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ABSTRACT 

 
A mathematical analysis has been carried out to study the 
hydromagnetic boundary layer flow of a power law fluid over an 
accelerating stretching sheet. Energy equation with additional 
effects of temperature-dependent thermal conductivity, thermal 
radiation, Ohmic dissipation, viscous dissipation and heat 
source/sink is solved numerically. Similarity transformations are 
used to convert highly non-linear partial differential equations into 
ordinary non-linear differential equations. A comprehensive 
parametric study is conducted and a representative set of results 
for the velocity and temperature profiles as well as the skin 
friction and wall heat transfer coefficients are discussed with the 
help of graphs and tables for different values of physical 
parameters. It is important to find that the momentum boundary 
layer thickness decreases with increase in power-law index, and 
the thickness is much larger for shear thinning fluid than that of 
shear thickening and Newtonian fluids. 
 
Keywords: Power law fluid, stretching sheet, magnetic field, 
Prandtl number, Eckert number, heat transfer. 
    

 

1. INTRODUCTION  
 
 In recent years, a renewed interest 
has been evinced in the study of heat transfer 
in a magnetohydrodynamic (MHD) 
boundary layer flow of a non-Newtonian 
fluid over a stretching sheet due to their 
increasing importance in many industrial 
and engineering applications such as 

polymer sheet or filament extrusion from a 
dye or long thread between feed roll or 
wind-up-roll, glass fiber, paper production, 
drawing of plastic films and liquid films in 
condensation process. Many inelastic non-
Newtonian fluids encountered in engineering 
applications are known to subscribe to the 
Ostwaald-de Waele description (so called 
Power-law model) in which the shear stress 
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varies according to a power function of the 
strain rate. Jadhav and Waghmode1 
considered the problem of heat transfer in a 
non-Newtonian Power-law fluid past a 
continuously moving flat plate in the 
presence of suction/blowing with prescribed 
surface wall heat flux. Andersson et al.2 
studied the boundary layer flow of an 
electrically conducting incompressible 
Power-law liquid in the presence of a 
transverse magnetic field. Howell et al.,3 
examined the momentum and heat transfer 
in the laminar boundary layer on a 
continuously moving and stretching surface 
in a power law fluid. Emad et al.4 analyzed 
the MHD free convection flow of a non-
Newtonian power law fluid near a stretching 
surface with uniform surface heat flux and 
included the effects of Hall current. Liao5 
presented a series solution to the non-linear 
governing equation for the flow of a power-
law liquid due to a stretching sheet.  
 

All the above mentioned 
investigations are restricted to only MHD 
Power-law fluid flow and heat transfer 
analysis. No effort has been made to study 
the effect of radiation on power-law fluid 
flow and heat transfer over a stretching 
sheet. The radiative effect finds its 
applications in physics and engineering 
particularly in the space technology and high 
temperature processes. Thermal radiation 
effects may also play an important role in 
controlling heat transfer in polymer 
processing industry where the quality of the 
final product depends on the heat controlling 
factors to some extent. High temperature 
plasmas cooling of nuclear reactors, liquid 
metal fluids, power generator system are 
some important applications of radiative 
heat transfer. The effect of radiative heat 

transfer applications have extensively 
studied by (Perdikis and Raptis6; Raptis and 
Perdikis7; Raptis8; Raptis et al.9; Abel         
et al.10). 

 

