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Abstract: In this article, the effects of thermo-physical parameters on free convective flow of a chemically reactive power
law fluid driven by exothermal plate is studied. The effect of thermal radiation on the fluid flow is investigated. Also, an
exothermal surface reaction modeled by Arrhenius kinetics supplied heat to the power law fluid. Suitable similarity
transformations are used to transform the non-linear partial differential equations into system of non-linear coupled ordinary
differential equations. The obtained coupled non-linear ordinary differential equations are then solved numerically via fourthorder Runge-Kutta Fehlberg method. A parametric study is performed to illustrate the inﬂuence of thermal conductivity
parameter, Grashof number, power-law index, velocity exponent parameter, Prandtl number, heat generation parameter,
magnetic parameter, Eckert number, radiation parameter, Frank-Kamenetskii parameter, activation energy parameter,
Brinkman number, reactant consumption parameter, and suction parameter on the ﬂuid velocity and temperature profiles within
the boundary layer. Numerical values of different controlling parameters for local skin friction coefficient and local Nusselt
number are obtained and discussed. Comparison of the present work with existing literature was carried out and the results are
in excellent agreement. The results also shows that skin friction coefficient decreases with increase in Eckert number, while the
rate of heat transfer is enhanced at the surface of the plate as the Eckert number increase.
Keywords: Power Law Fluid, Viscous Dissipation, Natural Convection Heat Transfer, Fehlberg Method, Thermal Radiation

1. Introduction
In recent times, the study of non-Newtonian ﬂuid ﬂow and
heat transfer over a stretching surface has gained interest in
many fields of science and technology due to its variety of
engineering applications in the movement of biological
fluids, manufacturing of plastic sheets, performance of
lubricants, drilling muds and food processing. Unlike
Newtonian fluid where the relation between the shear stress
and the shear rate is linear, the constitutive equation of nonNewtonian fluids does not follow the linear relationship
between stress and the rate of strain. As a result of these
differences, quite a lot of mathematical expressions of
varying complexity and form have been proposed in the
literature to model non-Newtonian fluids [1-5], keeping in

view their numerous rheological characteristics. One of such
model is the power-law fluid which is the simplest and the
most common model. Because of wide range of applications,
studies on power-law fluid have gained more attention. The
relationship between shear stress and shear rate for this type
of fluid can be mathematically expressed as follows [1]:

τ yx = K (τɺ yx )

( )

µ = K τɺyx

n

n −1

(1)
(2)

