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Abstract
In this paper, an attempt has been made to analyze the
effects of various parameters, such as Soret and Dufour
effects, chemical reaction, magnetic field, porosity on the
fluid flow, and heat and mass transfer of an unsteady
Casson fluid flow past a flat plate. Convective boundary
conditions in heat and mass transfer and slip constant on
velocity have been taken into account for analysis. The
governing equations of the model have been solved
numerically using the MATLAB program bvp4c. The
impact of various parameters of the model on the velocity,
temperature, and concentration profiles has been analyzed
through different graphs. To get an insight into the
physical quantities of engineering interest, viz, skin
friction, Sherwood number, and Nusselt number, their
numerical values have been computed for various parameters. The range of the parameters used in numerical
computations are Pr (0.3–0.8), β ( 0.5–1.5), M (1–5),
A (0.5–1.5), L0 (0.1–0.9), Df (0.2–4), Sr (0.3–6.3), and
Sc (0.05–0.15). It has been noticed from the tabulated
values that the skin friction gets enhanced with the

increase in the thermal and solutal Grashof number,
whereas its reverse effects have been observed with an
increase in the Biot number. In limiting case, the present
study is also compared with the available results in the
literature.
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INTRODUCTION

In the recent years, many researchers are showing keen interest in the field of non‐Newtonian
magnetohydrodynamic (MHD) fluid flow, heat, and mass transfer problems, due to their wide
range of engineering and industrial applications, viz, solidification process of metals, metal
alloys, geothermal field, nuclear fuel debris treatment, and so forth. We can also find some
more applications of MHD to create MHD propulsion forces and MHD power generation.
Looking into the above facts, in the present paper, we have made an attempt to analyze the
unsteady MHD flow of a chemically reactive non‐Newtonian Casson fluid past a flat plate with
heat and mass transfer effects under convective boundary conditions in both temperature and
species concentration. Seth et al1 studied the unsteady MHD free natural convection and
radiation effect on the flow of fluids over a moving vertically accelerated plate in the presence of
chemical reaction. Apart from this study, many researchers2–6 had contributed to studying the
unsteady MHD flow of Casson fluids past a flat plate with different boundary conditions. Vanita
and Kumar7 studied the induced magnetic field effect over a vertical cone. Uddin et al8
explained the simulation of nanofluid flow in the presence of a magnetic field.
In different industrial processes, when the combined effects of heat and mass transfer occur, the
flow field is driven by the density difference caused by the Newtonian heating, concentration
gradient, and the material composition simultaneously. The Dufour effect is the heat flux caused by
the concentration gradient, and the Soret effect is the reciprocal of it. Postelnicu9 and Cheng10
investigated the Dufour and Soret effects on the boundary layer flow in a porous medium with
constant surface temperature. Animasaun11 analyzed the Dufour effects, thermophoresis, viscosity,
nth‐order chemical reaction, and suction of a Casson fluid along the porous flat plate. Hayat et al12
did the investigation of the Soret and Dufour effects of MHD Casson fluid past a stretching surface.
He had derived the series solution of the model with homotopy analysis. Further, researchers,
Motsa and Shateyi,13 Kumaran and Sandeep,14 and Abreu et al,15 carried out the numerical
investigation on Dufour and Soret effects on the fluid flow, heat, and mass transfer characteristics in
different surface boundaries. Many researchers16–23 had also contemplated the double diffusion
effect on MHD free convection, viscous dissipation, and Joule's law of heating over a flat surface.
Mahanta and Shaw24 investigated numerically the three‐dimensional Casson fluid flow, heat, and
mass transfer over a stretching sheet with convective boundary condition. Mahanta et al25 studied
unsteady Casson fluid flow over a stretching sheet with the convective boundary condition.
Unsteady coupled heat and mass transfer influenced the transfer of heat and mass during MHD
mixed convection flow of fluid.26,27 Unsteady heat and mass transfer flow over a vertical plate was
discussed by El‐Kabeir et al,28 taking into account the influence of chemical reaction, Soret and
Dufour effects. Gopal et al29 carried out the analysis of viscous and Joule heating with chemically
reactive and radiative Casson fluid flow, heat, and mass transfer over a stretching surface in the
presence of inclined magnetic field. Nandkeolyar et al30 had investigated analytically the effects of
chemical reaction on an unsteady MHD heat radiating fluid past a flat porous plate. Khalid et al31
carried out the investigations on the hydromagnetic Casson fluid past a periodic movement of a flat
plate in a porous medium. Reddy et al32 had made a comparative study on the effects of slip
velocity, Joule heating, and viscous dissipation on hydramagnetic Casson nanofluid taking into
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account the three base fluids, viz, water/kerosene/methanol. They found that the heat transfer
capacity of the base fluid water is the least amongst the base fluids chosen. Ullah et al33 had
explored the effects of convective boundary condition and slip parameter hydromagnetic Casson
fluid flow in a porous medium past stretching sheet. Mixed convection Casson fluid flow about a
sphere in the presence of chemical reaction in the system had been discussed by El‐Kabeir et al.34
Recently, Shaw et al35 carried out the study on the Soret and Dufour effect, thermal and solutal
Marangonic convection of a chemically reactive Casson fluid past a stretching sheet.
Motivated by the above studies, we have made the endeavor to explore the influence of different
physical parameters on the unsteady Casson fluid flow over a flat plate in a porous medium subject
to the connective boundary conditions in both temperature and concentration with velocity slip.
The system has also been incorporated with magnetic field, first‐order chemical reaction, and Soret
and Dufour effect. Convective boundary conditions in temperature and concentration are taken into
account at the surface with the slip velocity. The governing partial differential equations are
reduced into the system of ordinary differential equation by using a suitable similarity
transformation. Those equations have then been converted into a system of first‐order boundary
value problem and solved using the MATLAB program bvp4c. The numerical results are compared
with the results in the existing literature, and it is found to be in good agreement. The influence of
various pertinent parameters of the present model on the flow field, temperature, and concentration
has been analyzed through different graphs and tables.
The aim of this study is to understand the impact of non‐Newtonian nature on the unsteady
fluid flow in the presence of the magnetic field, chemical reaction, and Soret and Dufour effect
due to heat and concentration flux of the system.
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|

