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ABSTRACT. The current investigation aims to study Soret and Dufour effects
on MHD flow near stagnation point through a heated stretching sheet includ-
ing the impact of radiation and chemical reaction. Similarity transformations
are adopted to covert the governing equations to nonlinear ODE’s. Numeri-
cal approach has been adopted to solve the equations using MATLAB’s solver
bvp4c. The graph of velocity, temperature, and concentration distributions are
obtained for different parameters. In order to know the precision of the numer-
ical solution, comparison has been made between the current outcomes and
the outcomes present in the literature and the outcomes show fair agreement.
Soret and Dufour effects affect the species concentration and fluid temperature
to a significant extent as the former raises the species concentration close to the
surface of the stretching sheet and the latter increases the temperature of the
fluid.
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1. INTRODUCTION

Heat and mass transfer processes have become increasingly important in en-
gineering sectors. Many engineering applications involve the process of transfer
of heat past an extending sheet like metallurgical process, glass production, pu-
rification of crude oil, drawing of wires etc. So the study of stretching sheet
has gathered significant attention at the present time by modern researchers
due to its valuable applications. Ishak et al. [1] studied the transfer of heat
over an extending surface on MHD flow near stagnation point and found that
magnetic parameter and stretching velocity affect significantly the heat transfer
process.Mishra et al. [2] investigated numerically boundary layer MHD flow in
porous media through an expanding sheet under the influence of external heat.
Nandy [3] analysed MHD non-Newtonian flow of Casson fluid past an extending
surface and acquired analytic solution adopting Homotopy Analysis Method. Ali
et al. [4] carried numerical investigation due to an expanding surface on steady,
viscous, MHD flow close to stagnation point under magnetic environment. Alavi
et al. [5] adopted Keller box method to analyse numerically the effect on an
exponentially extending surface due to stagnation point MHD flow. Rashidi et
al. [6] examined analytically, transfer of heat past a vertical extending surface by
using two auxiliary parameters. Vajravelu and Nayfeh [7] studied numerically
transfer of heat over an infinite stretching sheet in present of external heat.

Ahmed et al. [8] studied analytically MHD Jeffrey fluid through an expand-
ing surface considering heat generation, thermal radiation and Joule heating.
Noghrehabadi et al. [9] investigated partial slip conditions on nanofluid flow
with heat as well as mass transfer past an extending surface. Yasmin et al. [10]
analysed the transfer of heat in MHD non-Newtonian micropolar fluid through
a curl-extended sheet. Ibrahim [11] investigated micropolar boundary layer
slip flow of second order fluid past an expanding sheet with magnetic effects.
Mohanty et al. [12] investigated, in porous medium, unsteady transfer of heat
and mass due to micropolar fluid through an extending surface. Das et al. [13]
investigated numerically unsteady nanofluid flow through a heated expanding
surface considering radiation and found that the Brownian motion parameter re-
markably affect the rate of heat transfer. Razi et al. [14] carried out numerical
study in porous medium of Williamson nanofluid through an extending surface
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considering the impact of slip parameters and magnetic effects.Important inves-
tigations on stretching sheet, porous media and nanofluid can be looked in the
literatures [15–19].

The applications of chemical reaction on flow problems are seen in many
engineering sectors viz. chemical industries, petrochemical industries, cooling
of nuclear reactors etc. Jonnadula et al. [20] studied the effect of chemically
reacting fluid in porous medium with the transfer of heat and mass on MHD
flow through an extending sheet. Numerical solution of Casson fluid flow with
slip through an extending surface with thermal diffusion and diffusion thermo
effects was obtained by Ullah et al. [21].

The present work aims to examine the impact of chemical reaction, Soret and
Dufour effect with the transfer of heat and mass on MHD flow over a stretching
sheet. The solution is obtained numerically using MATLAB’s built in solver bvp4c
and graphs are obtained for different parameters involved in the study.

