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Abstract

The heat and mass transfer analysis for MHD Casson fluid boundary layer flow over a permeable
stretching sheet through a porous medium is carried out. The effect of non-uniform heat gener-
ation/absorption and chemical reaction are considered in heat and mass transport equations corre-
spondingly. The heat transfer analysis has been carried out for two different heating processes namely;
the prescribed surface temperature (PST) and prescribed surface heat flux (PHF). After transforming
the governing equations into a set of non-linear ordinary differential equations, the numerical solutions
are generated by an efficient Runge-Kutta-Fehlberg fourth-fifth order method. The solutions are found
to be dependent on physical parameters such as Casson fluid parameter, magnetic parameter, porous
parameter, Prandtl and Schmidt number, heat source/sink parameter, suction/injection parameter
and chemical reaction parameter. Typical results for the velocity, temperature and concentration
profiles as well as the skin-friction coefficient, local Nusselt number and local Sherwood number are
presented for different values of these pertinent parameters to reveal the tendency of the solutions.
The obtained results are compared with earlier results with some limiting cases of the problem and
found to be in good agreement.
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1 Introduction

T
he problems of heat, mass and momen-
tum transfer in the boundary layer towards

stretching surface have received great attention
during the last decades owing to the abundance
of practical applications. Particularly, in chemi-
cal and manufacturing processes such as polymer
extrusion, enhanced oil recovery, metal spinning,
packed bed catalytic reactors, transpiration cool-
ing, continuous casting of metals, glass and fiber
production, hot rolling of paper and wire draw-
ing. Sakiadis [1] did a pioneering work on bound-
ary layer flow on a continuously moving stretch-
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ing surface. Thereafter, numerous investigations
were made on the heat and mass transfer over
a stretching surface in different directions ([2]-
[5]). On the other hand, the influence of magnetic
field is important in MHD generators, bearings,
pumps and several industrial equipments. Its rel-
evance can also be seen in the boundary layer con-
trol which is affected by the interaction between
the magnetic field and an electrically conducting
fluid. Keeping this in view, many investigators
have shown their interest to study the behavior
of boundary layers in the presence of a transverse
magnetic field (see [6]-[10]).

All the above-said investigations are regarding
”heat and mass transfer analysis of Newtonian
fluid”. Some fluids like blood, food stuffs, slur-
ries, molten plastics, polymeric liquids, artificial
fibers and synovial fluid exhibit non-Newtonian
fluid characteristics. Such fluids exhibit shear-
stress-strain relationships which diverge signifi-
cantly from the Newtonian model. Most of non-
Newtonian models involve some form of modifi-
cation to the momentum conservation equations
[11]. In the category of non-Newtonian fluids, the
Casson fluid has distinct features and was pre-
sented by Casson in 1995 [12]. It has significant
applications in polymer processing industries and
biomechanics. The Casson fluid model is some-
times stated to fit rheological data better than
the general viscoplastic model for many materi-
als [13].

Elbade and Salwa [14] investigated the heat
transfer characteristics of Casson fluid flow be-
tween rotating cylinders in the presence of a mag-
netic field. Boyd et al [15] analyzed the Casson
and Carreau-Yasuda non-Newtonian blood mod-
els with steady and oscillatory flow. They em-
ployed Lattice Boltzmann method to solve the
governing equations. Hayat et al [16] obtained
the series solutions for MHD Casson fluid flow
over a stretched surface with Soret and Dufour
effects. Mustafa et al [17] discussed an unsteady
boundary layer flow of Casson fluid due to an im-
pulsively started moving flat plate. Later, the
magnetohydrodynamic boundary layer flow of a
Casson fluid over an exponentially shrinking per-
meable sheet has been analyzed by Nadeem et al
[18]. Recently, Swati et al [19] have studied two
dimensional boundary layer flow and heat trans-
fer of Casson fluid over an unsteady stretching
surface.