In all the above studies, the physical 
properties of the ambient fluid were assumed 
to be constant. However, it is known that 
these physical properties of the ambient 
fluid, (Chiam,11; Chiam,12; Abel et al.,10) 
may change with temperature. For 
lubricating fluids heat generated by internal 
friction and the corresponding rise in the 
temperature affects the thermal conductivity 
of the fluid so it can no longer be assumed 
constant. The increase of temperature leads 
to increase in the transport phenomena by 
reducing the thermal conductivity across the 
thermal boundary layer due to which the 
heat transfer at the wall is also affected. 
Therefore to predict the flow and heat 
transfer rates, it is necessary to take variable 
thermal conductivity of the fluid into 
account. In view of this, the present problem 
is the extension of Andersson and 
Dandapat13 by considering the variable 
thermal conductive of the fluid which 
depends on temperature. Abel et al.,14 
studied the effect of magnetic field on 
viscoelastic fluid flow and heat transfer over 
a stretching sheet with internal heat 
generation /absorption. Datti et al.,15 
extended the work of Abel et al.14 to variable 
thermal conductivity liquids assuming that 
the thermal conductivity varies linearly with 
temperature. Thus in the present paper, we 
contemplate to study the thermal radiation 
effects on MHD power law fluid flow and 
heat transfer over a stretching sheet where 
the fluid thermal conductivity is assumed to 
be a linear function of temperature 
(Chiam,11). In order to consider the 
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situations of endothermic /exothermic 
chemical reactions, we have included the 
effects of internal heat generation/absorption 
and viscous dissipation in the energy 
equation. Inclusion of the effects of 
temperature-dependent fluid thermal 
conductivity, power-law index, Magnetic 
field, viscous dissipation, thermal radiative 
heat flux, heat source/sink yield a highly 
non-linear coupled partial differential 
equations that govern the boundary layer 
problem considered in the present paper. 
The coupled non-linear partial differential 
equations are then reduced to a system of 
coupled non-linear coupled ordinary 
differential equations by applying suitable 
similarity transformations. These non-linear 
coupled differential equations are solved 
numerically by the Keller-Box method for 
different values of the physical parameters 
by considering ‘Prescribed Heat Flux (PHF)’ 
type of wall heating condition. One of the 
important findings is that the horizontal 
boundary layer thickness decreases with the 
increase of power law index. The thickness 
is much larger for shear thinning fluids than 
that of Newtonian and shear thickening 
fluids. 

 
2. MATHEMATICAL FORMULATION 
 

The steady two-dimensional 
hydromagnetic boundary layer equations for 
a weakly electrically conducting power-law 
fluid flow are given by (Andersson et al.2): 
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where u and v are the velocity components 
in the stream-wise (x) and the cross-section 
(y) directions, respectively. The power-law 
fluid is represented by the following 
rheological equation of state, which in 
Cartesian form becomes 
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where jiT   is the stress tensor, p   is the 

pressure, ijδ  is the Kroneckar delta, jiD is 

the rate of strain tensor, K is the consistency 
co-efficient  and  n is the  power law index . 
The two- parameter rheological Eq. (2.3) is 
known as the Ostwald-de-Waele model or, 
more commonly, the power law model. Eq. 
(2.3) represents a Newtonian fluid when n=1 
with dynamical coefficient of viscosityK . 
Therefore, the deviation of n from unity 
indicates the degree of deviation from 
Newtonian behaviour. When 1≠n , the 
constitutive Eq. (2.3) represents shear 
thinning (n < 1) and shear thickening (n > 1) 
fluids. Within the boundary layer 
approximation, the essential off-diagonal 
stress component simplifies to 
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and becomes the only stress component of 
dynamic significance.  Then using Eq. (2.4) 
governing momentum Eq. (2.2) reduces to 
the following form 
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However, unlike second-order 
visco-elastic fluid, the inelastic power-law 
model Eq. (2.3) does not exhibit normal 
stress differences. In the present situation, 
we have 0u y∂ ∂ ≤  throughout the entire 
boundary layer since the stream-wise 
velocity component u decreases 
monotonically with the distance y from the 
moving surface. Here, ρ  is the fluid 
density, µm is the magnetic permeability and  

0H  is the applied transverse magnetic field. 