where K and n are two empirical curve-fitting parameters and
are known as the fluid consistency coefficient and the powerlaw index of the fluid, respectively. This fluid model is
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capable of describing the characteristics of the pseudo-plastic
and dilatant behavior of the fluid. The fluid is said to be
pseudo plastic or exhibits shear thinning properties when
n<1, the fluid is called dilatant or exhibits shear thickening;
for n>1, while it shows Newtonian behavior when n=1. The
study of natural convection of non-Newtonian power-law
fluids began with Acrivos [6]. After this, various aspects of
natural convective flow problem involving non-Newtonian
power-law fluids have been extensively studied by several
authors. Tien [7] examined the laminar natural convection
heat transfer between a vertical plate and a power-law fluid.
Approximate solutions were gotten with high Prandtl number
via an integral method. Som and Chen [8] analyzed the free
convection heat transfer in power law non-Newtonian fluids
from a two dimensional (2-D) body. In their work, they
consider cases where the surface is subject to power-law
variations in (i) temperature and (ii) heat flux. Natural
convection of a laminar two-dimensional boundary-layer
flow of non-Newtonian fluids over a horizontal circular
cylinder with the heating condition of uniform surface heat
flux has been studied by Bhowmick and Molla [9]. They
obtained new similarity reductions and found a numerical
solution by using marching order implicit finite difference
method with double sweep technique. Bognár et al. [10]
presented an analytical solution for the velocity profiles of a
layer of liquid flowing on an inclined moving plane. They
reported that the maximum values of the velocity decrease as
power-law index n increases. Pantokratoras [11] examined
numerically a natural convective flow along a vertical
isothermal plate in a non-Newtonian power-law fluid. On the
other hand, Olajuwon [12] have included the heat generation
effect to the non-Newtonian power-law convective fluid flow
problems and solved the problems numerically using Runge
– Kutta shooting method. Their analysis showed that the skin
friction increases with increase in the heat generation
parameter and the Nusselt number decreases with increase in
the heat generation parameter.
All the aforementioned works do not put hydromagnetic
effects into consideration, but in recent decades, quite a lot of
industrial processes have dealt with power law fluid flow
with magnetic fields. Because of this fact, some researchers
have advanced this field. From industrial point of view, the
study of hydrodynamics fluid flow over a stretching sheet is
of great important. Specifically in nuclear engineering
control, plasma aerodynamics, mechanical engineering,
manufacturing processes, astrophysical fluid dynamics and
magnetohydrodynamic (MHD) energy systems, In view of
the applications of MHD, Pavlov [13] made the first move to
investigate the MHD boundary layer flow of an electrically
conducting fluid over a stretching wall. In recent years, Darji
and Timol [14] applied deductive group symmetry method to
derive similarity transformations for the natural convective
boundary layer flow of a class of non-Newtonian fluids to
ordinary differential system for the class of Non-Newtonian
fluids. Shahzad and Ali [15] investigated the MHD flow and
heat transfer of a power-law fluid on a vertical stretching
sheet using convective thermal boundary conditions.
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Appropriate similarity transformations is used to reduce the
governing coupled partial differential equation to nonlinear
ordinary differential equations. They found analytic solutions
of the reduced equations via HAM, they reported that the
boundary layer thickness decreases as the power-law index n
increases.
Ahmed et al. [16] investigated the laminar MHD boundary
layer flow of power law fluid over an unsteady porous
radially stretching sheet in the presence of convective
boundary conditions. Using similarity transformations
governing partial differential equations were reduced to
ordinary differential equations. They investigated the
solutions of the governing problem for the velocity and
temperature fields analytically using HAM and numerically
by shooting technique. It was noticed that the effect of
magnetic parameter M on velocity profile become less
dominating with an increasing values of power law index n.
The problem of magneto-hydrodynamic flow and heat
transfer of an electrically conducting non-Newtonian powerlaw fluid past a non-linearly stretching sheet was studied
theoretically by Prasad et al. [17]. They reported that
increasing value of magnetic parameter Mn results in
flattering the horizontal velocity profiles and advance the
temperature profile.
Thermal radiation is of significant interest in the processes
where high temperature is evoked, for instance, glass
production, furnace design and in space technology
applications such as cosmical flight aerodynamics rocket,
nuclear plants etc. It is well known that thermal radiation has
been widely studied experimentally and numerically due to
great significant applications in the design of various
propulsion devices or aircraft, gas turbines, missiles,
satellites and space vehicles. Due to the practical importance
of thermal radiation considerable research has been devoted
by various authors to advance this topic. Kishan and Kavitha
[18] have investigated the boundary layer flow of a nonNewtonian magneto-hydrodynamic of an electrically
conducting power law fluid flowing over a non-linear
stretching surface in the presence of thermal radiation, taking
into account the viscous dissipation effects. It was reported
that increasing value of velocity exponent m decrease the
velocity profile and temperature profile, respectively, for the
case of Pseudo plastic fluids (0.8), Newtonian fluids (n = 1)
and dilatant fluids (n = 1.6). Saritha et al. [19] investigated
radiation effects on MHD non-Newtonian power-law fluid
past a non-linearly stretching surface with viscous
dissipation. They showed in their plots that increase in
radiation parameter leads to increase in the temperature
profile for both Newtonian and non-Newtonian fluids. As a
result of this, the thermal boundary layer thickness increases
with radiation. The effect of thermal radiation on unsteady
gravity flow of a power-law fluid with viscous dissipation
through a porous medium was studied by Ogunsola and Peter
[20]. Very recently, Ahmed et al. [21] analyzed the steady
state, two-dimensional, boundary layer flow of a power law
fluid over a porous moving flat plate in the presence of the
thermal radiation, viscous dissipation and internal heat
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generation or absorption. They reported the existence of dual
solutions when the flat plate and the free stream move in
opposite directions. Samuel [22] investigated the analytical
solution for chemical reaction and melting heat transfer
effects on MHD steady two-dimensional laminar viscous
incompressible radiating boundary layer flow over a flat plate
in the presence of variable fluid properties and Soret effect. It
was reported that the temperature decreases as the thermal
radiation and melting parameter increase.
The purpose of this article is to carry out a numerical study
on MHD free convection flow of optically thin radiating,
incompressible, electrically conducting and reactive fluid
past an infinite plate taking into account the combined effects
of thermal radiation, viscous dissipation, variable thermal
conductivity and ohmic heating. There is an exothermic
surface reaction characterized by first order non-isothermic
reaction called Arrhenius kinetics on the plate Khan [23]. We
also consider that heat is being generated to the power law
fluid due to exothermic surface reaction. This type of flow
found applications in chemical engineering, geothermal or oil
reservoir engineering [24]. The boundary layer equations for
the conservation of momentum and energy have been
reduced to coupled nonlinear ordinary differential equations
using suitable similarity variables and solved numerically via
Runge-Kuta Felbheg method. The effects of thermal
conductivity parameter Λ , Grashof number Gr , power-law
index n, velocity exponent parameter m, Prandtl number Pr ,
heat generation parameter S, magnetic parameter M, Eckert
number Ec , radiation parameter Ra , Frank-Kamenetskii
parameter δ , activation energy parameter ε , Brinkman
number Br , reactant consumption parameter Ω , and local
suction or injection parameter f w on flow field and heat
transfer are graphically discussed.

