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Abstract This communication addresses the thermophoresis and Brownian motion effects on magnetohydrodynamic radiative Falkner-Skan flow of Casson fluid over a wedge with convective condition. In most of the existing studies thermal radiation is linear. Due to the noticeable significance
of the numerous industrial as well as engineering applications, in this study we measured the thermal radiation is nonlinear. Numerical results are presented graphically as well as in tabular form
with aid of Runge-Kutta and Newton’s methods. Effects of pertinent parameters on velocity,
temperature and concentration distributions are presented and discussed for three wedge positions
(i.e. static wedge, forward and backward movements of wedge). For engineering interest we also
computed friction factor, heat and mass transfer rates. It is observed that thermal, concentration
and momentum boundary layers are not uniform at different wedge positions. It is also observed
that the heat and mass transfer rate is high when the wedge is moving in forward direction.
Ó 2016 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
The famous Falkner-Skan equation played a significant role in
the growth of fluid dynamics. This equation was first proposed
for boundary layer flow driven by a stream wise pressure gradient. The equation f 000 þ ff 00 þ kð1  f 02 Þ ¼ 0, with the common boundary conditions fð0Þ ¼ b; f 0 ð0Þ ¼ c and f 0 ð1Þ ¼ 1
where b is the strength of the mass transfer at the wall,
k ¼ 2m=m þ 1 is a stream wise pressure gradient. The original
Falkner-Skan equation involved b ¼ 0; c ¼ 0 for a fixed and
impermeable wedge flow. For developing the Ludwig Prandtl
boundary layer theory, the governing partial differential equa* Corresponding author.
E-mail address: dr.nsrh@gmail.com (N. Sandeep).
Peer review under responsibility of Faculty of Engineering, Alexandria
University.

tions are transformed into ordinary differential equations with
aid of similarity transformation; currently it is well known as
Falkner-Skan flow equation. The overview of flow over a
wedge was given by [1–4]. The wedge is triangular shaped,
which can be used in the process of separating the two objects,
hold an object in a plane and lifting up an object. A wedge converts the lateral force into a transverse splitting force. Owing
view into this the authors [5–7] presented the analytical as well
as numerical solutions of flow past a wedge with various flow
properties. With continuation of this Alizadeh et al. [8] analyzed the Falkner-Skan flow over a wedge by using a domain
decomposition method (ADI). Analytical solution of
Falkner-Skan equation over a stretching sheet in the presence
of suction or injection was illustrated by Afzal [9] and highlighted that suction parameter plays no role in the estimation
of friction factor coefficient, but it plays stabilizer character
to the stream function. Fang et al. [10] studied the algebraic
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Nomenclature
u; v
x
y
cp ; cs
T
C
g
af
ðqcp Þf
ðqcp Þp
c
B0
C
k
g
r
r
k
hf
q
m
l
l1
Tw ; T1
Uw ; U1

velocity components in x and y directions respectively (m=s)
distance along the surface (m)
distance normal to the surface (m)
specific heat capacity at constant pressure
(J=Kg K)
temperature of the fluid (K)
concentration of the fluid (Moles=kg)
acceleration due to gravity (m=s2 )
diffusion coefficient (m2 =s)
heat capacity of the fluid (kg=m3 K)
effective heat capacity of the nanoparticle medium
(kg=m3 K)
moving wedge parameter
magnetic induction parameter
time constant
thermal conductivity (W=m K)
similarity variable
electrical conductivity (S=m)
stefan-Boltzmann constant (W=m2 K4 )
mean absorption coefficient
heat transfer coefficient
density of the fluid (kg=m3 )
kinematic viscosity (m2 =s)
dynamic viscosity of the fluid (kg=ms)
viscosity of the ambient fluid
temperatures near and far away from the surface
velocities near and far away from the surface

