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Effects of Thermal Radiation and Chemical Reaction on MHD Free Convection Flow
Past a Linear Stretching Sheet near a Stagnation Point with Variable Thermal Conductivity

E. Hemalatha and N. Bhaskar Reddy

Department of Mathematics, Sri Venkateswara University, Tirupati -517502, A.P., India

Abstract: This paper analyzes the heat and mass transfer effects on MHD steady two-dimensional mixed
convection boundary layer flow of a viscous incompressible radiating fluid flow over a stretching sheet
embedded in a porous medium with variable thermal conductivity and chemical reaction, in the presence of
variable free stream near a stagnation point on a non-conducting stretching sheet. The governing boundary
layer equations of continuity, momentum, energy and concentration are transformed into nonlinear ordinary
differential equations using similarity transformations and then solved by Runge-Kutta method along with
shooting technique. The effects of various flow parameters on the velocity, temperature and concentration
distributions are analyzed and presented graphically. Skin-friction coefficient, Nusselt number and Sherwood
number are derived, discussed numerically and their numerical values for various values of physical parameter
are presented through tables. 

Key words: Steady flow  MHD  Radiation  Stagnation point  Variable thermal conductivity  Porous
medium Chemical reaction

INTRODUCTION of heat transfer on boundary layer flow of continuous

The concept of a boundary layer was proposed by caused by the stretching sheet, with a velocity varying
Prandtl in 1904 and is important in transport processes. linearly with axial distance that moves in its own plane.
The boundary layer flow past a stretching sheet has Many researchers considered different aspects of
attracted many researchers in recent years due to momentum and heat transfer effects in boundary layer
tremendous contribution in engineering and industrial flow along a stretching boundary (Gupta and Gupta [7],
manufacturing process, such as metal and polymer Rajagopal et al. [8], Siddappa and Abel [9] andersson [10],
extrusion, hot rolling, drawing of plastic films wire Kumaran and Ramanaiah [11] and Cortell [12]. Magyari
drawing, paper production and so on. Coupled heat and and Keller [13] studied the heat and mass transfer on the
mass transfer problem are of importance in many boundary layer flow due to an exponentially stretching
processes. This process occurs both in nature and surface. Elbashbeshy [14] investigated heat transfer
industries. In process such as chemical pollutants effects over an exponentially stretching continuous
spreading in the plant, evaporation of water bodies at the surface in the presence of suction. Partha et al. [15] have
surface of a water body, diffusion of medicine in blood analyzed the forced-free convection flow with heat
veins, filtration, chemical catalyst reactions, grain storage transfer effects from an exponentially stretching  surface
insulation. Various scenarios in thermo convective heat in the presence of viscous dissipation. Khan and
and mass transfer for stretching flows were subsequently Sanjayanand [16] investigated the heat and mass transfer
discussed by many researchers. effects on two-dimensional boundary layer flow of visco

Sakiadis [1-3] initially studied the boundary layer flow elastic fluid past an exponentially stretching sheet. 
on a continuous solid surface moving at constant speed. The MHD boundary layer flow electrically
Erickson et al. [4] investigated the heat and mass transfer conducting fluid on a continuous stretching sheet has
effects on a continuous moving flat plate in the presence paid considerable interest due to its importance in
of suction or injection. Tsou et al. [5] reported the  effects numerous applications in engineering and industrial

moving surfaces. Crane [6] presented the steady flow
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processes. The magneto hydrodynamics flows finds boundary layer flow along an impulsively started infinite
important applications in engineering, petroleum vertical plate in presence of uniform heat and mass
industries and agriculture. Ellahi et al. [17] studied transfer. Loganathan et al. [26] carried out numerically the
numerically the effects of nonlinear slip on steady MHD influence of chemical reaction on free convection
flows with heat transfer. Nadeem et al. [18] carried out boundary layer flow along a moving semi-infinite plate by
numerical  study  on MHD boundary layer flow of considering optically thin grey gas. Chamkha et al. [27]
Maxwell fluid along a stretching sheet with nano particles. presented numerical solution for an unsteady heat and
Nadeem et al. [19] presented the hydromagnetic three mass transfer effects on natural convection non-
dimensional Casson fluid along a porous linearly Newtonian power-law fluid flow past a vertical plate
stretching sheet. through a non-Darcian porous medium with viscous

