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ABSTRACT 

The problem of magneto-hydrodynamic flow and heat transfer of an electrically conducting non-Newtonian power-law 
fluid past a non-linearly stretching surface in the presence of a transverse magnetic field is considered. The stretching 
velocity, the temperature and the transverse magnetic field are assumed to vary in a power-law with the distance from 
the origin. The flow is induced due to an infinite elastic sheet which is stretched in its own plane. The governing equa-
tions are reduced to non-linear ordinary differential equations by means of similarity transformations. These equations 
are then solved numerically by an implicit finite-difference scheme known as Keller-Box method. The numerical solu-
tion is found to be dependent on several governing parameters, including the magnetic field parameter, power-law index, 
velocity exponent parameter, temperature exponent parameter, Modified Prandtl number and heat source/sink parameter. 
A systematic study is carried out to illustrate the effects of these parameters on the fluid velocity and the temperature 
distribution in the boundary layer. The results for the local skin-friction coefficient and the local Nusselt number are 
tabulated and discussed. The results obtained reveal many interesting behaviors that warrant further study on the equa-
tions related to non-Newtonian fluid phenomena. 
 
Keywords: Boundary Layer Flow; Magneto-Hydrodynamic Flow; Power-Law Fluid; Stretching Sheet; Modified 
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1. Introduction 

During the past four decades the study of non-Newtonian 
fluids has gained interest because of their numerous 
technological applications, including manufacturing of 
plastic sheets, performance of lubricants, and movement 
of biological fluids. In particular, the flow of an incom-
pressible non-Newtonian fluid over a stretching sheet has 
several industrial applications in, for example, extrusion 
of a polymer sheet from a dye or in the drawing of plastic 
films. In view of their differences with Newtonian fluids, 
several models of non-Newtonian fluids have been pro-
posed. Amongst these the simplest and the most common 
model is the power-law fluid, which has received special 
attraction from the researchers in the field. The rheologi-
cal equation of the state for the power-law fluid, which is 
the relationship between the stress components ij  and 
strain components  as proposed by [1], reads: ije
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where  is the pressure, p ij  is the Kroneckar delta 

and K  and  are the consistency coefficient and the 
power-law index of the fluid, respectively. When , 
the fluid is said to be dilatant or shear thickening; for 

n
1n 

1n  , the fluid is called shear thinning or pseudo plastic 
and for 1n   the fluid is simply the Newtonian fluid. 
Several studies in the literature suggest the range 
0 2n   for the power-law index . Since the pio-
neering work of [2] various aspects of the stretching 
sheet problem involving Newtonian/non-Newtonian flu-
ids have been extensively studied by several authors. 
Some recent papers in this direction may be found in the 
references ([3-5]). These research works do not however 
consider the situation where hydromagnetic effects arise. 
The study of hydrodynamic flow and heat transfer over a 
stretching sheet may find its applications in polymer 
technology related to the stretching of plastic sheets. Al-
so, many metallurgical processes involve the cooling of 
continuous strips or filaments by drawing them through a 
quiescent fluid and while drawing these strips are some-
times stretched. The rate of cooling can be controlled by 
drawing such strips in an electrically conducting fluid 
subjected to a magnetic field in order to get the final 
products of desired characteristics; as such a process 

n
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greatly depends on the rate of cooling. In view of this, 
the study of MHD flow of Newtonian/non-Newtonian 
flow over a stretching sheet was carried out by many 
researchers ([6-10]). 

All the above mentioned investigators confined their 
analyses to MHD flow and heat transfer over a linear 
stretching sheet. However, the intricate flow and heat 
transfer problem over a non-linearly stretching sheet with 
the effects of internal heat generation/absorption is yet to 
be studied. This has applications to several industrial 
problems such as engineering processes involving nu-
clear power plants, gas turbines and many others [11-13]). 
Reference [14] studied viscous flow and heat transfer 
over a nonlinearly stretching sheet. 