On the other hand, the study of flow and
heat transfer in porous media has received much
attention due to its industrial and technologi-
cal applications. Other porous media problems
like insulation engineering and geo-mechanics,
Darcy porous media model have been employed in
convectional approach to simulate pressure drop
across the porous regime. It is important to note
that, porous materials can be used to enhance
the rate of heat transfer from stretching surfaces.
An excellent literature review on flow through
porous media can be found viz. Starov and Zh-
danov [20], Kiwan and Ali [21], Rashidi and Es-
maeel [22], Tamayol et al [23], Gireesha et al [24],
Sheikholeslami and Ganji [25], Rashidi et al [26].
Further, in many engineering applications, the ef-
fect of wall mass transfer has their own impor-
tance, for instance, in thermal oil recovery, thrust
bearing and radial diffusers. Its relevance is also
seen in adding and removing reactants in chem-
ical processes. In view of these applications, the
effect of uniform suction on nanofluid flow and
heat transfer due to a stretching cylinder was ex-
amined by Sheikholeslami [27]. He found that,
the wall shear stress is increased by strengthen-
ing suction effect. Pramanik [29] examined the
Casson fluid flow and heat transfer towards an
exponential porous stretching surface in the pres-
ence of suction/blowing. Recently, Tufail et al
[28] have studied the suction/blowing effect on
Casson fluid flow and heat transfer over porous
stretching surface with heat source/sink.

Heat source/sink effects are crucial in con-
trolling the heat transfer. Many studies consid-
ered merely the uniform heat source/sink effect,
i.e., temperature dependent heat source/sink (see
[29]-[32]). But different from these, Eldahab
and El-Aziz [33] have included the effect of non-
uniform heat source/sink with suction/blowing.
Abel et al [34] and Dulal [35] have also studied
the effect of non-uniform heat source/sink on heat
transfer analysis. Recently, Gireesha et al [36]
studied the boundary layer flow and heat trans-
fer of dusty fluid over a stretching sheet with non-
uniform heat source/sink.

The focal impartial of the current study is
to deliberate the similarity solution to the prob-
lem of two-dimensional boundary layer flow, heat
and mass transfer of non-Newtonian Casson fluid
over a porous stretching surface. To incorpo-
rate the porous medium effect, the well known
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Darcy model has been used. In addition, the ef-
fects of space and temperature dependent heat
source/sink and homogeneous chemical reaction
are included. Using suitable similarity transfor-
mations, the governing partial differential equa-
tions are converted into a set of non-linear or-
dinary differential equations, and then they are
solved numerically.

2 Nomenclature

a Stretching rate
b, c,D Constants
A∗, B∗ Space and temperature dependent heat
generation/absorption
B0 Magnetic field strength
C Concentration of the fluid
Cf Skin friction co-efficient
cp Specific heat
Cw Concentration at the wall
C∞ Ambient fluid concentration
Dm Mass diffusivity
eij Strain tensor rate
k Thermal conductivity
k∗ Permeability of the porous medium
k0 Porous parameter
Kc Chemical reaction parameter
M2 Magnetic parameter
mw Mass flux
Nux Local Nusselt number
Pr Prandtl number
py Yield stress of the fluid
qw Surface heat flux
q′′′ Space and temperature dependent heat gen-
eration/absorption
R Chemical reaction rate
S Suction/blowing parameter
Sc Schmidt number
Sh Sherwood number
T Temperature of the fluid
Tw Temperature at the wall
T∞ Ambient fluid temperature
u, v Velocity components along x and y direc-
tions
Uw Stretching velocity
Vw Suction/Blowing velocity
x Coordinate along the stretching sheet
y Distance normal to the stretching sheet
Greek symbols
ν Kinematic viscosity
ϕ Dimensionless concentration

π Product of component of deformation rate
with itself
πc Critical value of product of the component
of the rate of strain tensor with itself
µB Plastic dynamic viscosity of the non-
Newtonian fluid
ρ Density of the fluid
σ Electric conductivity of the fluid
θ Dimensionless temperature
ψ Stream function
η Similarity variable
τw Surface shear stress
γ Casson fluid parameter.

3 Description of the Problem

Consider a steady two-dimensional laminar flow
an incompressible electrically conducting Casson
fluid over a stretching surface through a porous
medium. The sheet coincides with the plane
y = 0 and the flow is confined to y > 0. The
flow is generated due to linear stretching of the
sheet caused by simultaneous application of two
equal and opposite forces along the x-axis. The
flow field is exposed due to the influence of a
uniform transverse magnetic field of strength B0

as shown in the figure 1. Keeping the origin

Figure 1: Flow configuration and coordinate sys-
tem of the problem.

fixed, the sheet is then stretched with a velocity
Uw(x) = ax, where a > 0 is the stretching rate.
It is assumed that the magnetic Reynolds number
is very small, so that an induced magnetic field is
neglected. The rheological equation of state for
an isotropic and incompressible Casson fluid can
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Table 1: Comparison results for skin friction co-efficient (1 + 1
γ )f

′′(0) in the case k0 = 0, S = 0 and M = 0.5.