Flows through porous media are of principal interest dissipation and chemical reaction.
because these are quite prevalent in nature. Such type of Interaction of radiation with convection heat transfer
flow finds its applications in a broad spectrum of in fluid has considerable interest recently. Radiation plays
disciplines covering chemical engineering to geophysics. a significant role when heat transfer by convection is
Flow through fluid-saturated porous medium is important small relatively to heat transfer by thermal radiation in the
in many technological applications and it has increasing surface especially in convection problems involving
importance with the growth of geothermal energy usage emission and absorption of fluids and hence it cannot be
and in astrophysical problems. Several other applications neglected. Cess [28] investigated the effects of radiation
may  also  benefit  from  a   better   understanding   of   the with absorption and emission of fluid in optically thick
fundamentals of mass, energy and momentum transport in region on laminar natural convection heat transfer past a
porous media, namely cooling of nuclear reactors, vertical plate by using the singular perturbation
underground disposal of nuclear waste, petroleum technique. Arpaci [29] analyzed the same problem for
reservoir operations, building insulation, food processing optically thin and optically thick regions and solved by
and casting and welding in manufacturing processes. In the approximate integral technique. By regular
certain porous media applications, working fluid heat perturbation technique the radiation effects on natural
generation (source) or absorption (sink) effects are convection flow embedded in a porous medium past
important. Representative studies dealing with these vertical infinite porous plate was investigated by Raptis
effects have been reported by authors such as Gupta and [30]. Ishak [31] discussed the interaction of radiation on
Sridhar [20], Abel and Veena [21] and Sharma [22]. MHD flow due to an exponentially stretching sheet.
Seddeek and Salama [23] investigated the effects of Recently, Bhaskar Reddy et al. [32] studied the effects of
temperature dependent viscosity on an unsteady magneto thermal radiation and mass transfer on
hydrodynamic convective heat transfer boundary layer magnetohydrodynamic flow over a stretching surface in
flow along a semi-infinite vertical porous moving plate in the presence of heat generation with suction/ injection.
the presence of thermal conductivity with variable Aliakbar et al. [33] presented the influence of radiation on
suction. magneto hydrodynamic flow of maxwellian fluids above

On the other hand, mass transfer with chemical stretching sheets. Later, Wang [34] carried out the
reaction has special significance in chemical and analysis of on viscous flow past a stretching sheet in
hydrometallurgical industries. The formation of smog presence of surface slip and suction. 
represents a first order homogeneous chemical reaction. Mahapatra and Gupta [35, 36] investigated the heat
For instance, one can take into account the emission of transfer effects on stagnation-point flow towards
NO from automobiles and other smoke-stacks. Thus, NO stretching sheet in presence of viscous dissipation effect.2 2

reacts chemically in the atmosphere with unburned Later, they studied the influence of heat transfer on
hydrocarbons (aided by sunlight) and produces stagnation-point flow past a stretching sheet. Pop et al.
peroxyacetylnitrate, which forms a layer of photochemical [37] presented the influence of radiation on the flow over
smog. By using chebyshev finite-difference method Ghaly stretching sheet near a stagnation point. Seddeek and
and Seddeek [24] studied the effects of chemical reaction Salem [38] analyzed the influence of heat and mass
with heat and mass transfer on laminar flow past a semi- transfer on stretching surface in the presence of variable
infinite horizontal plate in the presence of temperature viscosity with thermal diffusivity. Sharma and Singh [39]
dependent viscosity. Das et al. [25] investigated the analyzed the effects of heat source/sink on boundary
effect of first order homogeneous chemical reaction on the layer flow near a stagnation point on a non-conducting
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stretching sheet with variable thermal conductivity. and Dufour effects are negligible. Stretching sheet is
Paresh Vyas and Nupur Srivastava [40] discussed placed in the plane y=0 and x-axis is taken along the sheet
numerically the interaction of radiative magneto as shown in the Fig. 1. The fluid occupies the upper half
hydrodynamic flow over a non-isothermal stretching plane i.e. y>0. The fluid viscosity and thermal diffusivity
sheet in a saturated porous medium. Noura S. Al-sudais are assumed to vary as linear functions of temperature. 
[41] studied thermal radiation effects on MHD fluid flow
near stagnation point of linear stretching sheet with
variable thermal conductivity. 