M A T H E M A T I C A L FO R M U L A T I O N

Consider the unsteady MHD double‐diffusive free convective chemically reactive, electrically
conducting and incompressible Casson fluid past an infinite vertical flat plate in a porous
medium. Let the x‐axis be taken along the plate in the upward direction, the y‐axis normal to it,
and the z‐axis normal to xy‐plane. The geometry of the problem is given in Figure 1. The fluid is
permeated by a uniform transverse magnetic field of strength B0 , applied along the y‐axis. The
effect of the induced magnetic field is neglected in the present problem because the fluid under
consideration is having a very small Reynolds number. The Dufour effect is the heat flux caused
by the concentration gradient and the Soret effect is the reciprocal of it and both the effects have
been taken into account in the problem with slip velocity at the boundary.
As suggested by Casson,36 the rheological characteristics of Casson fluid is governed by the
following equation:

⎧ ⎛
⎪ 2 ⎜μB +
⎪ ⎝
τi j = ⎨
⎪ ⎛
⎪ 2 ⎜μB +
⎩ ⎝

py ⎞
⎟ ei j ,
2π ⎠
⎞
⎟ ei j ,
2 πc ⎠
py

π > πc ,
(1)

π < πc .

From Equation (1), π = ei j ei j , where ei j is the component deformation rate at the point
(i , j ), π the product deformation rate itself, and πc the critical value based on the non‐
Newtonian model.
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FIGURE 1

Schematic diagram of the model

For the case of Casson fluid, we considered π > πc and Py = μB 2 π / β , it is possible to
say that

μ = μB +

Py
2π

.