γ 0.8 1.4 2.0 3.0

Hayat et al [16] 1.67705 1.46385 1.36931 1.29099
Present study 1.67712 1.46386 1.36931 1.29099

Table 2: Comparison results for skin friction co-efficient f ′′(0) in the case γ = ∞, k0 = 0 and S = 0.

M2 0.0 0.5 1.0 1.5 2.0 2.5 3.0

Cortel [4] 1.00000 1.22475 1.41421 1.58114 1.73205 - -
Tufail et al [28] 1.00000 1.22474 1.41421 1.58114 1.73205 1.87083 2.00000
Present study 1.00004 1.22477 1.41421 1.58113 1.73205 1.87082 2.00000

Table 3: Numerical results of Cf = (1 + 1/γ)f ′′(0), −θη(0) and −ϕη(0) for different values of
M2, k0, γ, A

∗, B∗, P r and Sc.

M2 k0 γ A∗ B∗ Pr Sc f ′′(0) f ′′(0) −θη(0) −ϕη(0)
S = +0.5 S = −0.5 S = −0.5 S = −0.5

0.5 2.0 1.0 0.05 0.05 0.72 0.22 -2.7122 -2.21223 0.91466 0.42235
1.0 -3.08946 -2.58946 0.87918 0.4056
2.0 -3.42214 -2.92214 0.84985 0.39285
2.0 0.0 1.0 0.05 0.05 0.72 0.22 -2.71222 -2.21223 0.91466 0.42235

1.5 -3.2604 -2.7604 0.86387 0.39883
2.5 -3.57603 -3.07603 0.83693 0.3875

2.0 2.0 0.3 0.05 0.05 0.72 0.22 -4.91151 -4.41151 0.95919 0.44596
0.8 -3.61341 -3.11341 0.86816 0.4007
1.5 -3.14756 -2.64756 0.82068 0.38095

2.0 2.0 1.0 0.1 0.05 0.72 0.22 -3.42214 -2.92214 0.8244 0.39285
0.3 -3.42214 -2.92214 0.72258 0.39285
0.5 -3.4221 -2.92214 0.62077 0.39285

2.0 2.0 1.0 0.05 0.05 0.72 0.22 -3.42214 -2.92214 0.84985 0.39285
0.1 -3.42214 -2.92214 0.79455 0.39285
0.15 -3.42214 -2.92214 0.73009 0.39285

2.0 2.0 1.0 0.05 0.05 0.72 0.22 -3.42214 -2.92214 0.84985 0.39285
7.0 -3.42214 -2.92214 5.35527 0.39285
10 -3.42214 -2.92214 7.11842 0.39285

2.0 2.0 1.0 0.05 0.05 0.72 0.22 -3.42214 -2.92214 0.84985 0.39285
0.60 -3.42214 -2.92214 0.84985 0.79971
0.96 -3.42214 -2.92214 0.84985 1.16011

be written as [16]:

τij =

(
µB +

py√
2π

)
2eij π > πc,

τij =

(
µB +

py√
2πc

)
2eij π < πc,

(3.1)

where

eij =
1

2

(
∂ui
∂xj

+
∂uj
∂xi

)
(3.2)

is the rate of strain tensor, µB -plastic dynamic
viscosity of the non-Newtonian fluid, py -yield
stress of the fluid, π -product of component of

deformation rate with itself, πc -critical value of
product of the component of the rate of strain
tensor with itself and ui’s are velocity compo-
nents.