2. Problem Formulation
Consider a steady, laminar, incompressible, twodimensional boundary layer flow of a non-Newtonian powerlaw optically thin radiating fluid past an exothermic surface
in the presence of a transverse magnetic field B0 . The xcoordinate is taken along the plate and y-coordinate is
measured normal to the surface of the plate as shown in
Figure 1. The continuous stretching plate is assumed to have
a non-linear velocity of the form U( x) = bxm , where b is a
constant and m is velocity exponent. The flow is generated as
a result of non-linear stretching of the boundary sheet.
Cogley et al. [25] is used to describe the radiative heat flux in
the energy equation. The viscous dissipation effect is taken
into consideration in the energy equation. Following Merkin
et al. [26], the exothermic surface reaction is assumed to
generate heat to the viscous fluid and it is modeled by first
order non-isothermal reaction which is shown below:

A → B + Heat, rate = A0 Ce

-

E
RT

.

(3)

The above expression is called Arrhenius kinetics where E

is activation energy, B is product species, R is the universal
gas constant, A0 is the rate constant, C is the concentration of
reactant A and T is the temperature. The heat generated by
the surface reaction result in a convective flow close to the
surface. Based on the aforementioned assumptions coupled
with Boussinesq approximations, the resulting equations
governing the flow and heat transfer are

∂u ∂v
+
= 0,
∂x ∂y

(4)

n

u

σ B02
∂u
∂u µ ∂  ∂u 
β
+v
=
−
+
−
−
g
(
T
T
)
u, (5)


∞
ρ
∂x
∂y ρ ∂y  ∂y 

u

1 ∂  ∂T 
µ  ∂u 
1 ∂qr
∂T
∂T
+v
=
kf
+
  −
∂x
∂y ρ c p ∂y 
∂y  ρ c p  ∂y  ρ c p ∂y