(2)

Substituting the value of Py in Equation (2), we will get
μ ⎛
μ
1⎞
= B ⎜1 + ⎟.
ρ
ρ ⎝
β⎠

(3)

Under the above‐made conditions and assumptions, the respective governing equations of
the momentum, diffusion, and concentration take the following form12,13,33:
⎛ B 2
⎛
∂u
1 ⎞ ∂ 2u
ν⎞
⎟ u + gβT (T − T∞) + gβC (C − C∞),
= v ⎜1 + ⎟ 2 − ⎜σ 0 +
∂t
β⎠ ∂ y
μ0 ⎠
⎝
⎝ ρ

(4)

∂T
∂ 2T
D K ∂ 2C
=α 2 + m T 2 ,
∂t
∂y
CS CP ∂y

(5)

∂C
∂ 2C
D K ∂ 2T
= Dm 2 + m T 2 − L (C − C∞).
∂t
∂y
Tm ∂y

(6)

Now, the governing boundary conditions of the system are
u = u w (x ) + N

∂u
∂T
∂C
, −k
= hf (Tf − T ) , −D
= hs (Cf − C )
∂y
∂y
∂y

at y = 0 for t > 0,
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u → 0, T → T∞, C → C∞ as y → ∞ for t > 0.
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(7)

Here, we have taken Tf = k (1 − ωt )−1/2 the hot fluid temperature and hf = h1 (1 − ωt )−1/2
the heat transfer coefficient, and the relationship between them is Tf / k = hf / h1,
N = N0 (1 − ωt )1/2 the velocity slip factor with constant N0 and hs = h2 (1 − ωt )−1/2 is the
mass transfer coefficient with constant h2.
Let us introduce the following similarity transformations in the governing equations (4–6)
and the boundary conditions (7), where ψ is a stream function:

u=

∂ψ
c
cv
, η=y
, ψ=x
v (1 − ωt )
(1 − ωt )
∂y

⎡
⎤
cx
T = T∞ + Tw ⎢
⎥ θ (η),
⎣ 2v (1 − ωt )2 ⎦

f (η),

⎡
⎤
cx
C = C∞ + Cw ⎢
⎥ φ (η).
⎣ 2v (1 − ωt )2 ⎦

Now, the governing equations (4–6) will be reduced into
⎛
1⎞
A
⎜1 + ⎟ f ′′′(η) − ηf ″(η) + Gr θ (η) + Gc φ (η) − (M + Kp + A) f ′(η) = 0 ,
β⎠
2
⎝

⎡A
⎤
θ″(η) − Pr ⎢ ηθ′(η) + 2Aθ (η) − Df φ″(η) ⎥ = 0,
⎣2
⎦
⎡A
⎤
φ″(η) − Sc ⎢ ηφ′(η) + 2Aφ (η) − Srθ″(η) − L0 φ ⎥ = 0.
⎣2
⎦

(8)

(9)

(10)

The corresponding boundary conditions (7) become
f ′(η) = 1 + K 0 f ″, θ′ = −Bi1 (1 − θ ( 0)), φ′ = −Bi2 (1 − φ (0)) = 0 at η → 0,

(11)

f ′ = 0, θ = φ = 0, as η → ∞,
where A = ω/ c , Gr = Grx / Rex 2 = (g βT (Tf − T∞)(1 − ω t )2)/ c 2x , Grx = (g βT (Tf − T∞)
(1 − ω t )2x 3)/ ν 2, Rex = u w (x ) x / ν , Gc = Gcx / Rex 2 = (g βT (Cf − C∞)(1 − ω t )2)/ c 2x , Gcx =
(g βT (Cf − C∞)(1 − ω t )2)/ c 2x , M = σ B0 2 (1 − ωt )/ c ρ , Kp = ν (1 − ω t )/ μ0 c , Pr = ν / c ,
Df = Dm KT Cw / ν Cs Cp Tw , Sr = Dm KT Tw / ν Cw Tm , Sc = ν / Dm , L0 = L (1 − ω t )/ c , Bi1 =
(h1/ k ) v / c , Bi2 = (h2/ D) v / c , and K 0 = N0 c / ν .

3 | SKIN FRICTION, HEAT, AND MASS TRANSFER
COE FFICIENTS
The forms of the local skin friction coefficient Cf , the local Nusselt number Nu x , and the local
Sherwood number Sh x are presented as
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Cf =

xqw
xqm
τw
, Nu x =
, Sh x =
,
2
ρUw
k (Tf − T∞)
Dm (Cf − C∞)

ET AL.