Moreover, the boundary layer flow is driven 
up by a stream wise pressure gradient 

dp dx U dU dx− =  setup by external free 
stream outside the viscous boundary layer. 
In present article, however, there is no 
driving pressure gradient present. Instead, 
the flow is driven solely by a flat sheet 
which moves with a prescribed velocity

bxxU =)( , where x denotes the distance 
from the slit from which the surface emerges 
and b>0 (as shown in Fig.1). We employ the 
following appropriate boundary conditions 
on velocity which are known as linear 
stretching boundary conditions in literature. 
Therefore, the initial and boundary 
conditions for the present flow problem are 
given as follows:  
 

( ) , , Uyxu =  ( )v , 0     at   0x y y= =  (2.6a) 
 

∞→→ yasyxu 0),(            (2.6b) 
 
Here, (2.6b), claims that the stream wise 
velocity vanishes outside the boundary layer, 
first condition (2.6a) signifies the 
importance of impermeable stretching sheet, 
whereas second condition of (2.6a) assures 
no slip at the surface. Besides the boundary 
conditions (2.6), the vanishing of shear 

stress xyT should vanish outside the 

momentum boundary layer needs to be 
satisfied by a proper solution.  To examine 
the flow regime adjacent to the plate, the 
following transformations are invoked: 
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where η is the similarity variable and 

),( yxψ  is the stream function. The velocity 
components uand v  are given by 
 

( ), v ,u
y x

ψ ψ ∂ ∂= − ∂ ∂ 
.              (2.8) 

 
The local Reynolds number is defined by 
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The mass conservation Eq. (2.1) is therefore 
automatically satisfied by the velocity 
components define in Eq. (2.8). By 
assuming the similarity function ( )ηf  

depends on the similarity variable η , i.e. f
does not exhibit any explicit x-dependence, 
the momentum Eq. (2.5) transforms into the 
ordinary differential equation by using the 
similarity transformation given in Eq. (2.7): 
 

( ) 0
1

221 =−








+
+−− −

ηηηηηηηηη fMnff
n

n
fffn n ,                                                  

             (2.10) 
 

and the boundary conditions (2.6) in terms 
of the dimensionless variables are given by  
 

1)( =ηηf ,   0)( =ηf   at  η=0         (2.11a) 
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Here suffix denotes the differentiation with 

respect to η  only, bBMn ρσ /2
0=  is the 

Magnetic parameter. It should be noted that 
the velocity ( )xUU =  used to define the 

dimensionless stream function f  in Eq. 
(2.7) . The local Reynolds number in Eq. 
(2.9) denotes the velocity of the moving 
surface that drives the flow. This choice 
contrasts with the conventional boundary 
layer analysis, in which the free stream 
velocity is taken as the velocity scale. 
Although the transformation defined in Eq. 
(2.7) can be used for an arbitrary variation of 
U(x), the transformation results in a true 
similarity problem only if U  varies as 

mxC . Here m is an arbitrary positive 
constant (m=1) i.e., not necessarily an 
integer. We note here that when n=1, Eq. 
(2.10) is the homogeneous Falkner-Skan 
equation.  Three boundary conditions, e.g. 
Eq. (2.11) suffice for solving third-order 
equation which results for transformed 
momentum equation for power-law fluids. 
The skin friction coefficient at the sheet is 
given by 
  

( )
1

2 12 (0) 2 Re [ (0)]n
f xy xC T U fηηρ

−
+= − = −  (2.13) 

 
To determine the temperature distribution 
and heat transfer in the above boundary 
layer, we now solve the heat transport due to 
stretching sheet. 
 
3. HEAT TRANSFER ANALYSIS  
 

The energy equation for a fluid with 
variable thermal conductivity in the presence 
of viscous dissipation, radiation, ohmic 
dissipation and internal heat generation/ 

absorption for the above two - dimensional 
flow is given by (Chiam,12): 
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where pc is the specific heat at constant 

pressure , T is the temperature of the fluid, 

∞T is the constant temperature of the fluid 

far away from the sheet and )(Tκ  is the 
temperature-dependent thermal conductivity. 
We consider the temperature-thermal 
conductivity relationship in the following 
form (Chiam,12): 
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where  ww TTTT ,∞−=∆ is the sheet 