Motivated by these analyses and practical applications, 
the main concern of the present paper is to study the ef-
fect of variable thermal conductivity on the power-law 
fluid flow and heat transfer over a non-linearly stretching 
sheet in the presence of a transverse magnetic field. This 
extends the work in [14], to the case of MHD non-New- 
tonian power-law fluid flow and heat transfer by consid-
ering the contribution of internal heat generation/absorp- 
tion. Because of the intricacy, the influence of power-law 
index parameter, magnetic parameter, non-linear velocity 
and temperature exponent and heat source/sink parameter 
make the momentum and energy equations coupled and 
highly non-linear partial differential equations. To reduce 
the number of independent variables, these partial dif-
ferential equations are simplified to coupled non-linear 
ordinary differential equations by suitable similarity 
transformations. These equations are in turn solved nu-
merically by an implicit finite-difference scheme known 
as Keller-box method. Thus, for the solution of highly 
non-linear boundary value problem, computer simulation 
is a powerful technique to predict the flow behavior. 

2. Mathematical Formulation 

In view of the present physical situation we have consid-
ered steady laminar two-dimensional boundary layer 
flow due to a stretching sheet in a quiescent viscous in-
compressible and electrically conducting fluid obeying 
power-law model in the presence of a transverse mag-
netic field 0 . The flow is generated as a consequence 
of non-linear stretching of the boundary sheet, caused by 
simultaneous application of two equal and opposite 
forces along 

B

x -axis, while keeping the origin fixed in 
the fluid of the ambient temperature . The positive T

x -coordinate is measured along the direction of the mo-
tion, with the slot at the origin, and the positive 

-coordinate is measured normal to the surface of the 
sheet and is positive from the sheet to the fluid. The con-
tinuous stretching sheet is assumed to have a non-linear 
velocity and prescribed temperature of the form 

y

  mU x bx  and   r
wT x T A x   respectively, where 

 is the stretching constant, b x  is the distance from the 
slot; A  is a constant whose value depends upon the 
properties of the fluid. Here,  and  are the velocity 
and temperature exponents, respectively. It is also as-
sumed that the magnetic Reynolds number  is very 
small; i.e. 0m

m

1bl

r

Rem

Re    , where 0  is the mag-
netic permeability and   is the electric conductivity. 
We neglect the induced magnetic field, which is small in 
comparison with the applied magnetic field. Further, the 
external electrical field is assumed to be zero and the 
electric field due to polarization of charges is also negli-
gible. Under these assumptions, the basic equations gov-
erning the flow and heat transfer in usual notation are: 
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where  and  are the flow velocity components 
along the 

u v
x  and -axes respectively, y   is the kine-

matic viscosity of the fluid,  is the power-law index, n
  is the fluid density and pc  is the specific heat at 
constant pressure. The first term in the right hand side of 
the Equation (2.2), is the shear rate  y

u

u   has been 
assumed to be negative throughout the boundary layer 
since the stream wise velocity component  decreases 
monotonically with the distance  from the moving 
surface (for continuous stretching surface). A rigorous 
derivation and subsequent analysis of the boundary layer 
equations, for power-law fluids, were recently provided 
by [15]. They focused on boundary layer flow driven by 
free stream 

y

 U x mx  i.e., of Falkner-Skan type. Such 
boundary layer flows are driven by a stream wise pres-  

sure gradient 
d d

d d

p u
 set up by the external free  

x x
 

stream outside the viscous boundary layer. In the present 
context no driving pressure gradient is present. Instead 
the flow is driven solely by the stretching surface, which 
moves with a prescribed velocity . T is the tem-
perature of the fluid and 

 U x
  is the thermal diffusivity of 

the fluid. The last term containing sQ  in Equation (2.3) 
represents the temperature-dependent volumetric rate of 
heat source when s  and heat sink when 0Q  0sQ  . 
These deal with the situation of exothermic and endo-
thermic chemical reactions respectively. Thus the rele-
vant boundary conditions applicable to the flow are: 