2. PROBLEM FORMULATION

Consider MHD flow near stagnation point in porous medium through a heated
stretching sheet in a two dimensional system as shown in Figure 1. Fluid mixture
is incompressible, chemically reacting and electrical conducting and the fluid is
assumed steady. The x-axis is considered in horizontal direction while y-axis
is taken perpendicular to it. Normal to x-axis a uniform weak magnetic field
of strength B0 is applied, and the induced magnetic field is neglected. Let the
velocity of the free stream, stretching velocity, and temperature of the sheet be
denoted by U∞(x),Uw(x) and Tw(x), respectively.

Considering the assumptions mentioned above, the governing equations of
the problem [22] are:
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FIGURE 1. Geometric configuration

(2.3) U
∂C

∂x
+ V

∂C

∂y
= Dm

∂2C

∂y2
+
DmkT
Tm

∂2T

∂y2
−Kc1(C − C∞).

The relevant conditions on the boundaries are

(2.4) y = 0 : U = Uw(x), V = Vw(x), T = Tw(x), C = Cw(x),

(2.5) y → 0 : U = U∞(x), T = T∞(x), C = C∞(x),

where Vw(x) = −(aυ) 1
2 s0, Cw(x) = cxm + C∞, Uw(x) = ax, U∞(x) = bx and

Tw(x) = cxm + T∞; a, c > 0, b ≥ 0.
Heat flux due radiation,

qr = −
4σ∗

3k∗
∂T 4

∂y
,

where T 4 ≈ 4T 3
∞T − 3T 4

∞

When we introduce stream function ψ as U = ∂ψ
∂y

and V = −∂ψ
∂x

, then the
equation of continuity is satisfied automatically.

The following similarity transformations are employed to make equations
(2.1)-(2.3) dimensionless:
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√
a
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.

The dimensionless equations obtained using (2.6) are given by:
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(2.9) φ
′′
+ Sc(fφ
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The boundary conditions (2.4) and (2.5) are transformed to

(2.10) η = 0 : f(0) = s0, f
′
(0) = 1, θ(0) = 1, φ(0) = 1,

(2.11) η →∞ : f
′
(∞) = v0, θ(∞) = 0, φ(∞) = 0,

Skin− friction, Cfx =
τw
ρU2

e

= Re−0.5x f
′′
(0),

NusseltNumber,Nux =
1

k

xqw
(Tw − T∞)

= −Re0.5x (1 +
4

3
R)θ

′
(0),

SherwoodNumber, Shx =
xmw

Dm(Cw − C∞)
= −Re0.5x φ

′
(0).

2.1. Methodology. The equations (2.7)-(2.9) along with boundary restrictions
(2.10) and (2.11) are solved using MATLAB’s solver bvp4c. The numerical solu-
tions are represented by graphs for different parameters affecting the problem.

3. RESULTS AND DISCUSSIONS

The graphs for temperature, concentration, and velocity are obtained numer-
ically in the form of graphs for R, M, Sr, Df and kc. In the computational pro-
cedure, the parameters affecting the problems are assigned the following values
viz. s0 = 0.5, kc = 0.1, v0 = 0.1, kp = 0.5, R = 0.5, P r = 0.71, δ = 0.2,m =

0.5, Sc = 0.62,M = 0.5, Sr = 0.2 and Df = 0.2. The values of the parameter for
which the graph is obtained are changed according to the convenience whereas
the values of the remaining parameters are kept fixed. The numerical precision
of the current study is confirmed by comparing the present result for f ′′(0 )and
−θ′(0) in Table 1 and Table 2, with the outcomes in the literatures [22–24] and
the current outcomes are in fair agreement.

The consequence of Radiation parameter R on temperature, and concentra-
tion distribution are depicted in Figure 2 and Figure 3. From the figures, it is
spotted that the rise in the values of radiation parameter raises the temperature
of the fluid but decreases the species concentration. The rise in temperature
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TABLE 1. Comparison between the present result and previous
works [22–24] of f

′′
(θ) for different values of v0 and Pr =

0.71,m = 0.5, δ = 0.2,M = s0 = kp = R = kc = Sc = Df = Sr

= 0.

v0 Hayat et
al. [24]

Ibrahim et
al. [23]

Agbaje et
al. SPM
[22]

Agbaje et al.
SQLM [22]