2

r

E

Q (T − T∞ ) σ B02 2 QC0 A0  T  - RT
u +
+ s
+
= 0,

 e
ρcp
ρcp
ρ c p  T∞ 

(6)

subject to the following boundary conditions:
E

−
y = 0 : u = U ( x ) = bx m , v = −vw , k∞ ∂T = −QC0 Ae RT , (7)
∂y

y → ∞ : u → 0, T → T∞ ,

(8)

where u and v are the velocity components in the x and y
directions, respectively, ρ the fluid density, T the fluid
temperature, cp the specific heat capacity of the fluid at
constant pressure, the radiative heat flux qr , Qs the heat
generation or absorption coefficient, T∞ the free stream
temperature, µ the dynamic viscosity, β is thermal
expansion coefficient, g is the acceleration due to gravity, Q
is the heat of reaction, C0 is the initial concentration of the
reactant species, b is a positive constant, U(x) is the surface
velocity, vw is the normal velocity at the surface having
negative value for blowing and positive for suction.
In this study, the fluid thermal conductivity used is a linear
function of temperature in the form [24]

k f = k∞ 1 + ξ ( T − T∞ )  ,

(9)

which can also be rewritten as shown below

k f = k∞ (1 + Λθ ) ,
where k f denotes the fluid thermal conductivity, Λ =

(10)

ξ RT∞2

E
is the thermal conductivity parameter, k∞ is the fluid free
stream thermal conductivity and ξ is a constant depending on
the nature of the fluid, θ is a dimensionless temperature.
Following Cogley [25] and assuming that the fluid is
optically thin with relatively low density, then

Chemical and Biomolecular Engineering 2018; 3(3): 22-34

∂qr
= 4γ 2 (T − T∞ ),
∂y

25

(11)

where γ is the mean radiation absorption coefficient, which
is given by the following integral,
∞

γ 2 = K λ ( ∂ebλ ∂T ) d λ ,

∫

(12)

0

λ is the wave length, K λ is the absorption coefficient, and
ebλ is the Planck function.

∂ψ
and
∂y

We introduce the stream function ψ , where u =

∂ψ
, which satisﬁes the continuity equation identically.
∂x
Using similarity variables of the form
v=−

η=

1
y
E (T − T∞ )
,
( Re x ) n+1 , θ (η ) =
x
RT∞2

The above transformation reduces the system of partial
differential equations into the following system of nonlinear
ordinary differential equations:

−1

ψ ( x, y ) = Ux ( Re x ) n+1 f (η ).

( )

n − f ''

(1 + Λθ )θ '' + Λ (θ ' )

2

n −1

( )

f ''' − m f '

 2mn − m + 1  '
+ Pr 
 θ f + Pr
n +1



2

,

(15)
(16)

where prime denotes the derivative with respect to the
similarity variable and the thermo physical dimensionless
parameters in (13)-(16) are defined as follows:

Λ=
S=

E

, Gr =

g β RT∞2

Eb2 x 2 m −1

k∞ (Re x )

2

,
n +1

Qs x
EU 2
4γ 2 x
σ B02
E
=
,
R
=
,
,M=
,
c
a
ρ c pU
ρ c p bx m−1
Rc pT∞2
ρ bx m −1

δ=

QC0 A0 Ex

k∞ RT∞2 (Re x )
Ω=

−

2
2

e

E
RT∞

n +1

,ε=
−

QC0 AEx
2

k∞ RT∞2 (Re x ) n +1

e

E
RT∞

RT∞
µU E
, Br =
,
E
Rk∞T∞2

, Re x =

θ

( )

r

− Raθ  + δ (1 + εθ ) e1+εθ + Br f ''


2

=0

(14)

heat generation parameter, M the magnetic parameter, Ec the
Eckert number, Ra the radiation parameter, δ the FrankKamenetskii parameter, ε the activation energy parameter,
Br the Brinkman number, Re x the local generalized
Reynolds number, Ω the reactant consumption parameter,
and f w the local suction or injection parameter with suction
if f w > 0, injection if f w < 0 and impermeable plate when

ρ c pUx

, Pr =

2

Grashof number, Pr the generalized Prandtl number, S is the

θ

−Ωe1+εθ

y → ∞ : f ' (∞ ) = 0, θ (∞) = 0

ξ RT∞2

( )

(13)

where Λ is the thermal conductivity parameter, Gr the

y = 0 : f (0) = f w , f (0) = 1 , θ (0) =
'