decaying velocity influence on Falkner-Skan flow in the presence of prescribed power-law wall temperature properties.
With this they decided that the flow is controlled by the wall
motion.
For demonstrating the non-Newtonian flow performance,
Navier-Stokes equation is not sufficient. Therefore must essential some physical models to fill up this gap such as Casson,
power-law fluids, Carreau model, Maxwell, Oldroyd-B fluid,
and Cross and Ellis model it has demanded applications in various fields such as drawing of plastic films, conveyor belt, insulating materials, aerodynamics, aeronautical, metal spinning
processes and paper production. The physical behaviors of
non-Newtonian fluid flows are currently exciting to the engineers, scientist as well as mathematicians. The main drawbacks
of these are complex in nature, but there is no single constitutive equation for demonstrating all non-Newtonian fluid flow
properties. Inspired by this theory the authors [11–21]
described the solutions of Newtonian as well as nonNewtonian fluid flows with various flow characteristics. Brownian motion and thermophoresis are the heat and mass transfer mechanism of movement of small particles in the way of
diminishing thermal as well as concentration gradients. It
affects the small particles associated with the bleak surfaces.
It has challenging applications in different fields such as aerospace, hydrodynamics, nuclear safety processes, environmental, aerosol technology and atmosphere pollution. Initially,
the dynamic theory of Brownian motion was given by Nelson

Cw ; C1 concentration near and far away from the surface
DB ; Dm diffusion coefficient (m2 =s)
Dimensional less parameters
Skin friction coefficient
Cfx
Nux
local Nusselt number
Shx
local Sherwood number
h
dimensionless temperature
/
dimensionless concentration
f
dimensionless velocity
Rex
local Reynolds number
Pr
Prandtl number
Le
Lewis number
M
magneticfield parameter
b
Casson fluid number
n
power-law index parameter
R
thermal radiation parameter
Bi
Biot number
hw
temperature parameter
Nt
thermophoresis parameter
Nb
Brownian motion parameter
k
wedge angle parameter
Subscripts
w
condition at the wall
1
condition at the free stream

[22]. Furthermore, many researchers focused on the thermophoresis and Brownian motion effects along with some
other flow properties on MHD flow by choosing the various
nano and Ferro particles with different flow geometries
[23–28]. These researchers concluded that the ferro and
nanoparticles help to improve the thermal conductivity of
the suspended fluid.
Recently, Khan et al. [29] discussed the third grade fluid
flow over a heated stretching surface filled with nanoparticles
in the presence of convective condition. Three-dimensional
flow characteristics of Oldroyd-B nanofluid past a stretching
surface with thermal radiation were numerically investigated
by Shehzad et al. [30] and found that thermal radiation
improves the temperature profiles of the flow. Jasmine Benazir
et al. [31] analyzed the non-uniform heat generation/absorption effect on unsteady MHD Casson fluid flow past a flat
plate and a cone. In this study they highlighted that the nonuniform heat source/sink parameter encourages the temperature profiles. A magnetic field effect on three-dimensional
Sisko nanofluid flow over a stretching surface filled with
nanoparticles was studied by Hayat et al. [32]. Khan et al.
[33] illustrated stagnation point flow of nanofluid through a
radiative stretching surface in the presence of variable viscosity
and non-aligned magnetic field. Abbasi et al. [34] analyzed the
mixed convection on Maxwell nanofluid over a stretching
surface in the presence of heat source/sink and highlighted that
the heat generation/absorption coefficients improve the
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ing sheet. The rheological model for an isotropic flow of Casson fluid is given by Raju and Sandeep [21]:
s1=n ¼ s1=n
c1=n
0 þ l_
( 
pﬃﬃﬃﬃﬃﬃ
2 lB þ py = 2p eij ;
si;j ¼
pﬃﬃﬃﬃﬃﬃ

2 lB þ py = 2p eij ;

Figure 1

Physical configuration of the flow model.