(12)

with τw , qw , and qm are, correspondingly, shear stress, heat, and mass flux on the plane of the
wall and are defined as
⎛
τw = ⎜μB +
⎝

⎞ ⎛ ∂u ⎞
⎛
⎟⎜ ⎟
= ⎜μB +
2πC ⎠ ⎝ ∂y ⎠ y =0 ⎝
τy

⎞⎛
⎞3/2
c
⎟⎜
⎟ xν f ″(0),
2πC ⎠ ⎝ ν (1 − ωt ) ⎠
τy

(13)

⎛ ∂T ⎞
⎛
⎞3/2
−kT
c
qw = −k ⎜ ⎟
=
⎜
⎟ x θ′(0),
2(1 − ωt ) ⎝ ν (1 − ωt ) ⎠
⎝ ∂y ⎠ y=0

(14)

⎛ ∂C ⎞
⎞3/2
−Dm C ⎛
c
qm = −Dm ⎜ ⎟
=
⎜
⎟ x φ′(0).
2(1 − ωt ) ⎝ ν (1 − ωt ) ⎠
⎝ ∂y ⎠ y =0

(15)

Now, the local skin friction coefficient, and rate of heat and mass transfer, respectively, are
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⎛
1⎞
Rex1/2 Cf = ⎜1 + ⎟ f ″(0),
β⎠
⎝

(16)

Rex−1/2 Nu x = −θ′(0),

(17)

Rex−1/2 Sh x = −ϕ′ (0).

(18)

NUMERICAL SOLUTIONS

To solve numerically the ordinary governing equations (11–13) subject to the boundary
condition (11), we have used the MATLAB program bvp4c. bvp4c can be applied to a first‐order
system of ordinary boundary value problem. Therefore, our governing equations of the model
are to be converted into a system of first‐order boundary value problem, as the system is not of
the first order.
In Equation (8), it is observed the highest‐order derivative in f is f ′′′. So, let us introduce

f = y1 , f ′ = y1′ = y2 , f ″ = y2′ = y3 , f ′′′ = y3′ .

(19)

In Equation (9), the highest‐order derivative in θ is θ″. So, let us assume:

θ = y4 , θ′ = y4′ = y5 , θ″ = y5′ .

(20)

And in Equation (10), the highest‐order derivative in ϕ is ϕ″. So, let us consider
ϕ = y6 , ϕ′ = y6′ = y7 , ϕ″ = y7′ .

(21)
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Now, the governing system of Equations (11–13) will be reduced into the following first‐
order system of equations:

y3′ =

y1′ = y2 ,

(22)

y2′ = y3 ,

(23)

[0. 5ηAy3 − Gry4 − Gcy6 + (M + Kp + A) y2 ]

(

1+

1
β

)

,

(24)

y4′ = y5 ,
y5′ =

(25)

Pr [0. 5Aηy5 + 2Ay4 ] − PrDf Sc [0. 5ηAy7 + 2Ay6 − L0 y6 ]
1 − PrDf ScSr

,

y6′ = y7
y7′ =

Sc [0. 5ηAy7 + 2Ay6′ − L0 y6 ] − SrPr [0. 5Aηy5 + 2Ay4 ]
1 − SrPrDf

(26)

(27)
.

(28)

The boundary conditions (11) will now be transformed into
y2 (0) = 1 + K 0 y3 (0), y5 (0) = −Bi1 [1 − y4 (0)], y7 (0) = −Bi2 [1 − y6 (0)],

(29)

y2 (∞) = 0, y4 (∞) = 0, y6 (∞) = 0.

(30)

Now, with the above set of the system of Equations (22–28) with the reduced boundary
conditions (29) and (30), we can proceed toward writing the MATLAB code for solving the
entire problem.

5

|

R E S U L T S AN D D I S C U S S I O N

With the help of bvp4c, the solutions of the model have been presented in graphs and tables. The
effects of various parameters on the fluid flow, heat, and mass transfer characteristics have been
depicted in Figures 2–9, whereas the shear stress, Nusselt number, and rate of mass transfer have
been computed and presented in Table 2. The present study is also compared (Table 1) with the
available results of Khalid et al31 in the literature for some particular cases and is found to be in
good agreement. In this study, the fixed values of the governing parameters are taken as β = 0.5,
M = 3.0, Sr = 0.3, Bi2 = 0.5, Pr = 0.3, Bi1 = 0.5, Df = 0.2, Gr = 0.7, Gc = 0.5, Sc = 0.1,
K 0 = 0.3, L0 = 0.5, η = 1.0, A = 0.5, and Kp = 3.0. In the figures, f ′(η), θ (η), and φ (η),
respectively, are the velocity, temperature, and concentration profiles of the Casson fluid.
Figure 2A displays the velocity profiles of the fluid for different values of unsteadiness parameter
A. It is noticed that the fluid velocity decreases near the sheet with increasing value of A, and hence,
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(B)