   ,0 ,u x U x             (2.4) 
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 ,0 0,v x                          (2.5) 

  ,0 wT x T x 

 

,                    (2.6) 

   , 0 , , asu x y T x y T y      (2.7) 

Here, boundary condition (2.7) means that the stream- 
wise velocity and the temperature vanish outside the 
boundary layer. Equation (2.6) is the variable prescribed 
surface temperature at the wall whereas the Equation (2.5) 
signifies the importance of impermeability of the stretch- 
ing surface and the Equation (2.4) assures no slip at the 
surface. In order to obtain the similarity solutions of Eq-
uations (2.1)-(2.7), we assume that the variable magnetic 
field  is of the form  0B x    1 2

0 0
mB x B x  . This 

form of  has also been considered by [11-13] in 
the study of MHD flow problems past moving or fixed 
flat plate. The momentum and energy equations can be 
transformed to the corresponding ordinary differential 
equations by the following transformation ([8]) 
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where   is the similarity variable, ( , )x y  is the 
stream function f  and   are the dimensionless simi-
larity function and temperature, respectively. The veloc-
ity components  and v are given by u

u
y





, v
x


 


                 (2.9) 

The local Reynolds number is defined by 

2
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x
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

                      (2.10) 

The mass conservation Equation (2.1) is automatically 
satisfied by Equation (2.9). By assuming the similarity 
function  f   to depend on the similarity variable  , 
the momentum Equation (2.2) and the heat Equation (2.3) 
transform into the coupled non-linear ordinary differen-
tial equations of the form 
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The boundary conditions (2.4)-(2.7) now become 
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where 2
0Mn B b   is the magnetic parameter, 

 
2

1Re n
x xNpr Npe   is the modified Prandtl number  

for power-law fluids, x pNpe c U x k  is the convec-
tional Peclet number ([16] and [17]), psQ c b   is 
the heat source/sink parameter. Here, primes and sub-
script   denote the differentiation with respect to  . 
Equations (2.11) and (2.12) are solved numerically sub-
ject to the boundary conditions (2.13). 

We notice that in the case of linear stretching  1m   
and in the absence of magnetic parameter, Equations 
(2.11) and (2.12) reduce to those of [18], while in the 
case of linear stretching  1m 



 and in the absence of 
heat source/sink, Equations (2.11) and (2.12) reduce to 
those of [19] and in the presence of magnetic field pa-
rameter these equations reduce to those of [8] and [10]. 
Further, for linear stretching 1m  the analytical so-
lution of the Equations (2.11) and (2.12) with the corre-
sponding boundary conditions (2.13) is obtained for 
Newtonian fluid  1n  . This agrees well with the re-
sults of [3] and [20]. It should be noted that the velocity 

 U U x  is used to define the dimensionless stream 
function f  in the Equation (2.11). The local Reynolds 
number in Equation (2.10) describes the velocity of the 
moving surface that drives the flow. This choice con-
trasts with the conventional boundary layer analysis, in 
which the free stream velocity is taken as the velocity 
scale. Although the transformation defined in Equation 
(2.8) and (2.10) can be used for arbitrary variation of 
 U x , the transformation results in a true similarity 

problem only if  varies as . Such surface veloc-
ity variations are therefore required for the ordinary dif-
ferential Equation (2.11) to be valid. 