thermal boundary layer. The thermophoresis effect on magnetohydrodynamic flow over a heated permeable radiative plate
in the presence of variable viscosity was examined by Makinde
et al. [35]. Shehzad et al. [36] illustrated the three-dimensional
magnetohydrodynamic flow of Jeffrey nanofluid in the presence of thermal radiation and heat generation. Heat transfer
characteristics of stagnation point flow of MHD Casson fluid
through a stretching surface in the presence of convective condition and slip effect were discussed by Ibrahim and Makinde
[37]. Khan et al. [38] depicted the convective conditions on Blasius flow of power-law fluid over a heated plate filled with
nanoparticles. Peristaltic flow characteristics of nanofluid with
temperature dependent viscosity were examined by Abbasi
et al. [39] and concluded that the velocity and temperature profiles are enhanced with improved values of variable viscosity
parameter.
All the above mentioned studies concentrated on the flow
over a wedge with chemical reaction, magnetic field and heat
source/sink parameters. Still there is no study has been
reported yet up to the author’s knowledge on the exploration
of thermophoresis and Brownian motion effects on magnetohydrodynamic Falkner-Skan flow over a wedge in the presence
of nonlinear thermal radiation and convective condition. With
the help of similarity transformations, we transformed the
derived governed equations as ordinary nonlinear differential
equations. The mathematical solutions are determined by
applying Runge-Kutta and Newton’s methods. Graphs are
revealed and described for various non-dimensional governing
parameters. By choosing the same parameters, we discussed
about the skin friction coefficient, local Nusselt number and
Sherwood number with the assistance of tables separately.
2. Mathematical formulation
Consider steady, two dimensional magnetohydrodynamic
Falkner-Skan flow of a Casson fluid over a wedge in the presence of Brownian motion and thermophoresis effects. The
total angle of the wedge is X ¼ kp. k ¼ 2m=m þ 1 is the wedge
angle parameter. The velocities at the wedge and free stream
are uw ðxÞ ¼ Uw xm and ue ðxÞ ¼ U1 xm respectively. Similarly
the temperature and concentration at the boundary and free
stream are denoted by Tw ; T1 and Cw ; C1 . A variable magnetic field BðxÞ ¼ B0 xm1=2 is applied to the flow direction as
shown in Fig. 1. The flow is generated due to the linear stretch-

ð1Þ
p  pc
p  pc

ð2Þ

In the above equation p ¼ eij eij and eij is the ði; jÞ th component of the deformation rate, p the product of the component
of deformation rate with itself, pc is a critical value of this product based on the non-Newtonian model, pB is the plastic
dynamic viscosity of non-Newtonian fluid, and py is the yield
stress of the fluid. The anonymous researchers have suggested
the value of n = 1. However, in many applications this value is
n > 1.
According to the above assumption the governing boundary layer equations are given by
@u @v
þ
¼ 0;
@x @y




@u
@u
due
1 @ 2 u rB2 ðxÞ
u
þv
¼ ue
ðue  uÞ;
þt 1þ

@x
@y
b @y2
q
dx


 2 !
@T
@T
k @2T
@T @C DT @T
þv
¼
þ
þ s DB
u
@x
@y
qcp @y2
@y @y T1 @y


16r @
@T
T3
;
þ 
3k qcp @y
@y


@C
@C
@ 2 C DT @ 2 T
;
þv
¼ DB 2 þ
u
T1 @y2
@x
@y
@y

ð3Þ
ð4Þ

ð5Þ
ð6Þ

The corresponding boundary conditions are as follows:
 
@T
¼ hf ðTw  TÞ; C ¼ Cw at y ¼ 0;
u ¼ uw ðxÞ; v ¼ 0; kf
@y
u ! ue ; T ! T1 ; C ! C1 ;

at y ¼ 1;
ð7Þ

In the above equations b ! 1 deals with Newtonian fluid
and b 6 0; b P 0 deals with non-Newtonian fluid. To transform the governing partial differential equations into set of
coupled nonlinear ordinary differential equations, we now
introduce the following similarity transformation

0:5

0:5
2txue
ðm þ 1Þue
@w
@w
; v¼ ;
fðgÞ; g ¼
y; u ¼
w¼
@y
@x
mþ1
2tx
C  C1
Tw
/ðgÞ ¼
; hw ¼
;T ¼ T1 ð1 þ ðhw  1ÞhðgÞÞ or
Cw  C1
T1
T ¼ T1 þ ðTw  T1 ÞhðgÞ
ð8Þ
Eq. (8) automatically satisfies the continuity Eq. (3). Eqs.
(4)–(7) are transformed as,


1 000
1þ
f þ Mðf 0  1Þ þ ff 00 þ kð1  f 02 Þ ¼ 0;
b

ð9Þ

h00 þ Prfh0 þ PrNth02 þ PrNtNbh0 /0 þ h00 R½1 þ ðhw  1Þh3
þ 3Rðhw  1Þh02 ½1 þ ðhw  1Þh2 ¼ 0;
Nt 00
/00 þ Sc
h þ Scf/0 ¼ 0;
Nb