Present
study

0.01 -0.99802 -0.9980 -0.9980 -0.9980 -0.9980
0.02 -0.99578 - -0.9958 -0.9958 -0.9958
0.05 -0.98757 - -0.9876 -0.9876 -0.9876
0.10 -0.96938 -0.9694 -0.9694 -0.9694 -0.9694
0.20 -0.91810 -0.9181 -0.9181 -0.9181 -0.9181
0.50 -0.66732 -0.6673 -0.6673 -0.6673 -0.6673
1.00 0.00 - - 0.00 0.00

TABLE 2. Comparison −(1 + 4
3
R)θ

′
(0) of the present result with

[23] and [22] for different values of v0 and Pr when the values of
other parameters are M = s0 = Sr = Df = kp = R = kc = Sc =

m = δ = 0.

v0 Pr Ibrahim et
al. [23]

Agbaje et
al. SPM
[22]

Agbaje et
al. SQLM
[22]

Present
study

0.1 1.0 0.6022 0.6022 0.6022 0.6022
0.2 1.0 0.6245 0.6245 0.6245 0.6245
0.5 1.0 0.6924 0.6924 0.6924 0.6925
0.1 1.5 0.7768 0.7768 0.7768 0.7768
0.2 1.5 0.7971 0.7971 0.7971 0.7971
0.5 1.5 0.8648 0.8648 0.8648 0.8648

of the fluid is due to the increase in heat flux associated with the larger values
of thermal radiation. Mathematically radiation parameter is inversely propor-
tional to Rosseland absorption coefficient k∗, i.e., increasing the values of R will
simultaneous decreases k∗. Therefore decrease in the value of k∗ will imply high
radiative heat flux thereby increasing the fluid temperature.
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The distribution of velocity, temperature, and concentration for various values
of magnetic parameter M are portrayed in Figures 4, 5 and 6. It is seen in Figure
4 that the magnetic field have a retarding effect on the fluid velocity as the
higher values of M reduces the velocity of the fluid. The magnetic field give rise
to an opposing force known as Lorentz force which is responsible for decay of
the velocity field. From Figure 5 and Figure 6, it is noticed that the temperature
and concentration increases when the value magnetic parameter is raised. Both
the temperature and species concentration is more near the surface of the sheet
but as we go away from the sheet in the y-direction the temperature as well as
concentration drops.

The impact of Soret number Sr on temperature and concentration profiles
are depicted in Figure 7 and Figure 8 respectively. The effect of Soret number
is profoundly seen on the species concentration of the fluid. The rise in Soret
number increases the species concentration. There is negligible increase in tem-
perature with the increasing values of Soret number as depicted in Figure 7.
Soret number is ratio of temperature difference (i.e.Tw−T∞) and concentration
difference (i.e.Cw −C∞), so raising the value of Sr simultaneously increases the
temperature difference and decreases the concentration difference which ulti-
mately raises the species concentration and decreases the fluid temperature as
evident from the graphs.

The impact of Dufour number Df on fluid temperature and concentration
are represented in Figure 9 and Figure 10 respectively. It is spotted that the

FIGURE 2. Variation of
temperature due to R

FIGURE 3. Variation of
concentration due to R
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FIGURE 4. Variation of
velocity due to M

FIGURE 5. Variation of
temperature due to M

FIGURE 6. Variation of
concentration due to M

FIGURE 7. Variation of
temperature due to Sr

FIGURE 8. Variation of
concentration due to Sr

FIGURE 9. Variation of
temperature due to Df
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FIGURE 10. Variation of
concentration due to Df

FIGURE 11. Variation of
temperature due to kc

FIGURE 12. Variation of
concentration due to kc

rise in Dufour number boosts the fluid temperature but decreases the species
concentration. Dufour number is the ratio between concentration difference
(i.e.Cw − C∞) and temperature difference (i.e.Tw − T∞), so raising the Dufour
number will increase the concentration difference and decrease the temperature
difference which ultimately decreases the species concentration and increases
the temperature of the fluid as evident from the graphs.