U mb x

The physical quantities of interest are the skin-friction 
coefficient fC  and the local Nusselt number xNu , 
which are defined as 
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respectively, where the wall shear stress w  and heat 
transfer from the sheet  are given by wq

0

at 0 at 0

,w w

y y

u
q k

y y
  T

 

   
         


    (2.15) 

with 0  and  being the dynamic viscosity and 
thermal conductivity, respectively. Using the non-dimen- 
sional variables (2.7), we obtain 
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parameter for a linearly stretching sheet, i.e. 1m  . It is 
observed that our results are in good agreement with the 
results obtained by the previous investigators as seen 
from the tabulated results in Table 1 for a viscous fluid. 
It is found from this table that the magnitude of  0f   
decreases when the power law index  increases. Si-
milarly, by varying 

n
Mn  an excellent agreement is noted 

between present results and [8]. The effects of various 
non-dimensional parameters namely, the power- law in-
dex , the magnetic parameter n Mn , the velocity expo-
nent parameter  and the temperature exponent pa-
rameter , the modified Prandtl number  and the 
heat source/sink parameter 

m
r Npr

  on the flow and heat 
transfer are shown graphically in the Figures 1-5. 

   
1

1Re 0 .n
xxNu             (2.16) 

where xy  is the shear stress and Rex  is the local 
Reynolds number. 

3. Numerical Procedure 

The system of transformed governing non-linear coupled 
differential Equations (2.11) and (2.12) with the bound-
ary conditions (2.13) is solved numerically using the fi-
nite-difference scheme known as Keller-Box scheme as 
described in [21] and [22]. This method is uncondition-
ally stable and has second-order accuracy with arbitrary 
spacing. The transformed differential equations and the 
boundary conditions are first written as a first-order sys-
tem, which are 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 system of linear 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 0.01   is satisfactory in ob-
taining sufficient accuracy with an error tolerance less 
than  The more general formulations presented in 
this study can be readily simplified to various special 
cases considered in the previous works. 

610 .

Figures 1(a)-(c) respectively, depict the effect of shear 
thinning  1n  , Newtonian  , and shear thick-
ening 

1n 
 1n   fluids on the horizontal velocity profiles 

f   with  , for different values velocity exponent pa-
rameter  and the magnetic parameter m Mn

m

. From the 
geometrical representation, we notice that increasing the 
values of magnetic parameter results in flattering of ho-
rizontal velocity profiles. The transverse contraction of 
the velocity boundary layer is due to the applied mag-
netic field which invokes the Lorentz force producing 
considerable opposition to the fluid motion. The effect of 
flattering of horizontal velocity as a consequence of in-
creasing the strength of the magnetic field is observed for 
all values of velocity exponent parameter . The effect 
of increasing values of the velocity exponent parameter 

 is to reduce the momentum boundary layer thickness, 
which tends to zero as the space variable 
m

  increases 
from the boundary surface. Physically,  implies 
that the surface is decelerated from the slot, 

0
m

m 
0  im-

plies the continuous movement of a flat surface, and 
 implies the surface is accelerated from the ex-

truded slit. Horizontal velocity profiles 
0m 

f   decreases 
and disclosing the fact that the effect of stretching of the 
exponent parameter  from negative values to positive m

4. Results and Discussion 

The effect of variable thermal conductivity on the MHD 
boundary layer flow and heat transfer in an electrically 
conducting power-law fluid over a non-linearly stretch-
ing sheet in the presence of heat source/sink parameter is 
investigated numerically. Numerical computation of the 
problem is obtained by Keller-Box method. To assess the 
accuracy of the computed values, the results for skin fric-
tion are compared with the values obtained by [8] for 
different values of power law index and the magnetic  
 
Table 1. Comparison of some of the values of skin-friction coefficient

 
obtained by [13] with the present results for m = 1 for 

different values of n and Mn. 

