
temperature showing that the Thermal radiation parameter R goes up, and the temperature goes 
down. 
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Fig. 4. Concentration profile for various 
values of Sc and t-0.2, k-10 

 Fig. 5. Temperature Profiles for several 
values of Pr and Sc=0.6, R=5, Q=1, K=1, Df=1, 
t=0.2 

 

 

 

 
Fig. 6. Temperature profile for multiple of 
Sc and R=5, Q=1, K=1, Df=1, t=0.2, Pr=0.71 

 Fig. 7. Temperature Profiles for multiple 
values of Chemical Reaction K and Pr=0.71, 
Sc=0.6, Q=1, K=1, Df=1, t=0.2 

 
Figure 8 demonstrates that as the value of temperature falls, the values of chemical reactions K 

rise. Figure 9 displays the temp behavior for times t = 0.1, 0.2 and 0.3. The fluid's reaction to 
temp.variations becomes increasingly obvious over time. With time, the temperature rises. We can 
examine the heat behavior in Figure 10 in greater detail by taking into account the thermal diffusion 
(Dufour) numbers (Df = 0.1, 1, 2). Generally speaking, an increase in the Dufour parameter indicates 
a stronger Dufour effect and a greater impact of concentration gradients on the mixture's 
temperature distribution. As a result, which depends on details along with direction of the Dufour 
effect, temperatures may rise or fall. The relationship between temperature and the heat generation 
parameter Q values has been depicted Figure 11. 
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Fig. 8. Temperature profiles of various 
Chemical Reaction ‘K’ and Pr=0.71, Sc=0.6, 
R=2, Q=1, Df=1, t=0.2” 

 Fig. 9. Temperature Curves for various 
values of t and Pr=0.7, Sc=0.6, R=6, Q=1, 
K=5, Df=1 

 

 

 

 
Fig. 10. Temperature profile for various 
Values of Df and Pr=0.71, Sc=0.6, R=6, 
Q=0.1, K=5, t=0.2 

 Fig. 11. Temperature profile for various 
values of Q and Pr=0.71, Sc=0.16, R=6, K=5, 
Df=1, t=0.2 

 
In Figure 12, It has been found that velocity rises as Prandtl no. values rise. In Figure 13, it was 

observed that the magnetic field's impact on fluid motion is measured using Hartmann values, which 
specifically gauge the reduction of velocity variations owing to the Lorentz force of the magnetic field. 
However, these values do not directly dictate the speed or orientation of the velocity. Figure 14, 
illustrates the speed for thermal diffusion values (Df = 0.2, 0.3, 0.4), It is clear that when the Dufour 
no. rises, the fastest speed is attained. Figure 15 displays the plate's velocity contours at many 
Schmidt values. (0.1, 0.3, and 0.6 for Sc). As speed increases, a plate's Schmidt no. decreases. 
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Fig. 12. Velocity profile for various values of 
and Gr=5, Gc=2, Pr=0.71, Sc=0.6, M=10, R=5, 
Q=1, 𝛾=0.5, K=0.5, Df=0.2, h=1.5, t=0.1, Ω=0.5, 
w=30, k1=0.4 

 Fig. 13. Velocity profile for various values of 
M and Gr=5, Gc=2, Pr=7 Sc=0.6, M=10, R=5.0, 
Q=1.0, 𝛾=0.5, K=0.5, Df=0.2, h=1.5, t=0.1, 
w=30, Ω=0.5, k1=0.4 

 

 

 

 
Fig. 14. Velocity Profile for various values of 
Df and =5, Gc=10, Pr=7, Sc=0.1 ,M=10, R=5, 
Q=1, 𝛾 = 0.5, K=0.5, Df=0.1, h=1.5, t=0.1 
w=30, Ω =0.5, k1=0.4 

 Fig. 15. Velocity for distinct values of Sc and 
Gr=5, Gc=10, Pr=7, M=10, R=5, Q=1, 𝛾 = 0.5, 
K=0.5, Df=0.1, h=1.5, t=0.1 w=30, Ω =0.5, 
k1=0.4 