 2mn − m + 1  ''
'
+
 ff + Grθ − Mf = 0
n +1




'
 Sθ + MEc f

the transformed boundary conditions are
'

Figure 1. Physical model and coordinate system.

f w = 0. The quantities of practical interest are the skin
friction coefficient C f and the local Nusselt number Nu x ,
which are defined as

U 2−n x n

υ



vw
 n +1 
,
fw = 

 mn + m + 1   U ( Re )−1 n +1 
x



 ∂u 

 ∂y  y = 0

µ

2

Cf =

,
Nu x =

2 2
ρ∞ µ w

 ∂T
x
 ∂y

−1

= 2(Re x ) n +1 [− f '' (0)]n ,



y = 0

Tw − T∞

1

= −(Re x ) n +1 θ ' (0) .
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3. Results and Discussion
The set of non-linear coupled ordinary differential
equations (13)–(14) subject to the boundary conditions (15)
and (16) is a two-point boundary value problem (BVP). In
order to solve these equations numerically we follow the
most efficient numerical shooting technique with a fourthorder Runge-Kutta Fehlberg integration scheme. The effects
of the various parameters such as the thermal conductivity
parameter Λ , the Grashof number Gr , power-law index n,
velocity exponent parameter m, the Prandtl number Pr , the
heat generation parameter S, the magnetic parameter M, the
Eckert number Ec , the radiation parameter Ra , the FrankKamenetskii parameter δ , the activation energy parameter

ε

Br , the reactant consumption
parameter Ω , and the local suction or injection parameter fw
, the Brinkman number

on the fluid flow and temperature are shown via tables and
graphs. Figures (2) to (22) elucidate the effect of these
governing flow parameters for (a) pseudo plastic fluid (n < 1)
(b) Newtonian fluid (n = 1) (c) dilatants fluid (n >1). Figure
2(a-c) shows the effect of Grashof number G r on velocity
profiles for (a) pseudo plastic fluid (n=0.8) (b) Newtonian
fluid (n =1) and (c) dilatants fluid (n =1.2). It is noticed that
the velocity of the fluid increases with the increase of

Gr ,

because G r signifies the relative effects of thermal
buoyancy force to viscous hydrodynamic force in the
boundary layer region. This implies that thermal buoyancy
force results in the acceleration of fluid flow. Figure 3(a-c)
presents the effect of Grashof number on temperature profile.
A fall in the temperature profile is observed as the Grashof
number increases.
Figure
4(a-c)
depicts
the
effects
of
heat
generation/absorption parameter S on the temperature
profiles. It is observed that the dimensionless temperature θ
increases for increasing strength of the heat
generation/absorption parameter. This is due to the fact that
heat generation can add more heat to the stretching sheet
which then increases its temperature. This result is very much
significant for the flow where heat transfer is given prime
importance. Figure 5(a-c) elucidates the influence of Prandtl
number Pr on the temperature profile. It is obvious that an
increase in the Prandtl number Pr results in a decrease in
temperature profiles.
For different values of the Eckert number Ec , the
temperature profile is plotted in Figure 6(a-c) for various
values of Ec . The Figure shows that increasing values of Ec
heat up the fluid resulting in higher temperatures. This