temperature, ε  is a small parameter and ∞κ  
is the conductivity of the fluid far away from 
the sheet. The third term rq  on the right 
hand side of Eq. (3.1) represents the 
radiative heat flux which is given by (Quinn 
Brewster,17):  
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where ** andKσ  are respectively the 
Stephan-Boltzmman constant and the mean 
absorption coefficient. We assume that the 
differences within the flow are such that 4T   
may be expressed as a linear function of 
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temperature. This is accomplished by 

expanding  4T  in a Taylor series about ∞T  
and neglecting the higher order terms to 

obtain 434 34 ∞∞ −≅ TTTT . Using this 

expression of 4T  in Eq. (3.3), we get 
*

3
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The term containing sQ  in Eq. (3.1) 

represents the temperature-dependent 
volumetric rate of heat source when 0sQ >  

and heat sink when 0sQ < . These deal with 

the situation of exothermic and endothermic 
chemical reactions respectively. Substituting 
Eqs. (3.4) and (3.2) in Eq. (3.1), we get 
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The boundary conditions assumed for 
solving Eq. (3.5) are 
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use a scaled η -dependent temperature in the 
form 
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thereby imposing the condition that the x-
variation of T in the fluid is the same as that 
along the sheet. The imminent advantage in 
using Eq. (3.6) is that the temperature-
dependent thermal conductivity turns out to 
be x-independent. Eq. (3.5) on using Eqs. 
(2.7) and (3.7) reduces to the non-linear 
differential equation:  
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Here again, the suffix η denotes the 
differentiation with respect to η . The 

coefficients ,,Pr, Ecβ and Nr are the 
modified Prandtl number, heat source/sink 

parameter, modified Eckert number and 
thermal radiation parameter respectively and 
are defined as follows: 
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and other parameters are as defined earlier. 
It is easy to check that by setting 10 =K  in 

the Eq. (3.8), thermal radiation is neglected. 
Using Eq. (3.7), we have from Eq. (3.6) can 
be written as: 
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The local Nusselt number is given by   
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where the heat transfer coefficient ( )h x as 
the form 
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Substituting  Eqs. (3.12) in Eq. (3.11), we 
get 
 

1
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We noticed that in the absence of magnetic 
parameter, Eqs. (2.10) and (3.8) reduce to 
those of Hassanien et al.18, while in the 
presence of magnetic parameter, the Eqs. 
(2.10) & (3.8) reduce to those of Andersson 
et al.2 and Cortell19. Further, when the 
magnetic parameter is absent, the analytical 
solution of the equations (2.10) and (3.8) 
with the corresponding boundary conditions 
(2.11) and (3.10) can be obtained for 
Newtonian fluid (n=1). This agrees well 
with the results of Crane20 and Grubka and 
Bobba21. 

4. RESULTS AND DISCUSSION 
 

The boundary value problem 
involving equations (2.10), (2.11), (3.8) and 
(3.10) is solved numerically using the Keller 
box method. This method is unconditionally 
stable and has a second order accuracy with 
arbitrary spacing. First, we write the 
transformed differential equations and the 
boundary conditions in terms of first order 
system, which is then converted to a set of 
finite difference equations using central 
differences. Then the non-linear algebraic 
equations are linearised by Newton’s 
method and the resulting linear system of 
equations is then solved by block tri-
diagonal elimination technique. For the sake 
of brevity, the details of the numerical 
solution procedure are not presented here. It 
is worth mentioning that a uniform grid of 

01.0=∆η   is satisfactory in obtaining 
sufficient accuracy with an error tolerance 
less than 610 .−  We now move onto the 
discussion of the results obtained in the 
study. The result of the computation is 
plotted graphically in Figs. 2-8 and also 
documented in Tables 1 and 2. Numerical 
values of horizontal velocity profiles and 
temperature profiles are, respectively, shown 
in Figs. 2-3 and Figs. 4-8. We first discuss 
the results of the velocity distribution and 
then move on to the temperature profiles 
discussion.  