Under usual boundary layer approximations;
the conservation of mass, momentum, energy and
concentration equations for Casson fluid are re-
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spectively given as [16];

∂u

∂x
+

∂v

∂y
= 0, (3.3)

u
∂u

∂x
+ v

∂v

∂y
= ν

(
1 +

1

γ

)
∂2u

∂y2
(3.4)

− σB0
2

ρ
u− ν

k∗
u,

u
∂T

∂x
+ v

∂T

∂y
=

k

ρcp

∂2T

∂y2
+

1

ρcp
q′′′, (3.5)

u
∂C

∂x
+ v

∂C

∂y
= Dm

∂2C

∂y2
−R(C − C∞),

(3.6)

where u and v are velocity components along x
and y directions respectively, ν is kinematic vis-

cosity of the fluid, γ = µB
√
2πc

py
is the Casson

fluid parameter, σ is electrical conductivity of the
fluid, B0 is uniform magnetic field, k∗ is perme-
ability of the porous medium, ρ is fluid density, T
is the temperature of the fluid, k is thermal con-
ductivity of the fluid, cp is the specific heat at con-
stant pressure, C is concentration of the fluid, Dm

is mass diffusivity and q′′′ is the space and tem-
perature dependent heat generation/absorption,
which can be expressed as [34];

q′′′ =
kUw(x)

xν

(
A∗(Tw − T∞)f ′(η)

+ B∗(T − T∞)) , (3.7)

where A∗ and B∗ are parameters of space and
temperature dependent heat generation or ab-
sorption. It is to be noted that A∗ > 0 and
B∗ > 0 correspond to internal heat generation,
whereas A∗ < 0 and B∗ < 0 correspond to in-
ternal heat absorption. The thermal boundary
conditions depend on the type of heating process
under consideration. In this study heat trans-
fer analysis has been carried out for two differ-
ent heating processes namely prescribed surface
temperature and prescribed heat flux. Boundary
conditions for the flow and mass transfer are con-
sidered as follows;

u = Uw(x), v = Vw(x),

C = Cw = C∞ + cx,

T = Tw = T∞ + bx, (PST case)

−k
∂T

∂y
= qw(x) = Dx (PHF case) at y = 0,

u → 0, T → T∞, C → C∞ as y → ∞,
(3.8)

where Uw(x) = ax is the stretched velocity, c is a
positive constant and Vw(x) is suction/blowing
velocity at the wall. It should be noted that
Vw(x) > 0 corresponds velocity of suction and
Vw(x) < 0 corresponds velocity of blowing. Let
us introduce the dimensionless variables f , ϕ and
the similarity variable η as

ψ(x, y) = (Uwxν)
1
2 f(η),

T = T∞ + (Tw − T∞)ϕ(η),

C = C∞ + (Cw − C∞)ϕ(η),

η =

(
Uw

νx

) 1
2

y,

(3.9)

here, T = bxθ(η) + T∞ (PST case), T − T∞ =
Dx
k

√
ν
aθ(η) (PHF case), Tw and T∞ are denotes

the temperature at the wall and at large distance
from the wall respectively, Cw and C∞ denote
the concentration at the wall and at large dis-
tance from the wall respectively and ψ(x, y) is the
physical stream function which automatically en-
sures mass conservation equation (3.3), velocity
components are readily obtained as

u = ∂ψ/∂y = ax f ′(η),

v = −∂ψ/∂x = −
√
νa f(η),

(3.10)

On substituting equations (3.9) and (3.10) into
equations (3.4)-(3.6), we obtain following set of
ordinary differential equations.

(
1 +

1

γ

)
f ′′′(η) + f(η)f ′′(η)− f ′(η)2

−(M2 + k0)f
′(η) = 0, (3.11)

θ′′(η) + Pr
(
f(η)θ′(η)− f ′(η)θ(η)

)

+A∗f ′(η) +B∗θ(η) = 0, (3.12)

ϕ′′(η) + Sc
(
f(η)ϕ′(η)

−f ′(η)ϕ(η)
)
= 0. (3.13)

Boundary conditions given in (3.8) will take the
following form;

f ′(η) = 1, f(η) = S, ϕ(η) = 1,

θ(η) = 1, (PST case),

θ′(η) = −1, (PHF case) at η = 0,

f ′(η) → 0, θ(η) → 0,

ϕ(η) → 0 as η → ∞,

(3.14)

where M2 = σB0
2

ρa -magnetic parameter, k0 =
ν

k∗a -permeability parameter, S = Vw(x)√
νa

-

suction/blowing parameter, Pr =
µcp
k -Prandtl
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number, Sc = ν
Dm

-Schmidt number and Kc = R
a

-chemical reaction parameter.
If γ → ∞, M2 = k0 = 0, then the equation

(3.11) subjected to boundary conditions (3.14)
admits the closed-form analytical solution, which
was reported by [3];

f(η) = (1− eη). (3.15)

Physical quantities of interest are the skin fric-
tion coefficient (Cf ) and local Sherwood number
(Sh), which are defined as

Cf =
τw

ρUw
2 , Nu =

qw
k(Tw − T∞)

,

Sh =
mw

Dm(Cw − C∞)
,

(3.16)

where τw is the surface shear stress, qw is the
surface heat flux and mw is the mass flux, which
are given by

τw = µ

(
∂u

∂y

)

y=0

,

qw = −k

(
∂T

∂y

)

y=0

,

mw = −Dm

(
∂C

∂y

)

y=0

.