ð10Þ
ð11Þ
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The transformed boundary conditions are as follows:
0

0

f ¼ 0; f ¼ c; h ðgÞ ¼ Bið1  hðgÞÞ; / ¼ 1 at g ¼ 0;
f 0 ¼ 1; h ¼ 0; / ¼ 0; at g ! 1;

ð12Þ

where b is the Casson fluid parameter, M is magnetic field
parameter, k is the wedge angle parameter, c > 0 is for wedge
moving in the same direction, c < 0 is for wedge moving in
the opposite directions, c ¼ 0 is for the static wedge case
(Stewartson [3]) and the various non-dimensional parameters
are given by
k ¼ 2m=m þ 1; M ¼ 2rB20 =qU1 ðm þ 1Þ; c ¼ Uw =U1 ;
Pr ¼ lcp =j; s ¼ ðqcP Þp =ðqcP Þf ; Sc ¼ a=DB

Table 1

ð13Þ

Nb ¼ DB sðCw  C1 Þ=m; Nt ¼ DT sðTw  T1 Þ=mT1 ;
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Nr ¼ 4r T31 =kk ; Bi ¼ hf =kf 2xt=ðm þ 1Þue
For engineering interest physical quantities are the local
shear stress coefficient, local Nusselt and local Sherwood numbers Cfx ; Nux and Shx are given by


1
1 þ f 00 ð0Þ;
ð14Þ
b


pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4
3
Re1=2
Nux 2=ðm þ 1Þ ¼  1 þ Rð1 þ ðhw  1Þhð0ÞÞ h0 ð0Þ; ð15Þ
x
3
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Re1=2
Shx 2=ðm þ 1Þ ¼ /0 ð0Þ;
ð16Þ
x
Re1=2
x Cfx ¼

Variations in Skin friction coefficient for different values of M; Nb; Nt; Bi; Nr; b with the c < 0; c ¼ 0; c > 0.

M

Nt

b

Nb

Bi

Nr

c¼0

c>0

c<0

1
2
3

4.136165
4.803144
5.389901
3.345790
3.345790
3.345790
3.345790
3.345790
3.345790
4.627508
3.345790
2.834379
3.345790
3.345790
3.345790
3.334551
3.334551
3.334551

3.387705
3.910212
4.372118
2.773906
2.773906
2.773906
2.773906
2.773906
2.773906
3.826792
2.773906
2.351038
2.773906
2.773906
2.773906
2.766006
2.766006
2.766006

4.842445
5.660493
6.376383
3.863632
3.863632
3.863632
3.863632
3.863632
3.863632
5.360011
3.863632
3.271114
3.863632
3.863632
3.863632
3.848195
3.848195
3.848195

2
3
4
0.2
0.5
0.8
1
2
3
0.1
0.2
0.3
0.1
0.2
0.3

Table 2
M

Deviations in local Nusselt and Sherwood numbers at different non-dimensional parameters.
Nt

Nb

b

Bi

Nr

2
3
4
0.2
0.5
0.8
1
2
3
0.1
0.2
0.3
0.1
0.2
0.3
1
2
3

Local Nusselt number

Local Sherwood number

c¼0

c>0

c<0

c¼0

c>0

c<0

0.344475
0.347705
0.350103
0.338519
0.334772
0.330492
0.340798
0.342179
0.343543
0.331912
0.339682
0.343735
0.092059
0.148381
0.188898
0.339682
0.517820
0.687203

0.356069
0.358001
0.359486
0.352387
0.349330
0.345905
0.354283
0.355437
0.356579
0.348901
0.353350
0.355785
0.094180
0.144675
0.189726
0.353350
0.537677
0.712720

0.329612
0.334905
0.338684
0.319789
0.315067
0.309557
0.322597
0.324288
0.325959
0.307670
0.321231
0.327914
0.089111
0.130029
0.165021
0.321231
0.492266
0.655385

0.271506
0.277057
0.281396
0.260359
0.241570
0.230117
0.460769
0.463117
0.463888
0.409821
0.441859
0.461025
0.450753
0.441859
0.435774
0.440941
0.444970
0.447652

0.287858
0.292174
0.295574
0.277579
0.253595
0.232992
0.534497
0.537337
0.538271
0.487450
0.511634
0.526196
0.522857
0.511634
0.503579
0.511098
0.515855
0.519024