 
Figure 16 and Figure 17 shows the plate's velocity contours, where an increase in velocity is 

associated with a rise in the Grashof number (Gr). This suggests that buoyancy forces have a 
significant impact on enhancing the fluid's velocity near the plate and Figure 18 illustrates how the 
velocity of the plate decreases as the thermal radiation parameter (R) increases. This shows that 
increased thermal radiation reduces the fluid's velocity, potentially due to the reduction in heat 
transfer efficiency. Figure 19 demonstrates that the velocity also decreases as the chemical reaction 
parameter (K) increases. This highlights the suppressive effects of chemical reactions on fluid motion, 
likely due to changes in species concentration affecting the overall flow dynamics. 
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Fig. 16. Velocity profile for various values 
of Gr and Gc=10, Pr=7, Sc=0.1, M=10, 
R=5, Q=1, 𝛾 = 0.5, K=0.5, Df=0.1, h=1.5, 
t=0.1 w=30, Ω=0.5, k1=0.4 

 Fig. 17. Velocity profile for various 
values of Gc and Gr=10, Pr=7, Sc=0.1, 
M=10, R=5, Q=1,𝛾 = 0.5, K=0.5, Df=0.1, 
h=1.5, t=0.1 w=30, Ω=0.5, k1=0.4 

 

 

 

 
Fig. 18. Velocity profile for various values 
of R and Gc=10, Gr=10, Pr=7, Sc=0.1, 
M=10, R=5, Q=1, 𝛾 = 0.5, K=0.5, Df=0.1, 
h=1.5, t=0.1 w=30, Ω=0.5, k1=0.4 

 Fig. 19. Velocity profile for various values 
of K and Gc=10, Gr=10, Pr=7, Sc=0.1, M=10, 
R=5, Q=1, 𝛾 = 0.5, K=0.5, Df=0.1, h=1.5, 
t=0.1 w=30, Ω=0.5, k1=0.4 

 
Figure 20 illustrate how the plate's velocity reaches peak performance as the Casson fluid 

parameter values increase, we can visualize this through a graph. A Casson fluid behaves more like a 
solid under low shear stress but flows like a fluid under higher shear stress. 
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Fig. 20. Velocity graph for various values of 𝛾 and 
Gc=10, Gr=10, Pr=7, Sc=0.1, M=10, R=5, Q=1, K=0.5, 
Df=0.1, h=1.5, t=0.1 w=30, Ω=0.5, k1=0.4 

 

Where 𝑚∗ = 2 [
𝑀2

1+ℎ2
+ 𝑖 (Ω −

𝑀2ℎ

1+ℎ2
)] +

1

𝑘1
, a = (

𝑃𝑟(𝑅−𝑄)−𝑆𝑐𝐾

𝑃𝑟−𝑆𝑐
),  𝑎1 = 1 +

1

𝛾
, 𝜂 =

𝑦

2√𝑡
, 𝑏 =

𝑚∗+𝐾𝑆𝑐𝑎1

𝑎1 𝑆𝑐−1
, 𝑐 =

𝑎1𝑃𝑟(𝑅−𝑄)

1−𝑎1𝑃𝑟
, 𝑑 =

𝑆𝑐 𝐾𝑎1−𝑚
∗

1−𝑆𝑐 𝑎1
, erfc – Complementary error function 

 
5. Conclusion 
 

This research explores the interaction between rotational and Dufour effects on 
magnetohydrodynamic (MHD) Casson fluid flows, taking into account thermal radiation and chemical 
reactions at constant temperature and concentration. The study employs Laplace transforms to gain 
a deeper understanding of the governing equations and to interpret their fundamental behavior. 
Graphical representations are used to visualize and emphasize the findings. Here’s a summary of the 
key results and trends observed 

i. Effects on Temperature and Concentration Profiles: 
As heat generation (Q) and time (t) increase, the temperature profile rises, contributing 

to a higher Dufour number (Df) also the Schmidt number (Sc) and Prandtl number (Pr) affect 
the concentration and temperature profiles, respectively and their increasing values may 
lead to a reversal in trends observed for these profiles. 

The radiation parameter (R) and thermal conductivity (K) also interact with other 
parameters, influencing the temperature profile and potentially causing reversed trends 
depending on their magnitudes. 

 
ii. Effects on Velocity Profiles: 

An increase in magnetic parameter, thermal conductivity, Schmidt number, radiation 
parameter, and Prandtl number results in a decrease in fluid speed due to enhanced resistive 
forces or more stabilized fluids. Simultaneously, these changes can lead to a more significant 
Dufour effect and Caason fluid parameter reflecting increased importance of velocity 
profiles. 

Overall ,the research highlights interactions among various parameters affecting the 
MHD Casson fluid flow. Increasing certain parameters can stabilize or resist fluid motion, 
leading to decreased speed and enhanced Dufour effects. Conversely, these changes can also 
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lead to reversed trends in temperature and concentration profiles, demonstrating the 
intricate balance of forces in such fluid systems. 
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