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MHD parabolic flow past an accelerating vertical plate with a uniform temperature has 
been studied in this paper using both the constant mass diffusion and the Soret effect of 
rotational action. The fluid in question is a grey Newtonian fluid that conducts electricity, 
can't be compressed, absorbs and emits light, and absorbs and emits light. The speed, 
temperature, and concentration curves have been solved using the Laplace transform 
method. The graphs that demonstrate how several parameters, such as the thermal 
Grashof, Prandtl, mass Grashof, Soret, and Schmidt number, together with the magnetic 
field time, and the acceleration parameter, are employed in the equations were created 
using the MATLAB R2020a software. The speed is likely to rise as mass Grashof or hot 
Grashof numbers do. It has also been demonstrated that speed elevates as the strength 
of the magnetic field drops. Soret effect works in enormous way due to its productive 
and significant applications in the field of science. 
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1. Introduction 
 

Due to the vast range of fields in which it may be used, the research of magnetic field on viscous, 
electrically conducting fluid incompressible flow has piqued the attention of several researchers. In 
the fields of agriculture, the petroleum industry, geophysics, and astrophysics, MHD is crucial. The 
research of the electrically conducting fluids’ motion under a magnetic field is known as MHD 
(magnetic hydrodynamics). This research focuses on the examination of interactions among magnetic 
fields and electrically conducting fluids, including liquid metals, electrolytes, plasma, etc. 

Thermal diffusion, sometimes referred to as the Soret effect, is the transferring of mass process 
that results from the combined impacts of concentration and temperature gradients. Charles Soret 
conducted the first experimental research on thermal diffusion impact on the transferring of mass 
Connected concerns in 1879. Research conducted by Reddy et al., [1] focused on a vertical porous 
plate that was unlimited in size and included a suction that could be adjusted. Maran et al., [2] 
worked on the impact of the transfer of mass as well as the heat on the unstable flow of convection 
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that is MHD free over a vertical plate containing a thermal diffusion or chemical reaction. The 
researchers Devi and Raj [3] investigated the various effects of thermal diffusion on an irregular 
hydromagnetic free convection flow. This flow involved the transmission of mass and heat in a slip 
flow regime through a sliding vertical plate. In current study of MHD variable suction free convective 
flow across an infinite vertical porous plate that has been conducted by Mythreye and Balamurugan 
[4], both the Soret effect along with the Chemical reaction were taken into consideration. The effect 
of Soret on MHD free convective flow was discussed by Bhavana et al., [5] in their research, using a 
vertical plate through a heat source as the test subject. Aruna et al., [6] worked on magnetic fields 
effect and hall effects on flow through a parabolically accelerated vertical plate when heat radiation 
was present. Selvaraj and Jothi [7] investigated the heat source’s effect on MHD as well as the 
radiation absorption fluid across an increasingly vertical plate that was surrounded by a porous 
medium. 