The effect of variation of A on (A) f ′(η) and (B) θ (η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 2

the thickness of momentum boundary layer is reduced. Figure 2B exhibits the effect of the
temperature distribution for various values of unsteadiness parameter A. It is found that the flow rate
of heat transfer decreases significantly with higher values of unsteadiness parameter. As a result, less
heat moves from the plate to the fluid and hence decreases the temperature profile. Therefore, the
velocity and temperature profiles decrease significantly near the plate with increasing values of
unsteadiness parameter, which indicates the rate of cooling is much faster near the plate.
Figure 3A shows the reduced concentration boundary layer thickness for higher values of
unsteadiness parameter. From Figure 3B, it is observed that the fluid velocity decreases with
increasing values of the magnetic parameter M. An opposite force is developed in the direction
of the fluid flow due to the presence of magnetic field, which is called as Lorentz force. The
Lorentz force has a tendency to reduce the momentum boundary layer thickness.
Figure 4A and 4B displays the effect of chemical reaction parameter L0 on the velocity and
concentration profiles of the fluid. It is perceived from the figures that the velocity of chemically
reactive fluid decreases with increasing values of the chemical reaction parameter. An increase
in the chemical reaction parameter in the fluid implies less diffusivity or less diffusion. The less
diffusion of the parameter increases the concentration profiles of the fluid.

(A)

(B)

The effect of variation of A on (A) ϕ (η) and M on (B) f ′(η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 3
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(B)

The variation in L 0 against (A) f ′(η) and (B) ϕ (η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 4

Figures 5A, 5B, and 6A display the influence of different values of thermal Biot number (Bi1)
on the velocity, temperature, and concentration profiles, respectively. It is interesting to see that
the velocity, temperature, and concentration profiles increase rapidly near the surface with
increase of the thermal Biot number. Biot numbers are related with the convective boundary
conditions of the model at the surface. Therefore, convective boundary conditions enhance the
temperature and concentration characteristics of the fluid near the sheet. Thus, the thermal and
concentration boundary layer thickness increases with increase in the value of the Biot
numbers. Figure 6B exhibits the velocity profile of the fluid for various values of Casson fluid
parameter β. The fluid velocity reduces due to the increasing values of Casson parameter, and
hence, the velocity boundary layer decreases with increasing values of it. It is important to note
that the higher value of Casson parameter leads to the Newtonian fluid. Therefore, the
momentum boundary layer thickness is larger for the Newtonian fluid than that of the non‐
Newtonian nature of the fluid as similar to Mahanta et al.25
The effects of the Soret number on velocity and concentration profiles are displayed in Figure 7A
and 7B. It is noticed that fluid velocity increases with increasing values of the Soret number. Viscosity
of the fluid falls with higher Soret effect, which leads to increase in the inertia effect. Consequently,

(A)

(B)

The variation in Bi1 against (A) f ′(η) and (B) θ (η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 5
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(B)

The variation in Bi1 against (A) φ (η) and β on (B) f ′(η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 6

(A)

(B)

The variation in Sr against (A) f ′(η) and (B) φ (η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 7

(A)

(B)

The variation in Sc against (A) f ′(η) and (B) φ (η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 8

ET AL.
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(B)