 

Figures 2(a) and 2(b) illustrate the 
effect of power-law index n and magnetic 
field parameterMn  on the horizontal 
velocity profiles ( ) ηηη .vsf . We find that 

the horizontal velocity profiles decrease with 
increasing the values of power-law index n 
and the magnetic parameter Mn  in the 
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boundary layer but this effect is not very 
prominent near the wall. The effect of 
increasing the values of power law index n 
is to reduce the horizontal velocity and 
thereby reducing the boundary layer 
thickness i.e. the thickness is much large for 
shear thinning (pseudo-plastic) fluids (0 < n 
< 1) than that of Newtonian (n=1) and shear 
thickening (dilatant) fluids (1 < n < 2), as 
clearly seen from Fig. 2(a) in absence of 
magnetic field (i.e. Mn=0). The effect of 
magnetic parameter Mn  on the horizontal 
velocity profile is depicted in the Fig. 2(b). It 
is observed that the horizontal velocity 
profile decreases with increase in the 
magnetic field parameters due to the fact 
that, the introduction of transverse magnetic 
field (normal to the flow direction) which 
has a tendency to create a drag, known as 
Lorentz force which tends to resist the flow. 
This behavior is even true in the case of 
shear thickening and shear thinning fluids. 
The effect of power law index n, on 
temperature profiles θ(η) in the boundary 
layer for prescribed heat flux is shown in 
Fig. 3(a). It is observed that the temperature 
distribution θ(η)  is not unity at the wall and 
is different for different values of the power-
law index n. However, the temperature 
distribution θ(η) decreases asymptotically to 
zero in the boundary layer. The effect of 
increasing values of power-law index n leads 
to thinning of thermal boundary layer 
thickness. This behaviour is much noticeable 
for shear thinning and shear thickening 
fluids. This phenomenon is also true in the 
presence of Magnetic parameter as shown in 
the Fig. 3(b).  Comparison of Fig. 3(a) with 
Fig. 3(b) reveals the fact that the effect of 
magnetic field parameter Mn  is to increase 
the temperature profile θ(η) in the boundary 

layer since, when a transverse magnetic field 
is applied to an electrically conducting fluid 
there is rise in a resistive type of force, 
known as Lorentz force. This force makes 
the fluid to experience a resistance by 
increasing the friction between its layers and 
due to which there is an increase in the value 
of the temperature θ(η) in the boundary 
layer.  
 
  Figures 4(a) and 4(b) exhibit the 
temperature distribution θ(η) with space 
variable η  for different values of variable 
thermal conductivity parameter in 
Newtonian (n=1) and shear thickening, shear 
thinning n≠1 fluids, respectively.  From 
these graphs we observe that the temperature 
distribution is lower throughout the 
boundary layer in the absence of variable 
thermal conductivity parameter ε  and 
becomes higher by increasing the values of 
variable thermal conductivity parameterε  
which tends to zero as the space variable η  
increases from the boundary wall. This is 
due to the fact that the assumption of 
temperature-dependent thermal conductivity 
implies a reduction in the magnitude of the 
transverse velocity by a quantity yT ∂∂ /)(κ  
which can be seen from Eq. (21). This is true 
even in the presence/absence of magnetic 
field and is much noticeable for shear 
thickening and shear thinning fluids as 
shown in Fig. 4(b). The depictions of 
temperature profile θ(η) with space variable 
η  for various values of modified Prandtl 
number are displayed in Figs. 5(a) and 5(b) 
for (n=1) and (n≠1) cases, respectively. 
From these graphs we infer that the 
temperature profile decreases with an 
increase in modified Prandtl number, which 
implies that viscous boundary layer is 
thicker than the thermal boundary layer. In 
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both the cases temperature distribution tends 
to zero as the space variable η  increases 
from the wall, for both Newtonian (n=1) and 
non-Newtonian (n≠1) fluid cases. The 
influence of thermal radiation Nr on 
temperature profile ( )ηθ  with space 
variableη  is shown in Fig. 6(a) and 6(b) for 
(n=1) and (n≠1) cases, respectively. From 
these graphs one can observe that, as the 
thermal radiation parameter Nr increases, 
there is increase in the temperature profile in 
the boundary layer. This result qualitatively 
agrees well with the fact that the effect of 
thermal radiation is to decrease the rate of 
transport to the fluid, thereby decreasing the 
temperature of the fluid.   