 Andersson et al. [13] Present results 

n/Mn 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 

0.4 1.292 1.8151 2.2854 2.7194 3.1270 1.2894 1.8143 2.2850 2.7192 3.1269 

0.6 1.107 1.4649 1.7776 2.0601 2.3209 1.1037 1.4640 1.7773 2.0599 2.3208 

0.8 1.034 1.3086 1.5443 1.7541 1.9459 1.0309 1.3081 1.5442 1.7540 1.9453 

1.0 1.000 1.2249 1.4144 1.5810 1.7320 1.0002 1.2248 1.4142 1.5811 1.7321 

1.2 0.989 1.1752 1.3331 1.4715 1.5959 0.9874 1.1749 1.3330 1.4715 1.5959 

1.6 0.980 1.1207 1.2390 1.3427 1.4342 0.9799 1.1207 1.2390 1.3421 1.4341 

2.0 0.978 1.0926 1.1871 1.2690 1.3417 0.9780 1.0927 1.1871 1.2691 1.3418 
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Figure 1. Velocity profiles for different values of stretching parameter (m) and magnetic parameter (Mn) with Npr = 1.0, r = 
0.0 and β = 0.0 when (a) n = 0.8, (b) n = 1.0 and (c) n = 1.2. 
 
values is to decelerate the velocity and hence reduces the 
momentum boundary layer thickness. This trend is noti-
fied for all types of fluids considered here namely, shear 
thinning (Figure 1(a)), Newtonian (Figure 1(b)) and 
shear thickening fluids (Figure 1(c)). Further it is ob-
served from these Figures (1(a)-(c)) that the horizontal 
velocity profiles f 

n

0 n 

 decrease with increasing values of 
power-law index . The effect of increasing values of 
the power-law index parameter  is to reduce the hori-
zontal velocity and thereby reducing boundary layer 
thickness i.e. the thickness is much large for shear thin-
ning fluids  than that of Newtonian 

n

1  1n   
and shear thickening fluids 1 n 2  as clearly seen in 
Figures 1(a)-(c). 

The graphs for the temperature profiles     with 
  for shear thinning, Newtonian and shear thickening 
fluids for different values of non-dimensional parameters 
governing the mathematical model, are shown graphi-
cally in Figures 2-5. 

Figures 2(a)-(c) show respectively, the shear thinning, 
Newtonian and shear thickening fluids on the tempera-
ture profiles     with   for different values of ve-
locity exponent parameter  in the presence/absence 
of magnetic parameter 

 m
Mn . The effect of increasing 

values of velocity exponent parameter  is to decrease 
the temperature profile; however the effect is less in 
comparison to its effects over the flow. The graphs for 
the temperature profiles for different values of tempera-
ture exponent parameter  and velocity exponent pa-
rameter  are plotted in Figures 3(a)-(c) for shear 
thinning, Newtonian and shear thickening fluids, respec-
tively. From these figures we examine that the increase 
in the temperature exponent parameter  leads to de-
crease the temperature profiles. Physically, when  
temperature flows from the stretching sheet into the am-
bient medium, when 

m

r

r

0

m

0r 

r   the wall temperature gradi-
ent positive and the temperature flows into the stretching 
sheet from the ambient medium and when r 0  the 
thermal boundary conditions becomes isothermal. Fig-
ures 4(a)-(c) respectively, represents the temperature 
    with the space variable   for several sets of 

values of the modified Prandtl number  in the ab-
sence/presence of magnetic parameter 

Npr
Mn  for the shear 

thinning (Figure 4(a)), Newtonian (Figure 4(b)) and 
shear thickening (Figure 4(c)). From these figures we 
scrutinize that the effect of an increase in the modified 
Prandtl number  is to decrease the temperature Npr
   in the thermal boundary layer. This is because   
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Figure 2. Temperature profiles for different values of stretching parameter (m) and magnetic parameter (Mn) with Npr = 1.0, 
r = 0.0 and β = 0.0 when (a) n = 0.8, (b) n = 1.0 and (c) n = 1.2. 
 

 

Figure 3. Temperature profiles for different values of stretching parameter (m) and wall temperature parameter (r) with Npr 
= 1.0, Mn = 0.0 and β = 0.0 when (a) n = 0.8, (b) n = 1.0 and (c) n = 1.2. 
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Figure 4. Temperature profiles for different values of stretching parameter (m) and wall temperature parameter (r) with Npr 
= 1.0, Mn = 1.0 and β = 0.0 when (a) n = 0.8, (b) n = 1.0 and (c) n = 1.2. 
 