However, to the best of authors’ knowledge, so far
no attempt has been made to analyze the simultaneous
effects of thermal radiation and chemical reaction on MHD
mixed convection flow past a non-conducting stretching
sheet in a porous medium with variable thermal
conductivity and heat source in the presence of variable
free stream near a stagnation point on a non-conducting
stretching sheet. Hence an attempt is made to consider
this problem. The governing boundary layer equations are
reduced to ordinary differential equations using similarity
transformations and the resulting equations are then Fig. 1: Physical model of the problem
solved numerically using Runge-Kutta fourth order
method along with shooting technique. A parametric Under these assumptions, the conservation
study is conducted to illustrate the influence of various equations of the laminar boundary flow under
governing parameters on the velocity, temperature and considerations are
concentration as well as the skin-friction coefficient
(surface shear stress), the local Nusselt number (surface Continuity equation
heat transfer coefficient) the plate surface temperature and
local Sherwood (surface concentration gradient) number
and discussed in detail.

Mathematical Analysis: A steady two dimensional
laminar MHD mixed convection boundary layer flow of a
viscous incompressible electrically conducting,
chemically reacting and radiating fluid flow in a porous
medium of variable thermal conductivity in the vicinity of
a stagnation point on a non-conducting stretching sheet
with volumetric rate of heat generation/absorption is
considered. A uniform magnetic field is applied in the
transverse direction along the plate. The fluid is assumed
to be slightly conducting, so that the magnetic Reynolds
number is much less than unity and hence the induced
magnetic field is negligible in comparison with applied
magnetic field. It is assumed that there is no applied
voltage which implies the absence of electrical field. The
fluid is considered to be a gray, absorbing emitting
radiation but non-scattering medium and the Rosseland
approximation is used to describe the heat flux in the
energy equation. The stretching sheet has uniform
temperature T , concentration C linear velocity u cxw w, w=

where c is a positive constant. The level of concentration
of foreign mass is assumed to be low, so that the Soret

(1)

Momentum equation

(2)

Energy equation

(3)

Species equation

(4)

Where u, v are the velocity components in x,y directions
respectively, -  the  kinematics  viscosity  of the  fluid,

 - the electrical conductivity, B - the magnetic field0

intensity,  - the fluid density, K - the permeability of the
porous medium, k  - variable thermal conductivity, C  - the*

p

specific heat at constant pressure, Q - volumetric rate of
heat generation/absorption, T, C are the dimensional
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temperature and concentration of the fluid, respectively, Following Arunachalam et al.[43], the thermal
T , C - the free stream temperature and concentration far conductivity is taken of the form 
away from the plate, respectively, q  - radiative heat flux,r

D - mass diffusivity coefficient and Kr' - is the chemical (11)
reaction rate on the species concentration.

In the free stream u = U(x) = bx, the equation (2) The continuity equation (1) is satisfied by the
reduces to Cauchy Riemann equations 

(5)

Eliminating  between the equations (2) and (5), we where ø(x,y) is the stream function.
obtain In order to transform the governing equations and

following similarity transformations and non-dimensional
(6) quantities are introduced.

The boundary conditions for the velocity,
temperature and concentration fields are

u= u (x) = cx, v=0, T = T , C=C at y = 0w w w

u=U (x)=bx, T=T , C=C as y 8 (7)

where u (x) is the velocity of stretching sheet, c - thew

stretching sheet parameter, T , C - the temperature and (13)w w

concentration of the sheet, respectively, U(x) is the free
stream velocity and b - the free stream velocity parameter. In the view of the equation (13), the equations (4), (6)

Using the Rosseland approximation(Brewster[42]), and (10) become
the heat flux q  is given by r

(8) (15)

where  is the Stephen-Boltzmann constant and k' - (16)*

the mean absorption. It should be noted that by using the
Rosseland approximation, the present analysis is limited The corresponding boundary conditions are 
to optically thick fluids. If the temperature differences
within the flow are sufficiently small, then equation (3) can
be linearized by expanding T into the Taylor series about (17)4

T , which after neglecting higher order terms takes the8

form where prime denotes the differentiation with respect to .

(9) stream function, f'( ) - the dimensionless velocity, ( ) -

In view of the equations (8) and (9) the equation (3) concentration, M - the Hartmann number, - buoyancy
reduces to ratio parameter (the ratio of free stream velocity parameter

parameter, R- the thermal radiation parameter,  - variable

(10) chemical reaction parameter.

(12)

the boundary conditions in the dimensionless form, the

(14)

Here is the similarity variable, f( ) is the dimensionless

the dimensionless temperature, ( ) - the dimensionless

to stretching sheet parameter),  - the permeability

thermal parameter, Pr - Prandtl number, s - heat
source/sink parameter, Sc - the Schmidt number, - the
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For this type of boundary layer flow under Thus, the corresponding first order differential
consideration, it is important to calculate the physical
quantities like the skin-friction coefficient and Nusselt
number. They are described as follows.