Soundalgekar [8] and Vidhya et al., [9] examined the impacts of MHD on spontaneously initiated 
vertical infinite plate having a change of temperature when there is the existence of transverse 
magnetic field. The researchers Soundalgekar [10] also investigated how a fluid's flow which was 
electrically conducting was impacted during transverse magnetic field that is given to fluid via a 
spontaneously started infinite isothermal vertical plate. Habibishandiz and Saghir [11] and Jose et al., 
[12] explained the method of Laplace transform was utilised in order to find solutions to the 
dimensionless governing equations. The research conducted by Amar et al., [13] looked at the 
optically thin grey gas radiative free convection flow that occurred across a semi-infinite vertical 
plate. Jose and Selvaraj [14] performed research on the various consequences of rotating effects of 
parabolically flow past on a vertical plate that was undergoing a chemical reaction at the convective 
transfer of mass and heat. Lakshmikaanth et al., [15] finds an escalation in radiation 'R' leads to a 
reduction in temperature, whereas a higher heat source 'Q' results in an elevation in temperature. 
Lakshmikaanth et al., [16] reported that increasing radiation 'R', rotation 'w', and MHD parameter 
‘M’ leads to a reduction in velocity, while rising Grashof 'Gc', 'Gr', Hall Current, and heat source 'Q' 
result in increased velocity effects of Rotation on MHD stream accelerated isothermal perpendicular 
plate with warmth and mass dispersion had been focused by Muthucumaraswamy et al., [17]. 
Muthucumaraswamy et al., [18] emphasized on the impact of rotation on the MHD stream flowing 
through an accelerating perpendicular plate in their research. Selvaraj et al., [19] investigated MHD 
Parabolic flow, including mass and heat diffusion and rotation, over an accelerating isothermal 
vertical plate. In their study, Gowri and Selvaraj [20] and Bafakeeh et al., [21] looked into the 
rotational impacts of an unsteady MHD-parabolic flow on a vertical plate in a porous medium with 
temperature and mass diffusions that were constant throughout. A. Selvaraj and Constance Angela 
conducted research into the effect that Dufour and Hall have on MHD flow by using an exponentially 
accelerated vertical plate [22]. Amar et al., [13] and Goud and Reddy [23] explored the effect of the 
Dufour principle on unstable free convection MHD flow by employing a porous material and an 
exponentially accelerating plate in their experimentation. The current study focuses on the Soret 
effect as it relates to the MHD convective heat and mass transfer flow of an irregularly shaped viscous 
incompressible electrically conducting fluid through a vertical plate while the plate is rotating which 
is explained by Kumar et al., [24]. Vance et al., [25] and Goud et al., [26] included the effects of 
thermal radiation and chemical reaction. The Soret effect, for instance, has been utilized for isotope 
separation and in mixture between gases with very light molecular weight and of medium molecular 
weight. The Soret and Dufour effects are encountered in many practical applications such as in the 
areas of geosciences, and chemical engineering. Soret Dufour and radiation effect on MHD flows 
arise in many areas of engineering and applied physics. The study of such flow has application in MHD 
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generators, chemical engineering, nuclear reactors, geothermal energy, reservoir, engineering and 
astrophysical studies. 
 
2. Mathematical Formulation 
 

In this article, flow of an unpredictable viscous incompressible fluid was therefore considered. 
The taken plate cannot conduct electricity. The y-axis is placed perpendicular to the x-axis and 
vertically along the plate as shown in Figure 1. The rotating plate is surrounded by a homogeneous, 
B0 magnetic field. Initial conditions include the fluid being at the same concentration,  C∞ , and the 
plate being at the same temperature,  T∞. The plate starts to travel vertically in its own plane at time 

t > 0 with velocity u = u0t′2
. The fluid is heated to a higher temperature of, T′w while the fluid 

concentration is raised to, C∞
′ .  

 

 
Fig. 1. Geometry of the problem 

 
Following are the governing equations using the standard Boussinesq's approximations. 
 
∂u′

∂t′ − 2Ω′v′ = gβ(T′ − T′
∞) + gβ(C′ − C∞

′ ) + v′ ∂2u′

∂y′2 −
σB0

2

ρ
u′       (1) 

 
 ∂v′

∂t′
+ 2Ω′u′ =

∂2v′

∂y′2 −
σB0

2

ρ
v′            (2) 

 
∂T

∂t′ =
k

ρCp

∂2T

∂y′2  − 
∂2qr

∂y′2             (3) 

 

ρCp
∂C′

∂t′ = Dm
∂2C′

∂y′2 +  
DmKT

Tmv

∂2T

∂y′2           (4) 
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When initial and boundary conditions are present 
 
u′ = 0, T′ = T′

∞, C′ = C∞
′ , for all  y′, t′ ≤ 0

t′ > 0:  u′ = u0t′2
, T′ = Tw

′ ,  C′ = Cw
′   at  y′ = 0

u′ = 0, T′ → T∞
′ , C′ → C∞

′   as  y′ → ∞

         (5) 

 
On suggesting the subsequent dimensionless quantities 
 

U =
u′

u0
 ,   V =

v′

u0
, t =  

t′u0
2

v
   ,   y = y′ u0

v

θ =
T−T∞

Tw−T∞
,    Gr =

gβ(Tw−T∞)

u0
 ,   C =

C′−C∞
′

Cw
′  −C∞

′

Gc =
gβ∗(Cw

′  −C∞
′ )

u0
, M =

σB0
2ν

ρu0
2  , pr =

μCp

k

C =
v

Dm
 , Sr =

DmKT(Tw−T∞

Tmv(Cw−C∞)
 , R =

16σ∗(T′
∞)