 

Figure 5. Temperature profiles for different values of Prandtl number (Npr) and magnetic parameter (Mn) with r = –1.0, m = 
0.3 and β = 0.0 when (a) n = 0.8, (b) n = 1.0 and (c) n = 1.2. – 
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usually analyzed from the numerical value of the physi-
cal parameter, namely, wall temperature gradient 

 0   which in turn helps in the computation of the 
local Nusselt number xNu . Numerical results for wall 
temperature gradient for various values of temperature 
exponent  for different non-dimensional physical pa-
rameters , , 

r
n m Mn , Npr,   are recorded in Table 3. 

It is observed that the effect of increasing the values of 
power-law index  is to increase the wall temperature 
gradient whereas reverse trend is seen with magnetic 
field parameter 

n

Mn  when 0.0  . The effect of in-
creasing values of the temperature exponent parameter 

 and the velocity exponent parameter  is to de-
crease the wall temperature gradient . This result 
has significance in industrial applications to reduce ex-
penditure on power supply in stretching the sheet just by 
increasing the magnetic field parameter 

r m
0 

Mn . Further, it 
is analyzed from Table 2 that the effect of modified 
Prandtl number  is to decrease the wall tempera-
ture gradient. In addition, the effect of increasing values 
of heat source/sink parameter 

Npr

  is to decrease the wall 
temperature gradient All results obtained here are con-
sistent with the physical situations. 

of the fact that the thermal boundary layer thickness de-
creases with an increase in the modified Prandtl number. 
This phenomenon is true even for zero/non-zero values 
of magnetic parameter Mn . The effect of increasing 
values of the magnetic parameter Mn  is to increase the 
temperature profile in the presence of velocity exponent 
parameter. The effect of internal heat source/sink pa-
rameter   on the temperature profile     with the 
space variable   for increasing values of power-law 
index namely, shear thinning , Newtonian and shear 
thickening fluids respectively are shown graphically in 
Figures 5(a)-(c). From these graphs we analyzed that the 
temperature distribution is lower throughout the bound-
ary layer for negative values of   (heat sink) and 
higher for positive values of   (heat source) as com-
pared with the temperature profile in absence of heat 
source/sink parameter i.e. 0  . Physically, 0   
implies w   i.e. there will be a supply of heat to the 
flow region from the wall. Similarly 

T T
0   implies 

w  and there will be a transfer of heat from the 
flow to the wall. The effect of increasing the value of 
heat source/ sink parameter 

T T

  is to increase the tem-
perature profile     and this is even true for shear 
thinning, Newtonian and shear thickening fluids. . 

The values of , which signifies the local 
skin-friction 

 0f 
fC , are recorded in Table 1 for different 

values of the power-law index , the velocity exponent 
parameter  and the magnetic parameter 

n
m Mn . From 

Table 2, we observe that 0f   increases monotoni-
cally with increase in the magnetic field parameter Mn  
for various values of . It is interesting to note that the 
magnitude of wall surface gradient decreases gradually 
with increasing power-law index for a fixed value of 
magnetic parameter 

n

Mn . The effect of power-law index 
on  is significant in shear thinning fluid 

 than shear thickening fluid . The effect 
of increasing the values of velocity exponent parameter 

 is to increase the magnitude of wall surface gradient 
and decreases with increasing the values of power-law 
index. This behavior is even true in the presence/absence 
of magnetic parameter. The heat transfer phenomenon is 

 0f 
1n

m

 1n  

5. Conclusions 

The problem of magneto-hydrodynamic flow and heat 
transfer of an electrically conducting non-Newtonian 
power-law fluid past a non-linearly stretching sheet is 
studied theoretically. The governing partial differential 
equations are transformed into ordinary differential equa-
tions by using an appropriate similarity transformation 
and the resulting boundary value problem is solved nu-
merically by a second order finite difference scheme. The 
effects of various governing parameters such as the pow-
er-law index , the magnetic parameter n Mn , the veloc-
ity exponent parameter  and the temperature expo-
nent parameter , the modified Prandtl number  
and the heat source/sink parameter 

m
r Npr

  on the flow and 
heat transfer characteristics were examined. The numeri-
ca l  r e su l t  f o r  t h e  sk in  f r i c t i on  i s  i n  goo d 

 
Table 2. Numerical values of skin-friction for different values of the physical parameters. 