(3.17)

In view of similarity variables, the equation (3.16)
we obtain

√
RexCf =

(
1 +

1

γ

)
f ′′(0),

Rex
− 1

2Nu = −θ′(0)

Sh(Rex)
−1/2 = −ϕ′(0),

(3.18)

where Rex = Uwx
ν is the local Reynolds number.

4 Numerical Method and Vali-
dation

The equations (3.11)-(3.13) are highly non-linear
in nature, hence the exact solution do not seem
to be feasible. Therefore, these equations with
subject to boundary conditions (3.14) are solved
numerically by Fehlberg fourth-fifth order Runge-
Kutta method using Maple. In this package, two
sub methods are available, namely trapezoidal
and midpoint method. To solve this kind of two
point boundary value problem the trapezoidal

Figure 2: Effect of γ on velocity profile.

Figure 3: Effect of γ on concentration profile.

method is generally efficient, but it is incapable to
handle harmless endpoint singularities, but this
can able in midpoint method. Thus, the mid-
point method with the Richardson extrapolation
enhancement scheme is chosen as a sub method.
The asymptotic boundary conditions at η∞ were
replaced by those at η∞ in accordance with stan-
dard practice in the boundary layer analysis. Ad-
ditionally, the relative error tolerance for conver-
gence is considered to be 106 throughout our nu-
merical computation.

To assess the accuracy of aforementioned nu-
merical method, comparison of skin friction co-

efficient
(
1 + 1

γ

)
f ′′(0) values between the present

results and existing results for various values of
Casson fluid parameter (γ) with k0 = S = 0 is
presented in the Table 1. In addition, compari-
son of present results of f ′′(0) values with those
of Cortel [4] and Tufail et al [28] for the case
γ → ∞, k0 = 0 and S = 0 is also made and
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Figure 4: Effect of M2 on velocity profile.

Figure 5: Effect of M2 on concentration profile.

presented in Table 2. Tables 1 and 2 are showed
a very good agreement with these approaches and
thus verifies the accuracy of the method used.

5 Results and Discussion

The main aim of this section is to analyze the ef-
fects of various physical parameters like Casson
fluid parameter (γ), suction/injection parameter
(S), magnetic parameter (M2), porous parame-
ter (k0), Prandtl number (Pr), space-dependent
heat source/sink parameter (A∗), temperature-
dependent heat source/sink parameter (B∗),
chemical reaction parameter (Kc) and Schmidt
number (Sc) on different flow fields. The fig-
ures 2-18 have been plotted for such objective.
It is worth mentioning that the present study
reduces to the classical Newtonian fluid study,
when γ → ∞. The impact of some physical pa-
rameters of the present problem on skin friction

Figure 6: Effect of S on velocity profile.

Figure 7: Effect of S on concentration profile.

coefficient (1 + 1/γ)f ′′(0), local Nusselt number
−θ′(0) (PST) and local Sherwood number −ϕ′(0)
are analyzed from Table 3. It depicts that by in-
creasing k0 and M2, the skin friction coefficient
decreases notably, while it increases with increase
in γ. This implies the wall shear stress can be
reduced by keeping γ as minimum. It is also ob-
served that, the skin friction co-efficient is lower
in the case of suction (S > 0) than that of blowing
(S < 0). In addition, the Nusselt number qualita-
tively decreased with increasing in M2, k0, γ, A

∗

and B∗. But this trend is opposite for an in-
crease in Pr. Physically speaking, when Pr is
large, it means that the heat diffusion is low; as
a result the thickness of the thermal boundary
layer is lower. Consequently, the Nusselt number
increases for higher values of Prandtl number. As
expected, the Sherwood number is an increasing
function of Sc, because the mass transfer analog
of the Prandtl number is the Schmidt number.
Further, the Sherwood number is a decreasing
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Figure 8: Effect of k0 on velocity profile.