Knowing the velocity field, the shearing stress at the
plate can be obtained, which in non-dimensional form
(skin-friction coefficient) given by

where  is the shear-stress along

the sheet

Knowing the temperature field, the heat transfer
coefficient at the plate can be obtained, which in the non-
dimensional form in terms of the Nusselt number, is given
by

where  is the surface heat flux.

Knowing the concentration field, the mass transfer
coefficient at the plate can be obtained, which in the non-
dimensional form in terms of the Sherwood number, is
given by

where  is the surface mass flux.

Method of Solution: The set of coupled non-linear
governing boundary layer equations (14) - (16) together
with the boundary conditions (17) of the boundary value
problem are solved numerically by using Runge-Kutta
fourth order technique along with Newton Raphson
shooting technique. First of all, higher order non-linear
differential equations (14) – (16) are converted into
simultaneous first order differential equations of first
order as follows.

Let f = y , f' = y , f'' = y ,  =y , '= y ,  = y , '= y .1 2 3 4 5 6 7

equations are 

subject to following initial conditions

Then they   are   further  transformed  into  initial
value  problem  by  applying  the  shooting  technique.
The resultant  initial value problem is solved by
employing    Runge-Kutta    fourth    order   technique.
The step size = 0. 01 is used to obtain the numerical
solution with  six  decimal  place  accuracy  as  the
criterion of convergence. From the process of numerical
computation,  the  skin-friction  coefficient, Nusselt
number  and Sherwood number which are respectively
proportional  to  f"(0),  - '(0)  and  - '(0)  are  also sorted
out  and  their  numerical  values  are  presented  in a
tabular  form. 

RESULTS AND DISCUSSIONS

In order to get a physical insight into the problem, a
parametric study is conducted to illustrate the effects of
different governing parameters upon the nature of flow
and transport, a representative set of numerical results are
computed and presented graphically in Figs. 2-16. Here
the value of Pr is chosen as 0.71, which corresponds to air
and the values of Sc are chosen as 0.62, which
corresponds to water vapor and the other parameters are
chosen arbitrarily. 
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The influence of the magnetic parameter M on the The influence of the variable thermal conductivity
velocity is shown in Fig. 2. As the magnetic parameter
increases, the velocity decreases. This is because of that
the application of the magnetic field within the boundary
layer produces a resistive-type force known as Lorentz
force which opposes the flow and decelerates the fluid
motion. Fig. 3 shows the effect of magnetic parameter on
the temperature. It can be seen that the temperature of the
fluid increases with an increase in the magnetic parameter.
This is due to the fact that applied magnetic field tends to
heat the fluid and thus reduces the heat transfer from the
wall. The effect of the magnetic parameter on the
concentration field is illustrated in Fig.4. It can be seen
that an increase in magnetic parameter produces
significant increase in the concentration boundary layer.

Figure 5 represents the velocity profile for different
values of buoyancy ratio parameter . As  is the ratio of
free stream velocity parameter to stretching sheet
parameter. It is observed that the boundary layer
decreases considerably as  increases. An increase in the
value of  implies that free stream velocity increases in
comparison to stretching velocity, which results in the
increase in pressure and straining motion near stagnation
point and hence thinning of boundary layer takes place.
Fig.6 and Fig.7 represents the temperature and
concentration profiles for different values of . It is
noticed that the fluid temperature as well as the
concentration decrease due to increase in .

The parameter  is inversely proportional to the
actual permeability K of the porous medium. Hence an
increase in K will therefore decrease the resistance of the
porous medium (as the permeability physically becomes
more with increase in K). Fig. 8, represents the velocity
profiles for different values of the permeability parameter.
It is noticed that an increase in  increases the resistance
of the porous medium which will tend to decelerate the
flow and thereby reduce its velocity. It is noticed that the
temperature and concentration boundary layer thickness
increase with an increase in the permeability parameter as
shown in Fig. 9 and Fig. 10 

It is seen that, from Fig.11 as the radiation parameter
increases, the temperature increases. The radiation
parameter R being the reciprocal of the stark number (also
known as Stephan number) is the measure of relative
importance of the thermal radiation transfer to the
conduction heat transfer. Thus larger values of R show a
dominance of the thermal radiation over conduction.
Consequently larger values of R are indicative of larger
amount of radiative heat energy being poured into the
system, causing a rise in the temperature. 

parameter ( ) on the temperature is shown in Fig. 12. It is
seen that as  increases, the temperature increases.
Increasing values of thermal conductivity parameter
results in thickening of the thermal boundary layer and
thus rises the temperature. This fact suggests that a liquid
whose conductivity does not vary with temperature will
be a better coolant. 