3

3k∗

         (6) 

 
Using (6) in the Eq. (1) to Eq. (4), we have derived 
 
∂U

∂t
− 2ΩV = Grθ + GcC +

∂2U

∂y2 − MU           (7) 

 
∂V

∂t
+ 2ΩU =

∂2V

∂y2 − MV            (8) 

 
∂θ

∂t
=

1

Pr

∂2θ

∂y2
 −

R

Pr
θ             (9) 

 
∂C

∂t
=

1

sc

∂2C

∂y2 +Sr
∂2θ

∂y2                       (10) 

 
Now we combine the complex velocity, 𝑞 = U + iV, from the set of Eq. (7) and Eq. (8) with the 

boundary condition (11) to form a single equation. 
 
∂q

∂t
= Grθ + GcC +

∂2q

∂y2 − m𝑞                      (11) 

 
∂θ

∂t
=

1

Pr

∂2θ

∂y2
−

R

Pr
θ                       (12) 

 
∂C

∂t
=

1

Sc

∂2C

∂y2
+ Sr

∂2θ

∂y2
                       (13) 

 
The following are the beginning and limit criteria for utilizing non-dimension quantities. 
 
𝑞 = 0,       θ = 0,       C = 0      for all y, t ≤ 0

𝑡 > 0       𝑞 = t2,       θ = 1,       C = 1       y = 0
𝑞 → 0,       θ → 0,      C → 0    y → 0

                   (14) 

 
Here, m = M+2iΩ. 
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3. Solution of the Problem 
 

Eq. (11), Eq. (12), and Eq. (13) with related starting and limit conditions and a dimensionless 
administering condition are solved with Laplace transforms. Following a final inverse transform, the 
solutions are established as follows. 
 

q =
(𝜂2+𝑚𝑡)𝑡

4𝑚
[(𝑒2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 + √𝑚𝑡) + 𝑒−2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 − √𝑚𝑡)) +

𝜂√𝑡(1−4𝑚𝑡)

8𝑚
3
2

(𝑒−2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 − √𝑚𝑡)  − 𝑒2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 + √𝑚𝑡)) −
𝜂𝑡

2𝑚√𝜋
𝑒−(𝜂2+𝑚𝑡)]  

−
𝐺𝑟

𝑏(1−𝑝𝑟)
[

1

2
(𝑒2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 + √𝑚𝑡) + 𝑒−2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 − √𝑚𝑡)) −            

𝑒𝑏𝑡

2
(𝑒2𝜂√(𝑚+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂 +

√(𝑚 + 𝑏)𝑡) + 𝑒−2𝜂√(𝑚+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + 𝑏)𝑡))  −           
1

2
(𝑒2𝜂√𝑝𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑝𝑟 + √𝑅𝑡) +

𝑒−2𝜂√𝑝𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑝𝑟 − √𝑅𝑡)) −          
𝑒𝑏𝑡

2
(𝑒2𝜂√𝑃𝑟(R+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √(R + 𝑏)𝑡) +

𝑒−2𝜂√(𝑅+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑅 + 𝑏)𝑡))]  

     +
𝐺𝑐

𝑐(1−𝑠𝑐)
[

1

2
(𝑒2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 + √𝑚𝑡) + 𝑒−2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 − √𝑚𝑡))  − 𝑒𝑟𝑓𝑐(𝜂√𝑠𝑐  −

𝑒𝑐𝑡

2
(𝑒2𝜂√(𝑚+𝑐)𝑡𝑒𝑟𝑓𝑐 (𝜂 + √(𝑚 + 𝑏)𝑡) + 𝑒−2𝜂√(𝑚+𝑐)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + 𝑐)𝑡)) +

𝑒𝑐𝑡

2
(𝑒2𝜂√𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐(𝜂√𝑠𝑐 + √𝑐𝑡) + 𝑒−2𝜂√𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐(𝜂√𝑠𝑐 − √𝑐𝑡))]  

    +
𝐴1

𝑐(1−𝑠𝑐)
[

1

2
(𝑒2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 + √𝑚𝑡) + 𝑒−2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 − √𝑚𝑡))  − 𝑒𝑟𝑓𝑐(𝜂√𝑠𝑐  −