Figure 9: Effect of Sc on concentration profile.

function of M2, k0 and γ.

Figures 2 and 3 are, respectively, plotted to
depict the variation of velocity and concentra-
tion profiles against η for different values of Cas-
son fluid parameter. Figure 2 depicts that, the
horizontal velocity profile as well as momentum
boundary layer thickness decreases with an in-
crease in the Casson fluid parameter. On the
other hand, the effect of increasing values of the
Casson fluid parameter is responsible for solu-
tal boundary layer thickening, which is depicted
in figure 3. This result is consistent with the
findings reported by Hayat et al [16]. Figures
4 and 5 represent the variation of typical veloc-
ity and concentration profiles for different values
of magnetic parameter respectively. From plot 4,
it is evident that, for increasing values of mag-
netic parameter results in flattening of horizontal
velocity profiles. The transverse contraction of
momentum boundary layer is due to the applied
magnetic field which results in the Lorentz force

Figure 10: Effect of Kc on concentration profile.

Figure 11: Effect of γ on temperature profile.

producing considerable opposition to the motion.
That is why; the velocity is a decreasing function
of magnetic parameter. It is evident from the
figure 5 that, an increase in magnetic parameter
leads to increase in the concentration profile and
its associated boundary layer thickness.

The Influence of blowing (S < 0) and suction
(S > 0) on typical velocity profile is shown in
figure 6. As expected the opposite results are
found for suction and blowing effects. That is the
blowing effect enhances the fluid velocity, whereas
suction effect reduces the fluid velocity near the
boundary. Physically, when stronger blowing is
provided, then the fluid is pushed far away from
the wall. As a result the viscosity of fluid de-
creases rapidly. Consequently, the fluid velocity
is accelerated. This effect acts to increase maxi-
mum velocity within in the boundary layer. The
same principle operates, but in the opposite di-
rection in case of suction. The effect of S on the
flow was the similar result observed by Eladahab
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Figure 12: Effect of M2 on temperature profile.

Figure 13: Effect of k0 on temperature profile.

and Aziz [33]. Figure 7 represents the variation of
the typical concentration profile with respect to
suction/injection parameter when other parame-
ters are fixed. It is observed that, when suction
increases the concentration profile increases and
this phenomenon is quite opposite for the effect
of increasing values of blowing. Further, it is ob-
served that, the solute boundary layer for suction
is thicker than that of blowing.

Figure 8 illustrates the variation of velocity dis-
tributions for different values of porous param-
eter. It is quite clear that the velocity profile
decreased with an increase in porous parame-
ter. This is because, the larger values of porous
parameter correspond to densely pack porous
medium and hence the flow rate will be reduced.
The effect of porous parameter on the velocity
was the similar result observed by Sheikholeslami
and Ganji [25] for nanofluid. Figure 9 displays
concentration profiles versus η for various val-
ues of Sc. It is elucidating that, the concentra-

Figure 14: Effect of A∗ on temperature profile.

Figure 15: Effect of B∗ on temperature profile.

tion profile decreases with an increase in Schmidt
number. Because, an increase in Sc indicates the
lower molecular diffusivity which results reduc-
tion in concentration profile. Hence, the concen-
tration of species is higher for smaller value of Sc
and vice versa. The chemical reaction param-
eter also affects the concentration distribution
significantly, which can be seen from graph 10.
The solute profiles and its corresponding bound-
ary layer decreased with increasing chemical reac-
tion parameter. The central reason for this effect
is that, an increase in the chemical reaction pa-
rameter leads to increase in the number of solute
molecules undergoing chemical reaction which de-
creases the solute field.

Figure 11 depicts the effect of Casson fluid pa-
rameter on heat transfer profile in PST and PHF
cases. It is evident from this plot that, increasing
values of γ results in increase in thermal bound-
ary layer. The effect of transverse magnetic field
on heat transfer profile is depicted in figure 12 for
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Figure 16: Effect of Pr on temperature profile.

Figure 17: Effect of Sc on temperature profile.

both PST and PHF cases. From this plot, it is
observed that the transverse magnetic field con-
tributes to the thickening of the thermal bound-
ary layer. The resistance due to Lorentz force on
the flow is responsible for enhancing the temper-
ature profile as well as thermal boundary layer
thickness. Figure 13 presents the typical temper-
ature distribution in PST and PHF cases for var-
ious values of porous parameter. It can be seen
that, the temperature profile and thermal bound-
ary layer thickness increases with an increase in
the porous parameter.