enhancement is due to heat generation in the fluid layers.
Figure 7(a-c) and Figure 8(a-c) show the variation of velocity
profiles and temperature profiles across the boundary layers
for different values of the suction parameter f w . As shown
in the Figures, increasing values of suction parameter reduces
both the velocity profile and temperature profile,
respectively.
In Figure 9(a-c), it is noticed that the presence of magnetic
field leads to a rapid reduction of velocity in the vicinity of
the boundary due to the presence of Lorentz force which
opposes the fluid motion. Furthermore, it is noted that
increasing the magnetic parameter M enhances the thermal
boundary layer as shown in Figure 10(a-c).
In Figure 11(a-c), the velocity profile has been plotted for
different values of velocity exponent parameter m, it is
observed that the momentum boundary layer thickness
reduces as the velocity exponent parameter m increases.
Physically m < 0 means that the surface is decelerated from
the slot, m = 0 implies the continuous momentum of a flat
surface while m > 0 implies that the surface is accelerated
from the extended slit. Also, Figure 12(a-c) portraits the
dimensionless temperature for different values velocity
exponent parameter m. From the figure, it is seen that the
dimensionless temperature profile decreases with increase of
velocity exponent parameter m. Figure 13(a-c) illustrates the
effect of numerical exponent r on the temperature profile
such that r = {-2.0, 0, 0.5}. The numerical exponent r = 0.5
denotes that the type of exothermic chemical reaction is
bimolecular, r = 0 implies that the type of reaction is
Arrhenius and r = 2 means that the reaction is sensitized. The
Figure depicts that less heat is generated under a bimolecular
type of exothermic chemical reaction and most heat is
generated for sensitized reaction.
The variation of dimensionless temperature profile for
various values of thermal conductivity parameter is shown in
Figure 14(a-c). It is seen that temperature increases with the
increase of thermal conductivity parameter Λ . It is evident
from Figure 15(a-c) that temperature profile decreases as the
values of activation energy parameter increase. This is due to
θ

the fact that the term (1 + εθ ) r e 1 + εθ in the energy equation
decreases with increasing ε for the value of numerical
exponent r < 0. Figure 16(a-c) illustrates the effect of
radiation on the temperature in the thermal boundary layer.
The graph shows a decrease in the temperature of the fluid as
the radiation parameter increases, this is because the fluid is
emitting heat to the plate as result of radiation effect. As a
result of decrease of the fluid temperature, the fluid become
more viscous. Hence, the velocity of the fluid reduces as the
thermal radiation parameter increases as shown in Figure
17(a-c).
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Figure 2. Velocity profiles for different values of Gr for Ec = 0.5, Pr = 1.0, m = 1.0, r = −2.0, S = 0.5, Ra = 1.0 , Br = 0.5, M = δ = ε = Λ = f w = Ω = 0.1.

Figure

3.

Temperature
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Pr = 1.0,

m = 1.0,

r = −2.0,

S = 0.5,

Ra = 1.0,

Br = 0.5,

M = δ = ε = Λ = f w = Ω = 0.1.

Figure 4. Temperature profiles for different values of S for Ec = 0.5; Pr = 1.0, m = 1.0, r = −2.0, Pr = 1.0, Ra = 1.0, Br = 0.5, M = δ = ε = Λ = f w = Ω = 0.1.

Figure 5. Temperature profiles for different values of Pr for Ec = 0.5, Gr = 1.0, m = 1.0, r = −2.0, S = 0.5, Ra = 1.0, Br = 0.5, M = δ = ε = Λ = f w = Ω = 0.1.
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Figure 6. Temperature profiles for different values of Ec for Pr = 1.0, Gr = 1.0, m = 1.0, r = −2.0, S = 0.5, Ra = 1.0, Br = 0.5, M = δ = ε = Λ = f w = Ω = 0.1.

Figure 7. Velocity profiles for different values of f w for Ec = 0.5, Pr = 1.0, m = 1.0, Gr = 1.0, r = −2.0, S = 0.5, Ra = 1.0, Br = 0.5, M = δ = ε = Λ = Ω = 0.1.

Figure 8. Temperature profiles for different values of

f w for Ec = 0.5, Pr = 1.0, m = 1.0, Gr = 1.0, r = −2.0, S = 0.5, Ra = 1.0, Br = 0.5,

M = δ = ε = Λ = Ω = 0.1.

Figure 9. Velocity profiles for different values of M for Ec = 0.5, Pr = 1.0, m = 1.0, Gr = 1.0, r = −2.0, S = 0.5, Ra = 1.0, Br = 0.5, f w = δ = ε = Λ = Ω = 0.1.
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Figure 10. Temperature profiles for different values of M for Ec = 0.5, Pr = 1.0, m = 1.0, Gr = 1.0, r = −2.0,
f w = δ = ε = Λ = Ω = 0.1.