The effects of the Prandtl number (Pr) on the
temperature are depicted in the Fig. 13. Pr encapsulates
the ratio of momentum diffusivity to thermal diffusivity.
Larger Pr values imply a thinner thermal boundary layer
thickness and more uniform temperature distributions
across the boundary layer. Hence the thermal boundary
layer will be much less in thickness than the
hydrodynamic boundary layer. Pr = 1 implies that the
thermal and velocity boundary layers are approximately
equal. Smaller Pr fluids have higher thermal conductivities
so that heat can diffuse away from the vertical plate faster
than for higher Pr fluids (thicker boundary layers). Fig. 14
indicates that a rise in Pr substantially reduces the
temperature in the viscous fluid

The effect of the heat source parameter (s) on the
temperature is shown in Fig. 14. It is seen that with an
increase in the heat source parameter, the temperature
increases. This is due to the fact that, physically heat
generation in the fluid will add thermal energy to the flow
and therefore for positive s, the temperature will rise.

The Schmidt number (Sc) embodies the ratio of
momentum to mass diffusivity. The Schmidt number
quantifies the relative effectiveness of momentum and
mass transport by diffusion in the hydrodynamic
(velocity) and concentration (species) boundary layers.
From Fig.15 it is noticed that the concentration decreases
for an increase in Sc, physically this shows that an
increase of Sc causes a decrease in molecular diffusion.

Fig. 16 shows the variation of the concentration for
different values of chemical reaction parameter ( ). It is
seen that as increases, the concentration decreases.
This is because when  increases the bonds between
atoms will break up and thereby dilutes the concentration
of the fluid. 

The present results are compared with that of Sharma
and Singh (2009) and Noura S. Al-sudais (2012) for
reduced cases and found that they are in good agreement,
as shown in Table 1 and Table 2. Numerical results for the
skin-friction coefficient, Nusselt number and Sherwood
number for various values of physical parameters are
reported in Tables. 
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With data in the Table3, it is observed that the local An increase in the permeability parameter enhances
skin friction coefficient, Nusselt number and Sherwood the temperature and concentration but reduce the
number decrease as the magnetic parameter increases. velocity, skin friction coefficient, rate of heat and
This is due to the fact that slower movement of fluid leads mass transfer coefficients.
to a decrease in the skin-friction coefficient, rate of heat The temperature increases with an increase in the
and mass transfer coefficients. It is also found that the variable thermal conductivity parameter or radiation
skin friction coefficient, Nusselt number and Sherwood parameter or the heat source parameter where as
number increase with an increase in the values of temperature decreases with an increase in the prandtl
buoyancy ratio parameter . It is noticed that as the number.
permeability parameter increases, the skin friction  The heat transfer coefficient increases with an
coefficient, Nusselt number and Sherwood number increase in the prandtl number while it decreases with
decrease. an increase in the variable thermal conductivity

With the data in the Table 4, it is noticed that the parameter or heat source parameter or radiation
Nusselt number increases with an increase in the Prandtl parameter R.
number, while it decreases with an increase in the The concentration decreases while the rate of mass
radiation parameter or heat source/sink parameter or transfer increases with an increase in the Schmidt
variable thermal conductivity parameter. number or chemical reaction parameter.

Table 5 portrays the effect of the Schmidt number or
chemical reaction parameter on the Sherwood number. It
is clear that the Sherwood number increases as the
Schmidt number or chemical reaction parameter increase.

CONCLUSIONS

A steady two-dimensional boundary layer model has
been developed for the flow of a hydromagnetic, viscous,
incompressible fluid of variable thermal conductivity in
the vicinity of a stagnation point on a non-conducting
stretching sheet embedded in a porous medium in the
presence of heat source, thermal radiation and chemical
reaction considered. The governing boundary layer
equations are reduced to nonlinear ordinary differential
equations using similarity transformations and the Fig. 2: Velocity profiles for different values of M
resulting equations are then solved numerically using
Runge-Kutta fourth order method along with shooting
technique. A parametric study is conducted to illustrate
the behavior of various physical quantities for different
values of the governing parameters and the results are
summarized as follows. 