Figures 14 and 15, are respectively, illus-
trate the effects of both space-dependent and
temperature-dependent heat source/sink parame-
ter on temperature distributions in PST and PHF
cases. Ahead of discussing the results, we recol-
lect the fact that A∗ < 0, B∗ < 0 corresponds
to heat sink and A∗ > 0, B∗ > 0 corresponds to
an internal heat source. It is the cumulative in-
fluence of the space-dependent and temperature-

Figure 18: Effect of A∗ and B∗ on Nusselt num-
ber.

Figure 19: Effect of Sc and Kc on Sherwood
number.

dependent heat source/sink parameter that de-
termines the extent to which the temperature
falls or rises in the boundary layer region. From
these plots it is clear that the energy is released
for increasing values of A∗ > 0 and B∗ > 0 and
this causes to an increase in the temperature field
in both cases. Whereas the energy is absorbed
for increasing values of A∗ < 0 and B∗ < 0, as
a result the temperature and its corresponding
boundary layer decreased. Further, the thermal
boundary layer is thicker for a heat source case
as compared with heat sink.

Figure 16 shows the effect of Prandtl number
on temperature distribution in PST and PHF
cases. It shows that, the temperature profile de-
creases as the Prandtl number strengthens. This
is due to the fact that a higher Prandtl num-
ber fluid has relatively low thermal conductivity,
which reduces the conduction as a result temper-
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ature decreases. This shows that the rate of cool-
ing is faster in case of higher Prandtl number.
The variation of temperature profiles in PST and
PHF cases, for various values of suction parame-
ter is presented in figure 17. It is seen that, the
temperature profile decreases in the case of blow-
ing and increases for suction.

Finally, plot 18 depicts the effect of space-
dependent heat source A∗ and temperature de-
pendent heat source parameter B∗ on the Nus-
selt number profiles versus suction parameter. As
expected the Nusselt number decreases for in-
creasing values of space-dependent heat source
A∗ and temperature-dependent heat source pa-
rameter B∗. It is also observed that, the Nusselt
number is lower in the absence of space and tem-
perature dependent heat source parameter, i.e.,
A∗ and B∗ = 0 than in the presence. This im-
plies that the space and temperature dependent
heat source effect enhances the rate of heat trans-
fer. The influence of Sc and Kc on the Sher-
wood number is plotted in figure 19. From this
plot, it is observed that, The Sherwood number
increases for increasing values of Sc and Kc. In-
terestingly, from the graphs 11-17, it is possible
to see that; the thermal boundary layer for PHF
case is thicker than that of PST case.

6 Conclusions

The heat and mass transfer with non-uniform
heat source/sink and suction/blowing effects for
a steady hydrodynamic boundary layer flow of
a non-Newtonian Casson fluid past a porous
stretching sheet has been studied numerically. In
this study, emphasis is given on how different flow
fields changes due to the variation of magnetic
field, non-uniform heat source/sink, chemical re-
action and suction/blowing. Some of the major
findings of our analysis are listed below.

• The thickness momentum boundary layer re-
duces for the effect of the Casson fluid pa-
rameter, magnetic parameter and porous pa-
rameter.

• Blowing causes an increase in fluid velocity
profile, whereas opposite effect is seen in the
case of suction.

• Space and temperature-dependent heat sinks
are desirable for effective cooling of the
stretching sheet.

• Thermal boundary layer is thinner for the
effect of blowing than that of suction effect.

• The effect of Prandtl number is to decrease
the thermal boundary layer thickness and
this manner is opposite for the effect of mag-
netic parameter, porous parameter and Cas-
son fluid parameter.

• For efficient cooling of the stretching sheet,
the prescribed heat flux boundary condition
is better suited.

• The solutal boundary layer thickness in-
creases for the effect of Casson fluid parame-
ter, permeable parameter, magnetic parame-
ter and suction parameter. This phenomena
is opposite for the effect of blowing, chemical
reaction parameter and Schmidt number.

• Velocity, temperature and concentration
profiles much more suppresses in the case of
blowing than suction.

• If S = k0 = 0 and M2 = 0.5, then our results
coincide with the results of Hayat et al [16]
for limiting cases.
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