0.255515
0.262272
0.267525
0.243447
0.231630
0.232310
0.383180
0.384853
0.385401
0.329968
0.369695
0.393548
0.375573
0.369695
0.365965
0.368132
0.370880
0.372790
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3. Results and discussion
The non-dimensional governing Eqs. (9)–(11) and subject to
the corresponding boundary conditions (12) are solved numerically using Runge-Kutta and Newton’s methods. In order to
exploring the results, the numerical solutions are carried out
for different values of non-dimensional governing parameters
on the flow, heat and mass transfer of Casson fluid flow
over a wedge. For numerical computations we fix the nondimensional values as Le ¼ 1; R ¼ 0:5; b ¼ 0:2; Nb ¼
0:3; Nt ¼ k ¼ Bi ¼ 0:2; Pr ¼ 6:2; M ¼ 2; hw ¼ 1:1. These
values are preserved as common in the entire analysis except
the different values are displayed in specific figures and tables.
In this study, c ¼ 0 indicates the static wedge, c < 0 indicates
the wedge moving in the opposite direction, c > 0 indicates
the wedge moving in the same direction.
Table 1 displays the variation in skin friction coefficient for
different values of the magnetic field parameter, Biot number,
nonlinear thermal radiation, Casson fluid parameter, thermophoresis and Brownian motion parameters for various
wedge movements. It is clear that the magnetic field parameter
boosting the friction factor coefficients for all three cases. It is
interesting to declare that friction factor coefficient is less in
c > 0 case when compared with c ¼ 0; c < 0 cases. At this
point we are able to highlight that if we want to reduce the friction between the particles we can use c > 0 case. The precisely
reverse trend was perceived in the presence of Casson fluid
parameter. Due to the highly viscous nature in the flow we
saw decrement in friction factor coefficient. It is pointed out
from the table that the skin friction coefficient is higher in
c < 0 case when comparing with the other two cases.
Table 2 demonstrates the variation in local Nusselt and
Sherwood numbers for different values of non-dimensional
parameters. It is observed that the heat and mass transfer rates
are motivated with improving values of Casson fluid parameter, Brownian motion and magnetic field parameters for all
the three cases. Growing values of Biot number minimize the
heat transfer rate and maximize the mass transfer rate. The
reverse behavior was shown in the presence of thermal radiation. Due to nonlinear radiation in the flow, we have seen a
decrement in heat transfer rate, and this can lead to enhance
the mass transfer rate. The heat and mass transfer rates are
high in c > 0 case, while equated with c ¼ 0; c < 0 cases. From
this we can conclude that for reducing the heat and mass transfer rates static and opposite movement of wedge cases is helpful and encouraging the heat and mass transfer rates c > 0 case
is helpful. Validation of the present results with the published
results is displayed in Table 3. We found a favorable agreement under some special limited case.

Figure 2

Figure 3

Effect of Nt on temperature field.

Effect of Nt on concentration field.

Table 3 Comparison of skin friction coefficient for various
values of m when b ! 1; Nb ¼ Nt ¼ Le ¼ Nr ¼ M ¼
R ¼ Bi ¼ 0.
m
0.05
0.0
0.333
1.0

f 00 ð0Þ
Mukhophadyay et al. [41]

Yin [40]

Present results

0.21380
0.33220
0.75758
1.23271

0.21348
0.33323
0.75745
1.232588

0.21376
0.33220
0.75758
1.23271

Figure 4

Effect of Bi on temperature field.
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Figure 5

Effect of Bi on concentration field.

Figure 6

Effect of Nr on temperature field.

Figure 7

Effect of b on velocity field.

Figure 8

Effect of b on temperature field.

Figure 9

Effect of b on concentration field.

Figure 10

Effect of Nb on temperature field.
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Figure 14
Figure 11

Figure 12

Figure 13

Effect of hw on temperature field.

Effect of Nb on concentration field.

Effect of M on velocity field.

Figure 15

Variation in local Nusselt number against M and b.

Effect of M on temperature field.

Figure 16

Variation in local Nusselt number against Nt and Nb.
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Variation in local Nusselt number against Bi and Nr.

Figure 18
Nb.

Variation in local Sherwood number against Nt and

Figure 19
Nr.