The variation in Pr against (A) θ (η) and Kp against (B) f ′(η) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 9

the velocity boundary layer thickness increases with increasing values of the Soret number. An
increase in the Soret number implies increase in the molar mass diffusivity, for which the Soret
number tends to increase the concentration boundary layer thickness.
We noticed a decreasing trend of velocity and concentration profiles for different values of the
Schmidt number in Figure 8A and 8B. From the definition, it is known that with increasing values
of Sc , it significantly produces higher kinetic viscosity. Therefore, kinetic viscosity leads to decrease
the velocity profiles near the plate, whereas the concentration boundary layer thickness increases.
Figure 9A exhibits the effect of various values of Pr on the temperature of the fluid. Both the Prandtl
number and the thermal conductivity are inversely related to each other. So, the thermal
conductivity leads to decrease the thermal boundary layer thickness with increasing values of Pr.
Figure 9B shows the effect of permeability parameter on the velocity profile. It is noticed that
for larger values of Kp, it decelerates the boundary layer thickness. It is due to the fact that when
the porosity parameter is more, the tightness of the porosity decreases near the surface, and
hence, the velocity is reduced.
In the present model, we have studied the effects of various pertinent flow parameters on the
physical quantities of practical interest, such as local skin friction, Nusselt number, and
Sherwood number, which have been presented in Table 2. It is noticed from Table 2 that the
skin friction decreases with increase in the Casson parameter, which is higher for the
Newtonian fluid. However, heat and mass transfer rate not highly significant with the Casson
number. Magnetic field is effective on the skin friction, and it enhances the skin friction due to
the additional resistance. However, it is not influencing the local Nusselt and Sherwood
T A B L E 1 Comparison of skin friction coefficient of the present model with the results in the literature in
certain limiting cases when pr = 0.3, Gr = 3, β = 0.5, M = 0.5, and Kp = 0.2
Pr

Gr

β

Khalid et al31

Present result

0.3

3

0.5

1.02992

1.029919

0.71

3

0.5

1.29166

1.291663

0.3

5

0.5

0.856995

0.856995

0.3

3

1

0.93952

0.939520
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T A B L E 2 Numerical values of skin friction, Nusselt number, and Sherwood number for various parameters
governing the model
Fixed values of the
Parameters parameters

Variation in values
of the parameters

−(1 + (1/β))f″(0)

−θ′(0)

β

0.5

5.477532

0.248432 0.249704

1.0

3.907149

0.248823 0.249779

1.5

3.132807

0.249215 0.249853

1.0

4.277831

–

–

3.0

5.477532

–

–

5.0

6.477687

–

–

0.3

5.477532

0.248432 0.249704

3.3

4.113390

0.248433 0.258234

6.3

2.049823

0.248441 0.271212

0.5

5.477532

0.248432 0.249704

1.5

4.915080

0.745285 0.251105

2.5

4.352628

1.242137 0.252505

0.3

5.663765

0.248430 0.150103

0.4

5.570649

0.248431 0.199903

0.5

5.477532

0.248432 0.249704

0.3

5.477532

0.248432 0.249704

0.5

5.513831

0.248018 0.249951

0.8

5.531579

0.247693 0.250153

0.5

5.477532

0.248432 0.249704

1.0

5.948316

0.247857 0.248767

1.5

6.112308

0.247437 0.248232

0.2

5.477532

0.248432 0.249704

2.0

5.428120

0.248491 0.249794

4.0

5.359329

0.248561 0.249944

M

Sr

Bi1

Bi2

Pr

A

Df

Gr

Gc

Sc

L0

K0

0.5

3.0

0.3

0.5

0.5

0.3

0.5

0.2

0.7

0.5

0.1

0.5

0.3

−ϕ′(0)

0.7

5.477532

–

–

2.0

5.157420

–

–

4.0

4.664939

–

–

0.5

5.477532

–

–

1.0

4.903091

–

–

1.5

4.328649

–

–

0.05

5.436178

0.248432 0.249784

0.10

5.630063

0.248437 0.249346

0.15

5.714658

0.248441 0.249025

0.1

5.757419

0.248444 0.248813

0.5

5.630063

0.248437 0.249346

0.9

4.939822

0.248428 0.250237

0.3

5.477532

–

–
(Continues)
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T A B L E 2 (Continued)
Fixed values of the
Parameters parameters

Kp

3.0

Variation in values
of the parameters

−(1 + (1/β))f″(0)

−θ′(0)

−ϕ′(0)