S = 0.5, Ra = 1.0, Br = 0.5,

Figure 11. Velocity profiles for different values of m for Ec = 0.05,

S = 0.5, Ra = 0.2, Br = 0.5,

Pr = 1.0, M = 0.1, Gr = 0.0, r = −2.0,

f w = δ = ε = Λ = Ω = 0.1.

Figure 12. Temperature profiles for different values of m for Ec = 0.05, Pr = 1.0, M = 0.1, Gr = 0.0, r = −2.0, S = 0.5,

Ra = 0.2, Br = 0.5,

f w = δ = ε = Λ = Ω = 0.1.

Figure 13. Temperature profiles for different values of r for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0,

f w = δ = ε = Λ = Ω = 0.1.

S = 0.2,

Ra = 0.3, Br = 0.5,
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Figure 14. Temperature profiles for different values of Λ for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0,

S = 0.0,

Ra = 0.2, r = -2.0, Br = 0.5,

f w = δ = ε = Ω = 0.1.

Figure 15. Temperature profiles for different values of ε for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0, S = 0.2, Ra = 1.0, r = -2.0, Br = 0.5,

f w = δ = Λ = Ω = 0.1.

Figure 16. Temperature profiles for different values of Ra for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0, S = 0.4, r = -2.0, Br = 0.5,

f w = δ = Λ = ε = Ω = 0.1.

Figure 17. Velocity profiles for different values of Ra for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0, S = 0.4,

f w = δ = Λ = ε = Ω = 0.1.

r = -2.0, Br = 0.5,
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Figure 18. Temperature profiles for different values of Br for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0, S = 0.5, r = 0.5, Ra = 1.0

f w = δ = Λ = ε = Ω = 0.1.

Figure 19. Temperature profiles for different values of δ for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0, Br = 0.5, S = 0.5, r = 0.5, Ra = 1.0
f w = Λ = ε = Ω = 0.1.

Figure 20. Velocity and Temperature profiles for different values of n for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0, Br = 0.5, S = 0.5, r = -2.0, Ra = 1.0
f w = Λ = ε = δ = Ω = 0.1.

Figure 21. Velocity and Temperature profiles for different values of Ω for Ec = 0.5, Pr = 1.0, M = 0.1, Gr = 1.0, m = 1.0, Br = 0.5, S = 0.5, r = 0.5, Ra = 1.0

f w = Λ = ε = δ = 0.1.
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The effect of viscous dissipation parameter Br is shown in
Figure 18(a-c). It is obvious that the temperature distribution
increases as Brinkman parameter Br increases due to the fact
that increase in viscous dissipation parameter enhances the
thermal boundary layer thickness. Figure 19(a-c) shows the
effect of variation in Frank-Kamenetskii parameter δ on the
temperature of the fluid. A rise in the fluid temperature is
observed as the Frank-Kamenetskii parameter δ increases,
this is due to increase in the initial concentration of the
reactant species C0within the flow.
Figure 20(a-b) depicts the effect of power-law index n on
both the velocity profiles and temperature profiles. It is
observed that increase in power-law index n leads to a fall in
both the velocity and temperature of the fluid. It is worth
noting that this complement the graphical result (figure three)
shown in Ref. [18]. Figure 21(a-c) elucidates the effect of
reactant consumption parameter Ω on the temperature
profile. A rise in the fluid temperature is observed as the
reactant consumption parameter Ω increases.
Table 1 depicts the comparison of the present study with
and that of Prasad et al. [17] for the skin friction coefficient

− f '' ( 0 ) and the results show good agreement.
Table 1. A Comparison of values of skin-friction coefficient between Prasad
et al. [17] and present study with m = 1 for different values of n and M .

n/ M
0.8
1.0
1.2

− f '' (0)
Prasad et al. [17]
0.5 1.0 2.0
1.3081 1.5442 1.9453
1.2248 1.4142 1.7321
1.1749 1.3330 1.5959

− f '' (0)
Present
0.5 1.0 2.0
1.3113 1.5452 1.9455
1.2256 1.4144 1.7321
1.1750 1.3330 1.5960

Variations of values of Pr , Ra , ε , Ec and n on the skin
friction coefficient − f '' (0) and the rate of heat transfer
−θ ' (0) at the surface are shown in Table 2. It is noticed that

increasing values of Pr , Ra , ε increases the skin friction
coefficient and depreciates the rate of heat transfer on the
surface. Also, increasing the Eckert number tends to decrease
the skin friction coefficient. However, the rate of heat
transfer is enhanced at the surface of the plate as the Eckert
number is increased.