Variation in local Sherwood number against b; Bi and

Figure 20

Variation in friction factor against M and b.

Figs. 2–13 exhibit the variations of velocity, temperature
and
concentration
fields
for
varied
values
of
Nt; Bi; Nr; b; Nb and M correspondingly. Figs. 2–5 are
plotted to examine the effect of thermophoresis parameter
and Biot number on temperature and concentration fields for
the c > 0; c ¼ 0; c < 0 cases. The temperature and concentration fields are improved for growing values of thermophoresis
parameter and Biot number. This fact specifies that the distribution of nanoparticles is high due to the dominance of thermophoresis parameter; these plots are displayed in Figs. 2
and 3. The ratio of the heat transfer coefficient to thermal conductivity of the fluid particles is high. This can lead to improve
the temperature as well as concentration fields with existing of
Biot number, which are observed in Figs. 4 and 5. The effect of
thermal radiation on temperature field is shown in Fig. 6. The
thermal radiation parameter validates physical behavior. Rising values of thermal radiation generates internal heat energy,
and this can support to boosting the temperature field. It is
also observed that nonlinear thermal radiation is highly effective on c < 0 case when compared with c > 0; c ¼ 0 cases.
From Figs. 7–9 it is observed that due to the less dominance
of viscous forces we have perceived declination in temperature
and concentration fields whereas development in velocity field
with the existing of Casson fluid parameter. It is important to
point out that the heat transport phenomenon is very high and
velocity field is very low in c < 0 case as compared with
c > 0; c ¼ 0 cases. Because of low domination of material
properties in Figs. 10 and 11 we have seen decrement in the
temperature and concentration fields with improved values
of Brownian motion parameter. The dispersion material property is very low in c < 0 case when equated with c > 0; c ¼ 0
cases. Figs. 12 and 13 depict the effect of magnetic field parameter on velocity and temperature field for c > 0; c ¼ 0; c < 0
cases. It is evident that rising values of magnetic field parameter develop the momentum boundary layer and decline the
thermal boundary layer. If there is a less suppression of Lorentz force it leads to deprecation in temperature and development in velocity field with progressive values of magnetic field
parameter. The effect of temperature ratio parameter on temperature field is displayed in Fig. 14. It is clear that rising values of the temperature ratio parameter enhances the
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temperature profiles of all three wedge movement cases. It is
also observed that the effect of temperature ratio is high on
the backward wedge movement case.
Figs. 15–20 depict the variation in local Nusselt and Sherwood numbers along with friction factor against the nondimensional governing parameters for various wedge movements. It is evident from the Figs. 15–17 that the rising values
of the magnetic field parameter, Casson parameter, Brownian
motion parameter, Biot number and thermal radiation parameter enhances the heat transfer rate but reverse trend has been
observed for increasing values of the thermophoresis parameter for all three wedge movements. From Figs. 18 and 19 it is
clear that rising values of the thermophoresis, Brownian
motion parameters and Biot number declines the mass transfer
rate. But thermal radiation and Casson parameters have tendency to enhance the mass transfer rate. From Fig. 20 it is
noticed that increasing values of magnetic field encourage
the wall friction but Casson parameter declines the same.
4. Conclusion
The nonlinear thermal radiation with combination of thermophoresis and Brownian motion parameters has many real
time engineering as well as aerosol industrial applications.
Owing view into this, thermophoresis and Brownian motion
effects on magnetohydrodynamic radiative Casson fluid flow
over a wedge are studied. The arising sets of nonlinear differential equations are solved numerically using Runge-Kutta
and Newton’s methods. For engineering importance, we also
computed the friction factor coefficient, local Nusselt and
Sherwood numbers. The conclusions are as follows:
 Thermal, concentration and momentum boundary layers
vary for different wedge positions.
 The temperature and concentration fields are effective at
c < 0 case when compared with c ¼ 0; c > 0 cases.
 The higher heat and mass transfer rates process for the forward wedge movement.
 The static wedge case is helpful for controlling the flow,
temperature and concentration fields as well as local Nusselt and Sherwood numbers.
 Casson parameter have tendency to enhance the heat and
mass transfer rate at all wedge positions.
 Nonlinear thermal radiation parameter enhances the thermal boundary layer thickness.
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