𝑒𝑐𝑡

2
(𝑒2𝜂√(𝑚+𝑐)𝑡𝑒𝑟𝑓𝑐 (𝜂 + √(𝑚 + 𝑏)𝑡)  + 𝑒−2𝜂√(𝑚+𝑐)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + 𝑐)𝑡)) +

𝑒𝑐𝑡

2
(𝑒2𝜂√𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐(𝜂√𝑠𝑐 + √𝑐𝑡) + 𝑒−2𝜂√𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐(𝜂√𝑠𝑐 − √𝑐𝑡))]  

       −
𝐴1

b(Pr−1)
[(

1

2
[𝑒−2𝜂√𝑃𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 − √𝑅𝑡) + 𝑒2𝜂√𝑃𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 + √𝑅𝑡)]) −

 
1

2
(𝑒−2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 − √𝑚𝑡) + 𝑒2𝜂√𝑚𝑡𝑒𝑟𝑓𝑐(𝜂 + √𝑚𝑡)) −

𝑒b𝑡

2
(𝑒2𝜂√𝑃𝑟(R+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 +

√(R + 𝑏)𝑡) + 𝑒−2𝜂√(𝑅+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑅 + 𝑏)𝑡)) +
𝑒b𝑡

2
(𝑒2𝜂√(𝑚+b)𝑡𝑒𝑟𝑓𝑐 (𝜂 + √(𝑚 + b)𝑡) +

𝑒−2𝜂√(𝑚+b)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + b)𝑡))]  

+
𝐴1

(Sc−1)(a−c)
[

𝑒𝑎𝑡

2
(𝑒2𝜂√𝑠𝑐𝑎𝑡𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 + √𝑎𝑡) + 𝑒−2𝜂√𝑠𝑐𝑎𝑡𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 − √𝑎𝑡)) −

𝑒𝑎𝑡

2
(𝑒2𝜂√(𝑚+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂 + √(𝑚 + 𝑎)𝑡) + 𝑒−2𝜂√(𝑚+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + 𝑎)𝑡)) −

𝑒𝑐𝑡

2
(𝑒2𝜂√𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 + √𝑐𝑡) + 𝑒−2𝜂√𝑠𝑐𝑐𝑡𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 − √𝑐𝑡))  −     

𝑒𝑐𝑡

2
(𝑒2𝜂√(𝑚+𝑐)𝑡𝑒𝑟𝑓𝑐 (𝜂 +

√(𝑚 + 𝑎)𝑡) + 𝑒−2𝜂√(𝑚+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + 𝑎)𝑡))]                  (15) 

 

+
𝐴1

(Pr−1)(a−b)
[

𝑒𝑎𝑡

2
(𝑒2𝜂√(𝑚+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂 + √(𝑚 + 𝑎)𝑡) + 𝑒−2𝜂√(𝑚+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + 𝑎)𝑡)) −

𝑒a𝑡

2
(𝑒2𝜂√𝑃𝑟(R+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √(R + 𝑎)𝑡) + 𝑒−2𝜂√(𝑅+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑅 + 𝑎)𝑡)) −
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𝑒𝑏𝑡

2
(𝑒2𝜂√(𝑚+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂 + √(𝑚 + 𝑏)𝑡) + 𝑒−2𝜂√(𝑚+𝑏)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑚 + 𝑏)𝑡)) +

𝑒a𝑡

2
(𝑒2𝜂√𝑃𝑟(R+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √(R + 𝑎)𝑡) + 𝑒−2𝜂√(𝑅+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂 − √(𝑅 + 𝑎)𝑡))]  

𝜃 =
1

2
[𝑒−2𝜂√𝑃𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 − √𝑅𝑡) + 𝑒2𝜂√𝑃𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 + √𝑅𝑡)]                (16) 

 

𝐶 = 𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐) +
𝑆𝑐 𝑆𝑟 𝑃𝑟

𝑆𝑐−𝑃𝑟
[ − (

𝑅

2𝑎
) 𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐) + (

𝑎+𝑅

𝑎
)