The influence of dimensionless chemical reaction kc on temperature, and con-
centration distribution are represented in Figure 11 and Figure 12 respectively.
From Figure 11, it is spotted that growth in the value of increases the temper-
ature close to the surface of the sheet but the rise in temperature is very small.
From Figure 12, it is spotted that the rise in value of kc decreases the species



864 K. Verma, S. Basfor, and B. R. Sharma

concentration of the fluid because molecular diffusivity decreases with the rise
in kc.

The effect of R,Sr,Df and kc on the transfer of heat and mass have been pre-
sented in Table 3. The rise in Sr enchances the rate of heat transfer and retards
the rate of mass transfer but a reverse case is observed in case of Df , Kc, and R.

TABLE 3. Numerical values of −θ′(0) and −φ′(0) for Sr,Df , kc and
R when the values of other parameters are taken as M = 0.5, v0 =

0.1, kp = 0.5,m = 0.5, P r = 0.71, Sc = 0.62 and δ = 0.2.

Sr Df kc R −θ′(0) −φ′(0)
0 0.2 0.1 0.5 0.3195 0.7953
0.2 0.2 0.1 0.5 0.3216 0.7718
0.5 0.2 0.1 0.5 0.3247 0.7357
1.0 0.2 0.1 0.5 0.3301 0.6730
0.2 0.2 0.1 0.5 0.3216 0.7718
0.2 0.4 0.1 0.5 0.2540 0.7790
0.2 0.8 0.1 0.5 0.1154 0.7938
0.2 1.0 0.1 0.5 0.0443 0.8014
0.2 0.2 0 0.5 0.3268 0.7064
0.2 0.2 0.5 0.5 0.3054 0.9723
0.2 0.2 1.0 0.5 0.2903 1.1595
0.2 0.2 1.5 0.5 0.2779 1.3131
0.2 0.2 0.1 0 0.5312 0.7416
0.2 0.2 0.1 0.1 0.4625 0.7489
0.2 0.2 0.1 0.2 0.4074 0.7547
0.2 0.2 0.1 0.3 0.3627 0.7594

4. CONCLUSION

The present investigation analyses the importance of transfer of heat and mass
past a heated stretching sheet with Soret and Dufour effects near stagnation
point on MHD flow. Important results derived from the study are listed below:

(1) Magnetic parameter retards the growth of the fluid velocity.
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(2) Fluid temperature grows when the values of radiation parameter, mag-
netic parameter, chemical reaction parameter and Dufour number are
raised whereas Soret number retards the growth of fluid temperature.

(3) Larger values of magnetic parameter and Soret number boosts the fluid
concentration whereas rise in the values of chemical reaction parameter,
Dufour number and radiation parameter decreases the fluid concentra-
tion.

TABLE 4. Nomenclature

a,b,c,m Constants T∞ Fluid temperature far away
from the sheet

B0 Magnetic Field Tw(x) Temperature of the sheet
Cfx Skin-friction coefficient U, V Velocity in x and y direc-

tions
cp Specific heat at constant

pressure
Uw(x) Stretching velocity

Cw(x) Concentration near the
sheet

U∞(x) Free stream velocity

f
′ Dimensionless velocity Vw(x) Mass flux velocity
k Thermal conductivity s0 Suction/injection velocity
kc Chemical reaction parame-

ter
α Thermal diffusivity

k∗ Rosseland absorption coef-
ficient

δ Dimensionless heat genera-
tion /absorption coefficient

R Radiation parameter η Similarity Variable
Nux Nusselt number v0 Velocity ratio parameter
M Magnetic parameter kp Permeability parameter
Pr Prandtl number µ Dynamic viscosity
qr Radiative heat flux ν Kinematic viscosity
qw Surface heat flux ρ Density of the fluid
Rex Local Reynolds number σ∗ Stefan-Boltzman constant
Shx Sherwood number θ Non-dimensional tempera-

ture
T Fluid Temperature ψ Stream function
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(4) Rate of heat transfer enhances with the growth in Soret number but it
falls with the growth in Dufour number, chemical reaction parameter
and radiation parameter.

(5) Mass transfer rate enhances, when the values of Dufour number, Chem-
ical reaction parameter and radiation parameter are raised but it de-
creases with the rise in Soret number.
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