Mn n/m –0.3 0.0 0.5 1.0 1.5 2.0 

0.8 0.942983 0.963200 0.997058 0.997058 1.030885 1.097759 

1.0 0.879165 0.907031 0.953845 1.000174 1.045467 1.089511 0.0 

1.2 0.843180 0.876711 0.932903 0.987372 1.039487 1.089221 

0.8 1.482399 1.496633 1.520448 1.544145 1.567881 1.591570 

1.0 1.333907 1.352426 1.383340 1.414214 1.444951 1.475479 1.0 

1.2 1.241431 1.262568 1.297863 1.333014 1.367828 1.402178 
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Table 3. Numerical values of wall temperature gradient for different values of the physical parameters. 

–1.0 0.0 1.0 
  Npr Mn m/r 

n = 0.8 n = 1.0 n = 1.2 n = 0.8 n = 1.0 n = 1.2 n = 0.8 n = 1.0 n = 1.2 

–0.3 0.71029 0.97395 1.19709 –0.37892 –0.32544 –0.27838 –0.90194 –0.87917 –0.85710

0 0.49127 0.56529 0.60600 –0.42309 –0.39468 –0.36799 –0.92089 –0.90703 –0.89097

0.5 0.25029 0.21035 0.17761 –0.49019 –0.49566 –0.49590 –0.95234 –0.95385 –0.94970

1.0 0.08517 0.00251 –0.06550 –0.55053 –0.58267 –0.60499 –0.98337 –1.00017 –100965

1.5 –0.04070 0.15636 –0.23661 –0.60548 –0.65961 –0.69928 –1.01382 –1.04547 –1.06802

0.0 

2.0 –1.14310 0.27871 –0.37170 –0.65611 –0.72910 –0.78328 –1.04363 –1.08951 –1.12436

–0.3 0.36914 0.45486 0.41276 –0.31216 –0.27214 –0.27755 –0.77313 –0.75517 –0.75406

0 0.28618 0.32609 0.28210 –0.34957 –0.32936 –0.34126 –0.79452 –0.78702 –0.79141

0.5 0.16293 0.14257 0.08198 –0.40976 –0.42089 –0.44923 –0.82982 –0.84106 –0.85803

1.0 0.05590 –0.0084 –0.06403 –0.46672 –0.50547 –0.53797 –0.86481 –0.89445 –0.91733

1.5 –0.03794 –0.1349 –0.21218 –0.52033 –0.58291 –0.63360 –0.89914 –0.94615 –0.98344

0.0 1.0 

1.0 

2.0 –0.12126 –0.2438 –0.33764 –0.57078 –0.65045 –0.72020 –0.93265 –0.99584 –1.04629

m Npr Mn   n = 0.8 n = 1.0 n = 1.2 n = 0.8 n = 1.0 n = 1.2 n = 0.8 n = 1.0 n = 1.2 

–0.1 0.14334 –0.00846 –0.10996 –0.50894 –0.57008 –0.61512 –0.95034 –0.98302 –1.00649

0.0 –0.04070 –0.15636 –0.23655 –0.60548 –0.65961 –0.69928 –1.01382 –1.04547 –1.068020.0 

0.1 –0.18016 –0.27484 –0.34245 –0.68780 –0.73706 –0.77331 –1.07139 –1.10208 –1.12405

–0.1 0.18494 0.04310 –0.07872 –0.38804 –0.46630 –0.53826 –0.81007 –0.86295 –0.91116