1.0

9.984814

–

–

2.0

16.423788

–

–

3.0

5.477532

0.248432 0.249704

4.0

17.993377

0.248441 0.249059

6.0

20.418498

0.248830 0.249294

numbers in the same way. The skin friction reduces due to the increase of the Soret number,
and the same nature continues for the thermal convective and solutal convective parameter.
However, the Nusselt number highly enhanced with increase of the thermal convective
parameter, and the Sherwood number enhanced with increase of the solutal convective
parameter. A similar phenomenon is observed due to Bi2 and Df , which shows the skin friction
decreases, whereas mass transfer rate and the diffusion rate increase with increase of the above
parameters. An increase in the values of Pr and A, the friction factor, and mass transfer rate is
enhanced, but heat transfer rate is reduced. A rise in the Schmidt number enhances the skin
friction and the heat transfer rate near the plate but the mass transfer rate reduces. When the
chemical reaction parameter increases, the shear stress and the heat transfer rate near the plate
get enhanced but reverse trend is being observed in case of mass transfer rate. With an increase
in porosity in the medium, the friction factor, the Nusselt number, and the Sherwood number
get enhanced. With increasing values of M and K 0 , the skin friction increases whereas the
reverse trends are seen in the case of higher values of Gr and Gc.

6

|

C ON C LU S I O N

We have discussed the unsteady double‐diffusive Casson fluid flow through a flat plate in the
presence of the external magnetic field and chemical reaction. The boundary condition on the
temperature and concentration is based on the convective condition while the slip constant
considered for velocity. The governing equations are solved numerically using the MATLAB
program bvp4c. A comparison is made with the earlier literature and shows a very good
agreement. We summarize the following outcomes of the present model:
• The enhancement of buoyancy force provides the accelerating effect on the fluid velocity. The
buoyancy force helps increase the concentration gradient and temperature gradient at the
surface, and hence, increase the heat and mass transfer rate near the plate.
• When the porosity parameter is more, the tightness of the porosity decreases near the surface,
and hence, the velocity is reduced and also accompanied by a reduction in heat and mass
transfer of the flow.
• The effect of skin friction decreases for increasing values of β or Sr or Bi1 or Bi2 or L0 , whereas
the Nusselt number and the Sherwood number increase in increase of Df or Sr , keeping other
parameters fixed.
• Basically, the slip parameter has a capacity to retard the motion of the fluid, and hence,
decreases the molecular movement near the surface.
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NOMEN C LAT U RE
ENGL IS H S YMBOLS

Py
Tm
C∞
B0
g
KT
CP
hf
N
N0
h2
A
Grx
Gc
M
Pr
Sr
L0
Bi1
Cf
Sh x
qw
ω
Cw
u
T
t
C
T∞
Dm
CS
Tf
h1
hs
Gr
Rex
Gcx
Kp
Df
Sc
K0
Bi2

fluid yield stress
mean fluid temperature
free stream concentration
magnetic field strength
gravitational acceleration
thermal diffusion ratio
specific heat at constant pressure
heat transfer coefficient
velocity slip factor
slip constant
mass transfer constant
unsteadiness parameter
local thermal Grashof number
solutal buoyancy parameter
magnetic parameter
Prandtl number
Soret number
chemical reaction parameter
thermal Biot number
local skin friction coefficient
local Sherwood number
heat flux on the plane of the wall
constant
wall concentration
velocity of the fluid
temperature
time
concentration of the fluid
free stream temperature
mass diffusivity
concentration susceptibility
hot fluid temperature
heat transfer constant
mass transfer coefficient
thermal buoyancy parameter
local Reynolds number
local solutal Grashof number
permeability
Dufour number
Schmidt number
slip parameter
concentration Biot number

ET AL.
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Nu x
τw
qm
Tw
(x , y )
c
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local Nusselt number
shear stress at the plate
mass flux on the plane of the wall
wall temperature
space coordinates
constant

GREEK S YMBOLS

α
β
ν
k
ρ
σ
ψ
η
θ
ϕ
βT
βC
μB
μ0

thermal diffusivity
Casson fluid parameter
kinematic viscosity
thermal conductivity
density of the fluid
electrical conductivity
stream function
similarity variable
dimensionless temperature
dimensionless concentration
volumetric coefficient of thermal expansion
volumetric coefficient of expansion with concentration
plastic dynamic viscosity of the non‐Newtonian fluid
permeability constant
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