An increase in the magnetic parameter causes rise a
in the temperature and concentration whereas a fall in
the velocity, skin friction coefficient as well as rate of
heat and mass transfer coefficients.
With an increase in the thermal buoyancy parameter,
the velocity, skin friction coefficient, rate of heat and
mass transfer increase while the temperature,
concentration decreases Fig. 3: Temperature profiles for different values of M
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Fig. 4: Concentration profiles for different values of M Fig. 7: Concentration profiles for different values of 

Fig. 5: Velocity profiles for different values of Fig. 8: Velocity profiles for different values of Ù

Fig. 6: Temperature profiles for different values of Fig. 9: Temperature profiles for different values of Ù
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Fig. 10: Concentration profiles for different values of Fig. 13: Temperature profiles for different values of pr

Fig. 11: Temperature profiles for different values of R Fig. 14: Temperature profiles for different values of s

Fig. 12: Temperature profiles for different values of Fig. 15: Concentration profiles for different values of Sc
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Fig. 16: Concentration profiles for different values of 

Table 1: Comparison of the Nusselt number - '(0) for different values of ,
M = s = = 0 and Pr = 0.05

Sharma and Noura S. Present results
Singh (2009) Al-sudais (2012) - '(0) (  = 100)8

- '(0) - '(0) - '(0)

0.1 0.081245 0.080547 0.081245
0.5 0.135571 0.135358 0.135571
2.0 0.241025 0.241025 0.241024

Table 2: Comparison of the Nusselt number - '(0), for M=0.5 and =2.0

Sharma and Singh (2009) Present results
- '(0) (  = 30) '(0) (  = 30) 8 8

--------------------------------- ------------------------------
E s Pr=0.01 Pr=0.023 Pr=0.01 Pr=0.023

0.0 0.0 0.110445 0.165796 0.110445 0.165796
0.1 0.0 0.103618 0.155590 0.103618 0.155590
0.0 0.1 0.106456 0.159719 0.106456 0.159719
0.1 0.1 0.099873 0.149886 0.099873 0.149886

Table 3: Numerical values of f"(0), - '(0) and '(0) for R=1.0, =0.1,
Pr=0.71, s=0.1, Sc=0.62 and =0.1

M f''(0) - '(0) - '(0)

0.1 0.1 0.1 -1.028546 0.208044 0.501177
0.5 0.1 0.1 -1.116631 0.200433 0.493279
2.0 0.1 0.1 -2.067143 0.139223 0.430692
5.0 0.1 0.1 -4.613129 0.088675 0.371104
0.1 0.0 0.1 -0.973508 0.223622 0.510916
0.1 0.05 0.1 -1.001560 0.215659 0.505907
0.1 0.1 0.1 -1.028546 0.208044 0.501177
0.1 0.25 0.1 -1.103904 0.187651 0.488642
0.1 0.1 0.1 -1.028546 0.208044 0.501177
0.1 0.1 0.5 -0.736303 0.324337 0.575316
0.1 0.1 2.0 1.926405 0.558843 0.812737
0.1 0.1 3.0 4.626210 0.668582 0.939632

Table 4: Numerical values of f"(0) for M=0.1, =0.1,  =0.1, Sc=0.62 and
 =0.1 and

 R Pr  s - '(0)

0.1 0.1 0.71 0.1 0.323931
1.0 0.1 0.71 0.1 0.208044
2.0 0.1 0.71 0.1 0.161259
3.0 0.1 0.71 0.1 0.140650
1.0 0.05 0.71 0.1 0.212401
1.0 1.5 0.71 0.1 0.134489
1.0 2.0 0.71 0.1 0.120402
1.0 5.0 0.71 0.1 0.079972
1.0 0.1 0.71 0.1 0.208044
1.0 0.1 2.0 0.1 0.470066
1.0 0.1 5.0 0.1 0.885781
1.0 0.1 7.0 0.1 1.094415
1.0 0.1 0.71 0.05 0.248072
1.0 0.1 0.71 0.1 0.208044
1.0 0.1 0.71 0.2 0.101217
1.0 0.1 0.71 0.3 -0.09556

Table 5: Numerical values of - '(0) for M=0.5, Pr=0.72, R=0.1,  =0.1,
=0.1, s=0.1and =0.1

Sc  - '(0)

0.3 0.1 0.320041
0.62 0.1 0.501177
0.78 0.1 0.577746
1.0 0.1 0.672346
0.62 0.1 0.501177
0.62 2.0 1.212905
0.62 4.0 1.650820
0.62 6.0 1.993250
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