The graphs for the temperature 
distribution θ(η) with space variable η  for 
different values of Eckert number are plotted 
in Figs. 7(a) and 7(b) for Newtonian and 
shear thickening, and shear thinning fluids, 
respectively. The analysis of the graph 
reveals that the effect of increasing values of 
Eckert number is to increase the temperature 
distribution in the flow region in both cases 
of Newtonian and non-Newtonian power 
law fluids. This is due to the fact that heat 
energy stored in the fluid due to frictional 
heating, as a result of dissipation due to 
viscosity and elastic deformation. Further it 
is observed from Fig. 7(a) that the values of 
temperature profiles are always less in the 

absence of magnetic field than the presence 
of magnetic field and Fig. 7(b) reveals that 
the temperature is always  less in the case 
when n < 1.0 than when n > 1.0. Figs. 8(a) 
and 8(b) represent the variation of 
temperature profiles with η for various 
values of heat source/ sink parameter β. 
From figure 8(a) is noted that the effect of β 
is to increase the temperature profiles and as 
before the values of temperature in the 
boundary layer is always less when Mn=0 
than when Mn≠0. Similarly, it is found from 
Fig. 8(b) that the temperature in the 
boundary layer is always less in the case of 
shear thinning fluid than in the case of shear 
thickening fluid.  

 
Table 1 shows the effects of power-

law index (n) on skin friction –f″(0) for 
various values of heat source/ sink parameter 
Q. It is observed that skin friction decreases 
with increase in the value power-law index 
parameter whereas reverse trend is seen by 
increasing the value of heat source/ sink 
parameter Q for any value of n. Table 2 
display the variation of wall temperature 
θ(0) for different values of physical 
parameters such as Nr, Ec, ε, β, n and Mn 
when Pr=1.0. It is clearly seen from these 
tables that wall temperature increases with 
Mn, β, ε and Ec whereas reverse trend is 
seen by increasing the value of power-law 
index n and thermal radiation parameter Nr. 

 
Table 1: Values of skin friction, )0(f ′′− , for different Values of Mn and n. 

 

n/Mn 0.0 0.5 1.0 1.5 2.0 
0.4 1.292 1.8151 2.28536 2.71942 3.12702 
0.6 1.107 1.4649 1.77762 2.06012 2.32088 
0.8 1.034 1.3086 1.54429 1.75406 1.94588 
1.0 1.0 1.2249 1.41440 1.58100 1.73200 
1.2 0.989 1.1752 1.33306 1.47150 1.59599 
1.4 0.982 1.1441 1.27858 1.39653 1.50229 
1.6 0.980 1.1207 1.23901 1.34266 1.43425 
1.8 0.979 1.1047 1.20995 1.30106 1.38230 
2.0 0.978 1.0926 1.18711 1.26904 1.34174 



405 K. V. Prasad, J. Comp. & Math. Sci. Vol.3 (3), 396-413 (2012) 

Journal of Computer and Mathematical Sciences Vol. 3, Issue 3, 30 June, 2012 Pages (248-421) 

Table 2: Wall temperature θ(0) for different values of the physical parameters with  
Pr=1.0 and Nr=1.0. 