0.0 –0.03795 –0.13494 –0.21218 –0.52033 –0.58291 –0.63360 –0.89914 –0.94615 –0.98220

1.0 1.0 

1.0 

0.1 –0.19553 –0.26810 –0.33007 –0.62247 –0.67591 –0.72038 –0.97272 –1.01598 –1.05066

r   Mn m Npr = 1.0 Npr = 3.0 Npr = 5.0 

–0.3 –0.90194 –0.87917 –0.85710 –1.71272 –1.67354 –1.63774 –2.27374 –2.22227 –2.17645

0 –0.92089 –0.90703 –0.89091 –1.61585 –1.60783 –1.59630 –2.19102 –2.18043 –2.166220.0 

1.5 –1.01382 –1.04547 –1.06802 –1.81839 –1.91345 –1.98648 –2.45682 –2.57957 –2.67440

–0.3 –0.77343 –0.75517 –0.75406 –1.57350 –1.54253 –1.51292 –2.13567 –2.09573 –2.05699

0 –0.79452 –0.78702 –0.79141 –1.75162 –1.73246 –1.71253 –2.32596 –2.30141 –2.27731

1.0 0.0 

1.0 

1.5 –0.89914 –0.94615 –0.98344 –1.93985 –2.01476 –2.07253 –2.57847 –2.62952 –2.75835

 
agreement with earlier studies. Numerical results for the 
skin-friction coefficient, the local Nusselt number, the 
velocity and the temperature profiles are presented in 
graphs for several sets of values of the pertinent parame-
ters. The following conclusions are drawn from the 
computed numerical values: 
 The power-law index n  is to increase the momen-

tum boundary layer thickness and is to decrease the 
thermal boundary layer thickness for increasing 
values of power-law index namely, shear thinning, 
Newtonian and shear thickening fluids. 

 The effects of increasing values of velocity expo-

nent parameter m  is to reduce the horizontal ve-
locity and thereby reducing the momentum bound-
ary layer thickness. 

 The increasing value of magnetic parameter Mn  
results in flattering the horizontal velocity profiles 
and increase the temperature profile. 

 The increasing value of temperature exponent pa-
rameter r  is to decrease the temperature profile. 

 The effect of modified Prandtl number Npr  is to 
decrease the thermal boundary layer thickness and 
the wall temperature gradient. 

The internal heat source/sink parameter   increases 

Copyright © 2012 SciRes.                                                                                  AM 
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the temperature profile. 
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Nomenclature 

A   constant 

0B   uniform magnetic field 
b  stretching rate, positive constant 

fC
e

  skin-friction 

ij   strain tensor 
f   dimensionless stream function 
( )

k
h x  heat transfer coefficient 

  thermal conductivity 
K   consistency co efficient 
m   velocity exponent parameter 
Mn   magnetic parameter 
n   power-law index 

xNu
Npr

  Nusselt number 
 modified Prandtl number 

xNpe
q

 Peclet number 

w

p  pressure 
  local heat flux at the sheet 

Rex   local Reynolds number 
r  temperature exponent parameter 
T   fluid temperature 

 wT x
T

 temperature of the stretching sheet 



u
  ambient temperature 

  velocity in x direction 
 U x

v
 velocity of the stretching sheet 

  velocity in y-direction 

x   horizontal distance 
y   vertical distance 

sQ   temperature-dependent volumetric rate of heat 
source 

pc   specific heat at constant pressure 

Greek Symbols 

   thermal diffusivity 
   heat source/sink parameter 
c   kinematic viscosity 
   similarity variable 

ij   Kronecker delta 

0   magnetic permeability 
   Stream function 
   density 
   electrical conductivity 

xy   shear stress 
   dimensionless temperature 

Subscripts 

w   condition at the stretching sheet 
   condition at infinity 

Superscript 

'  differentiation with respect to   
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