𝑒𝑎𝑡

2
(𝑒2𝜂√𝑠𝑐𝑎𝑡𝑒𝑟𝑓𝑐(𝜂√𝑆𝑐 + √a𝑡) +

𝑒−2𝜂√𝑠𝑐𝑏𝑡𝑒𝑟𝑓𝑐(𝜂𝜂√𝑆𝑐 − √a𝑡)) − (
𝑅

2𝑎
) (𝑒2𝜂√𝑃𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 + √R𝑡) + 𝑒−2𝜂√𝑃𝑟𝑅𝑡𝑒𝑟𝑓𝑐(𝜂√𝑃𝑟 −

√R𝑡)) − (
𝑎+𝑅

𝑎
)

𝑒𝑎𝑡

2
(𝑒2𝜂√𝑃𝑟(𝑅+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 + √(R + a)𝑡) + 𝑒−2𝜂√𝑃𝑟(𝑅+𝑎)𝑡𝑒𝑟𝑓𝑐 (𝜂√𝑃𝑟 −

√(R + a)𝑡))]                        (17) 

 

𝑒𝑟𝑓𝑐(𝑎 + 𝑖𝑏) = erf(𝑎) +
exp (−𝑎2)

2𝑎𝜋
[1 − cos(2𝑎𝑏) + 𝑖𝑠𝑖𝑛(2𝑎𝑏)] +

2exp (−𝑎2)

𝜋
∑

exp (−𝜂2/4)

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

 
where 
 

𝑎 =
𝑃𝑟(𝑅+𝑆)

𝑆𝑐
, 𝑏 =

𝑚−𝑃𝑟𝑅

𝑃𝑟−1
, 𝑐 =

𝑚

𝑆𝑐−1
, 𝐴1 = 𝑆𝑟 𝑆𝑐𝐺𝑐  𝑎𝑛𝑑  𝜂 =

𝑦

2√𝑡
  

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

To analyse the results and better understand the problem, calculations for numerical are 
performed for a number of physical factors, depending on the kind of flow and transport, Sr, M, t, Sc, 
Gr, and Gc. The Pr Prandtl number, which represents air, is chosen with 0.71 value. The important 
parameters' numerical values for temperature, concentration, and velocity are calculated. 

Figure 2 states how the Pr Prandtl number affects the temperature profiles. It is evident that 
rising the Prandtl number causes the temperature profiles to fall. 
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Fig. 2. Temperature profile for different values of pr 

 
Figure 3 illustrates how the radiation parameter R affects profiles of temperature. In profiles of 

temperature, the impact of the parameter of thermal radiation is crucial. It displayed that when the 
radiation parameter dropped, temperature rises. This demonstrates that a decline in temperature 
results from increased thermal radiation. 
 

 
Fig. 3. Temperature profile for different R values 

 
The impact of temperature profiles for various time values (0.2, 0.3, 0.4, and 0.5) is shown in 

Figure 4. It has been shown that the wall temperature rises when it is improved. 
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Fig. 4. Temperature profile for various t values 

 
Figure 5 exhibits that the fluid velocity rises as the parameter of radiation R decreases drops. This 

is because the greater dominance of conduction-less radiation caused by modest values of R 
escalates the buoyancy force and the thickness of the momentum boundary layer. 
 

 
Fig. 5. Concentration profile for various R values 

 
Figure 6 shows how the Schmidt number Sc affects “the concentration profiles. It is evident that 

concentration drops as the Schmidt number rises. According to physical laws, a rise in the Schmidt 
number causes the molecular diffusivity to fall, which lowers the concentration boundary layer. From 
the findings, the species concentrations are greater for small values of Sc and lower for large Sc 
values. 
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Fig. 6. Concentration profile for various Sc values 

 
Figure 7 shows how the concentration patterns vary with Soret number Sr. It has been noted that 

concentration distribution in the boundary layer is significantly affected by rising Soret number Sr 
values. It is observed for concentration profiles rise as the levels of Sr rise. 
 

 
Fig. 7. Concentration profiles for various Sr values 

 
Figure 8 depicts how the time parameter t affects the concentration C. It could be seen that the 

concentration profiles become bigger as the time parameter t gets bigger. 
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Fig. 8. Concentration profile for various t values 

 
Figure 9 exhibits how the magnetic parameter M affects the velocity profiles. The velocity curves 

demonstrate that the rate of transport significantly reduces the magnetic parameter's value rises, 
demonstrating that the magnetic field leads t slow the fluid's mobility. The flow properties may be 
controlled by a magnetic field. 
 