Table 2. Values of skin-friction coefficient and the local Nusselt number for some values of M , Pr , Ra , ε , and Ec when S = Br = 0.5, Gr = m = 1.0,

f w = Λ = Ω = 0.1 and r = −2.0.
Pr

Ra

ε

Ec

1.0
2.0
3.0

1.0

0.1

0.5

0.5
0.7
1.0
0.0
0.1
0.3
0.0
0.5
0.7

n = 0.8

n = 1.0

n = 1.2

− f '' (0) −θ ' (0)

− f '' (0) −θ ' (0)

− f '' (0) −θ ' (0)

0.77931 0.16024
0.93881 0.13536
0.99960 0.12651
0.44441 0.24248
0.63209 0.19105
0.77931 0.16024
0.76535 0.16741
0.77931 0.16024
0.79972 0.15050
0.79652 0.15659
0.77931 0.16024
0.77233 0.16175

0.78617 0.15902
0.92554 0.13443
0.97749 0.12569
0.51712 0.22886
0.66581 0.18677
0.78617 0.15902
0.77485 0.16574
0.78617 0.15902
0.80294 0.14973
0.80002 0.15562
0.78617 0.15902
0.78055 0.16041

0.79592 0.15853
0.92244 0.13401
0.96891 0.12527
0.56636 0.22153
0.69205 0.18446
0.79592 0.15853
0.78618 0.16504
0.79592 0.15853
0.81046 0.14947
0.80751 0.15534
0.79592 0.15853
0.79123 0.15984

4. Conclusions
In this paper, the effect of thermo-physical parameters on
free convective flow of a chemically reactive power law fluid
driven by exothermal plate in the presence of thermal
radiation and suction has been investigated. The reduced
coupled system of non-linear ODEs was solved numerically.
The velocity of the fluid decreases with the increase in the
values of the power-law index n, velocity exponent
parameter m, magnetic parameter M, radiation parameter Ra
and suction parameter f w while increase in velocity is noted
as the Grashof number Gr increases. Also, the temperature
in the boundary layer flow rises with increase in thermal
conductivity parameter Λ , magnetic parameter M, Eckert
number Ec , Frank-Kamenetskii δ , activation energy
parameter ε , the Brinkman number Br and reactant
consumption parameter Ω while the fluid temperature

reduces with larger values of Grash of number Gr powerlaw index n, velocity exponent parameter m, Prandtl number
Pr , radiation parameter Ra , and local suction parameter f w .
The heat transfer rate enhances with increase in Eckert
number Ec while it reduces for Prandtl number Pr , radiation
parameter Ra , activation energy parameter ε , Eckert
number Ec .

Nomenclature
A
B
B0

reactant
product species
magnetic field strength

Br

Brinkmann number

cp

specific heat capacity
concentration

C
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Cf

E
Ec

f
fw
g
Gr
kf
m
M
n
Nu x

Pr
R
Ra
Re x
S
T
u
v
x, y

skin friction coefficient
activation energy
Eckert number

fluid thermal conductivity
velocity exponent
magnetic parameter
power law index
local Nusselt number
Prandtl number
universal gas constant
radiation parameter
generalized Reynolds number
heat generation parameter
Temperature
velocity components in the x-direction
velocity components in the y-direction
cartesian coordinates

Greek Symbol
β
δ
ε
η
θ
µ
Λ
Ω

ρ
ψ

thermal expansion coefficient
Frank-Kamenetskii parameter
activation energy parameter
dimensionless similarity variable
dimensionless temperature
dynamic viscosity
thermal conductivity parameter
reactant consumption parameter
fluid density
stream function

Subscripts
w
∞

wall
free stream
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