 
Ec 

  

ε 

  

β 

  

n=0.8 n=1.0 n=2.0 

Mn=0.0 Mn=0.5 Mn=0.0 Mn=0.5 Mn=0.0 Mn=0.5 

0 

0 -0.1 1.21823 1.713370 1.21850 1.67286 1.05167 1.306053 

0 0 1.27644 1.844584 1.27746 1.78707 1.07650 1.339816 

0 0.1 1.35056 2.041387 1.35083 1.93971 1.10301 1.375949 

0.05 -0.1 1.32593 1.890889 1.32652 1.84358 1.12910 1.407946 

0.05 0 1.39574 2.052418 1.39728 1.98386 1.15776 1.447106 

0.05 0.1 1.48581 2.300687 1.48645 2.17502 1.18846 1.489170 

0.1 -0.1 1.45938 2.121359 1.46049 2.06426 1.22131 1.530995 

0.1 0 1.54558 2.329333 1.54794 2.24409 1.25496 1.577333 

0.1 0.1 1.65877 2.661229 1.66003 2.49639 1.29116 1.627348 

0.25 

0 -0.1 1.32873 1.877900 1.33562 1.83469 1.16764 1.439508 

0 0 1.39417 2.022765 1.40246 1.96162 1.19615 1.477549 

0 0.1 1.47768 2.239785 1.48579 2.13127 1.22659 1.518269 

0.05 -0.1 1.44865 2.078642 1.45665 2.02781 1.25529 1.554525 

0.05 0 1.52735 2.258321 1.53709 2.18478 1.28823 1.598748 

0.05 0.1 1.62914 2.534659 1.63868 2.39895 1.32352 1.646263 

0.1 -0.1 1.59824 2.342009 1.60783 2.28004 1.36023 1.694266 

0.1 0 1.69584 2.576035 1.70770 2.48338 1.39897 1.746778 

0.1 0.1 1.82447 2.951018 1.83614 2.76970 1.44068 1.803479 

0.5 

0 -0.1 1.43923 2.042426 1.45274 1.99652 1.28360 1.572962 

0 0 1.51190 2.200942 1.52746 2.13617 1.31579 1.615283 

0 0.1 1.60481 2.438183 1.62076 2.32283 1.35017 1.660589 

0.05 -0.1 1.57188 2.267583 1.58736 2.21321 1.38193 1.701701 

0.05 0 1.65954 2.465704 1.67756 2.38712 1.41916 1.751024 

0.05 0.1 1.77319 2.770654 1.79173 2.62470 1.45907 1.804031 

0.1 -0.1 1.73842 2.566080 1.75668 2.49911 1.50025 1.859048 

0.1 0 1.84768 2.827194 1.86928 2.72686 1.54416 1.917832 

0.1 0.1 1.99217 3.247412 2.01454 3.04873 1.59145 1.981339 
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Fig.1 : Schematic diagram of an extrusion process. 
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Fig. 2(a): Horizontal velocity profiles for different values of power law index n. 
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Fig. 2(b): Horizontal velocity profiles for different values of power law index with Mn=0.5 
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Fig. 3(a): Temperature profiles for different values of power law index (n) with Mn=0.0 
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Fig. 3(b): Temperature profiles for different values of power law index with Mn=0.5 
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Fig. 4(a): Temperature profiles for different values of variable thermal conductivity parameter with n=1.0 
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Fig.4(b): Temperature profiles for different values of variable thermal conductivity parameter 

for shear thickening and shear thinning fluids with Mn=0.0 
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Fig. 5(a): Temperature profiles for different values of Prandtl number Pr with n=1.0 
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Fig. 5(b): Temperature profiles for various values of Pr for Shear thickening and shear thinning fluids. 
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Fig. 6(a): Temperature profiles for different values of Thermal radiation parameter with n=1.0 
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Fig.6(b): Temperature profiles for different values of Nr for shear thickening and shear thinning fluids. 
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Fig. 7(a): Temperature profiles for different values of Eckert number with n=1.0 
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Fig.7(b): Temperature profiles for different values of Eckert number for n < 1 and n = 1. 
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Fig. 8(a): Temperature profiles for different values of heat source/sink parameter. 
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Fig. 8(b): Temperature profiles for different values of β for shear thickening and shear thinning fluids. 
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