 
Fig. 9. Velocity profile for various M values 

 
Figure 10 depicts how the Soret number Sr affected the profiles of velocity. As the Soret number 

rises, the fluid's velocity is also seen to inflate. 
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Fig. 10. Velocity profile for Sr various values 

 
Figure 11 depicts how the Sc is the Schmidt number affects the profiles of velocity. It is evident 

that when Sc values increase, the fluid's velocity drops. This is because increasing Sc causes molecular 
diffusivity to decrease, it ultimately results in the concentration and velocity boundary layer thickness 
to drop. 
 

 
Fig. 11. Velocity profile for various Sc values 

 
Figure 12 depicts the fluctuation of the velocity profiles with the Grashof number Gr. It can be 

seen that when the Grashof number rises, the fluid velocity does as well. This is because when the 
value of the Grashof number rises, the buoyancy force rises fluid velocity and thickens the boundary 
layer. 
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Fig. 12. Velocity profile for various Gr values 

 
Figure 13 displays the fluctuation of the velocity profiles with mass Grashof number Gc. It could 

be shown that the velocity of fluid rises as the mass Grashof number rises. This is due to the buoyancy 
force's ability to improve fluid velocity and thicken the boundary layer as the mass Grashof number 
rises. 
 

 
Fig. 13. Velocity profile for various Gc values 

 
5. Conclusions 
 

This study examines how rotation affects radiation-affected unstable MHD free convection mass 
and heat transfer flow across infinite vertical plate. By utilizing the Laplace transform method, the 
dimensionless leading equations of the flow have been numerically to be solved. It is shown that the 
problem's material properties have an impact on the flow characteristics. The lists of discoveries of 
the analysis are as follows: 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 112, Issue 1 (2023) 125-138 

137 
 

i. The rise in the Prandtl number reasons for the drop in fluid temperature &velocity, but 
elevation in the parameter radiation causes a reduction in fluid velocity & temperature in the 
boundary layer. 

ii. As the number of Soret rises, the fluid velocity rises as well. Both the fluid concentration and 
velocity drop as the Schmidt number rises. 

iii. When the time parameter is extended, so do the temperature, concentration, and velocity. 
 

The current investigation into the mechanics of fluid flow has potential implications in both 
science and engineering. Fluid flow is well documented to strongly influence microstructural 
evolution and its dominant effect is to speed up the transport of heat (or mass) on the large scale. 
Different means of incorporation of this effect into the phase field model have been developed. 
 
Acknowledgement 
I am grateful to my research supervisor, Dr. S. Senthamilselvi, an assistant professor in the 
mathematics department of the Vels Institute for Science, Technology, and Advanced Studies, for his 
ongoing assistance. No grants have been used to sponsor this research project. 
 
References 
[1] Reddy, G. V. Ramana, Ch V. Ramana Murthy, and N. Bhaskar Reddy. "Unsteady MHD free convective mass transfer 

flow past an infinite vertical porous plate with variable suction and Soret effect." International Journal of Applied 
Mathematics and Mechanics 7, no. 21 (2011): 70-84. 

[2] Maran, D., A. Selvaraj, M. Usha, and S. Dilipjose. "First order chemical response impact of MHD flow past an infinite 
vertical plate with in the sight of exponentially with variable mass diffusion and thermal radiation." Materials 
Today: Proceedings 46 (2021): 3302-3307. https://doi.org/10.1016/j.matpr.2020.11.464  

[3] Devi, S. P. Anjali, and J. Wilfred Samuel Raj. "Thermo-diffusion effects on unsteady hydromagnetic free convection 
flow with heat and mass transfer past a moving vertical plate with time dependent suction and heat source in a slip 
flow regime." International Journal of Applied Mathematics and Mechanics 7, no. 21 (2011): 20-51. 

[4] Mythreye, A., and K. S. Balamurugan. "Chemical reaction and Soret effect on MHD free convective flow past an 
infinite vertical porous plate with variable suction." International Journal of Chemical Engineering Research 9, no. 
1 (2017): 51-62. 

[5] Bhavana, M., D. Chenna Kesavaiah, and A. Sudhakaraiah. "The Soret effect on free convective unsteady MHD flow 
over a vertical plate with heat source." International Journal of Innovative Research in Science, Engineering and 
Technology 2, no. 5 (2013): 1617-1628. 

[6] Aruna, M., A. Selvaraj, and T. Thangeeswari. "Magnetic Field and Hall Effects on Flow Pasta Parabolic Accelerated 
Vertical Plate with Differing Temperature and Mass Diffusion in the Existence of Thermal Radiation." European 
Chemical Bulletin 12, no. 5 (2023): 764-778. 

[7] Selvaraj, A., and E. Jothi. "Heat source impact on MHD and radiation absorption fluid flow past an exponentially 
accelerated vertical plate with exponentially variable temperature and mass diffusion through a porous medium." 
Materials Today: Proceedings 46 (2021): 3490-3494. https://doi.org/10.1016/j.matpr.2020.11.919  

[8] Soundalgekar, V. M. "Effects of mass transfer and free-convection currents on the flow past an impulsively started 
vertical plate." Journal of Applied Mechanics 46, no. 4 (1979): 757-760. https://doi.org/10.1115/1.3424649  

[9] Vidhya, M., S. Sheeba Juliet, A. Govindarajan, A. Mohamad Rashad, and E. Priyadarshini. "Effect of radiation and 
heat source on unsteady MHD free convective flow past a vertical porous plate." In AIP Conference Proceedings, 
vol. 2277, no. 1, p. 030015. AIP Publishing LLC, 2020. https://doi.org/10.1063/5.0025823  

[10] Soundalgekar, V. M. "Effects of mass transfer on flow past a uniformly accelerated vertical plate." Letters in Heat 
and Mass Transfer 9, no. 1 (1982): 65-72. https://doi.org/10.1016/0094-4548(82)90049-2  

[11] Habibishandiz, M., and M. Z. Saghir. "A critical review of heat transfer enhancement methods in the presence of 
porous media, nanofluids, and microorganisms." Thermal Science and Engineering Progress 30 (2022): 101267. 
https://doi.org/10.1016/j.tsep.2022.101267  

[12] Jose, S. Dilip, K. Selvaraj, P. N. Sudha, P. Geetha, and D. Lakshmikaanth. "Heat and Mass Transfer Effects on 
Parabolic Flow Past an Accelerated Isothermal Vertical Plate in the Presence of Chemical Reaction and Hall 
Current." JP Journal of Heat and Mass Transfer 35 (2023): 55-74. https://doi.org/10.17654/0973576323042  

https://doi.org/10.1016/j.matpr.2020.11.464
https://doi.org/10.1016/j.matpr.2020.11.919
https://doi.org/10.1115/1.3424649
https://doi.org/10.1063/5.0025823
https://doi.org/10.1016/0094-4548(82)90049-2
https://doi.org/10.1016/j.tsep.2022.101267
https://doi.org/10.17654/0973576323042


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 112, Issue 1 (2023) 125-138 

138 
 

[13] Amar, K. Ali, Silvia C. Hirata, and Mohamed Najib Ouarzazi. "Soret effect on the onset of viscous dissipation thermal 
instability for Poiseuille flows in binary mixtures." Physics of Fluids 34, no. 11 (2022). 
https://doi.org/10.1063/5.0115663  

[14] Jose, S. Dilip, and A. Selvaraj. "Convective heat and mass transfer effects of rotation on parabolic flow past an 
accelerated isothermal vertical plate in the presence of chemical reaction of first order." JP Journal of Heat and 
Mass Transfer 24, no. 1 (2021): 191-206. https://doi.org/10.17654/HM024010191  

[15] Lakshmikaanth, D., A. Selvaraj, P. Selvaraju, and S. Dilip Jose. "Hall and Heat Source Effects of Flow Past a Parabolic 
Accelerated Isothermal Vertical Plate in the Presence of Chemical Reaction and Radiation." JP Journal of Heat and 
Mass Transfer 34 (2023): 105-126. https://doi.org/10.17654/0973576323035  

[16] Lakshmikaanth, D., A. Selvaraj, and A. Neel Armstrong. "Heat Source effects of flow past a parabolic accelerated 
isothermal vertical plate in the presence of Hall Current, Chemical reaction, Rotation and Radiation." European 
Chemical Bulletin 12, no. 5 (2023): 744-768. https://doi.org/10.17654/0973576323035  

[17] Muthucumaraswamy, R., Tina Lal, and D. Ranganayakulu. "Rotation effects on MHD flow past an accelerated 
vertical plate with variable temperature and uniform mass diffusion." Annals of Faculty Engineering Hunedoara, 
International Journal of Engineering 9, no. 1 (2011): 229-234. 

[18] Muthucumaraswamy, R., Tina Lal, and D. Ranganayakulu. "Effects of rotation on MHD flow past an accelerated 
isothermal vertical plate with heat and mass diffusion." Theoretical and Applied Mechanics 37, no. 3 (2010): 189-
202. https://doi.org/10.2298/TAM1003189M  

[19] Selvaraj, A., S. Dilip Jose, R. Muthucumaraswamy, and S. Karthikeyan. "MHD-parabolic flow past an accelerated 
isothermal vertical plate with heat and mass diffusion in the presence of rotation." Materials Today: Proceedings 
46 (2021): 3546-3549. https://doi.org/10.1016/j.matpr.2020.12.499  

[20] Gowri, T., and A. Selvaraj. "Rotational effect of unsteady MHD-Parabolic Flow Past a Vertical Plate through porous 
medium with uniform temperature mass diffusion." International Journal of Mechanical Engineering 6, no. 3 
(2021): 2468-2473. 

[21] Bafakeeh, Omar T., Kodi Raghunath, Farhan Ali, Muhammad Khalid, El Sayed Mohamed Tag-ElDin, Mowffaq 
Oreijah, Kamel Guedri, Nidhal Ben Khedher, and Muhammad Ijaz Khan. "Hall current and Soret effects on unsteady 
MHD rotating flow of second-grade fluid through porous media under the influences of thermal radiation and 
chemical reactions." Catalysts 12, no. 10 (2022): 1233. https://doi.org/10.3390/catal12101233  

[22] Angela, S. Constance, and A. Selvaraj. "Dufour and Hall effects on MHD flow past an exponentially accelerated 
vertical plate with variable temperature and mass diffusion." Turkish Journal of Computer and Mathematics 
Education (TURCOMAT) 12, no. 6 (2021): 3542-3556. 

[23] Goud, B. Shankar, and Y. Dharmendar Reddy. "Chemical reaction and Soret effect on an unsteady MHD heat and 
mass transfer fluid flow along an infinite vertical plate with radiation and heat absorption." Journal of the Indian 
Chemical Society 99, no. 11 (2022): 100762. https://doi.org/10.1016/j.jics.2022.100762  

[24] Kumar, Ch Shashi, P. Govinda Chowdary, P. Sarada Devi, and V. Nagaraju. "Radiation And Chemical Reaction Effects 
on Unsteady Flow Past an Accelerated Infinite Vertical Plate with Variable Temperature and Uniform Mass Diffusion 
Through a Porous Medium." Journal of Positive School Psychology (2022): 10983-10991. 

[25] Vance, Faizan Habib, Philip de Goey, and Jeroen A. van Oijen. "The effect of thermal diffusion on stabilization of 
premixed flames." Combustion and Flame 216 (2020): 45-57. https://doi.org/10.1016/j.combustflame.2020.02.006  

[26] Goud, B. Shankar, P. Bindu, Pudhari Srilatha, and Y. Hari Krishna. "The joule heating effect on MHD natural 
convective fluid flow in a permeable medium over a semi-infinite inclined vertical plate in the presence of the 
chemical reaction." In IOP Conference Series: Materials Science and Engineering, vol. 993, no. 1, p. 012111. IOP 
Publishing, 2020. https://doi.org/10.1088/1757-899X/993/1/012111  

 
 
  
 

https://doi.org/10.1063/5.0115663
https://doi.org/10.17654/HM024010191
https://doi.org/10.17654/0973576323035
https://doi.org/10.17654/0973576323035
https://doi.org/10.2298/TAM1003189M
https://doi.org/10.1016/j.matpr.2020.12.499
https://doi.org/10.3390/catal12101233
https://doi.org/10.1016/j.jics.2022.100762
https://doi.org/10.1016/j.combustflame.2020.02.006
https://doi.org/10.1088/1757-899X/993/1/012111

