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Abstract: In this paper, we are given a graphical presentation of the Falkner-Skan equation for the study of 

two-dimensional permeable steady boundary-layer viscous over a flat plate in the presence of Non-

Newtonian power-law fluid and it is presented by a power-law model. Similarity transformation techniques 

are used to convert the boundary layer equations into a third order nonlinear differential equation. An 

equation containing three flow parameters like m is power-law relation parameter, omega is the porous 

parameter and beta is the Stream-wise pressure gradient. We converted the third order nonlinear differential 

equation into third order linear differential equation by using Quasi -linearization techniques. Results are 

obtained for the velocity profile, viscosity profile, and skin frictions for the value of physical parameters are 

discussed in brief.  

 

Index Terms - Boundary-layer equation, Falkner-Skan equation, Quasilinearization Techniques, Similarity              

transform, Sub Domain Method, Non-Newtonian fluid, power-law fluid. 

I. INTRODUCTION 

Applications of Non-Newtonian and Newtonian fluids are very useful in an industrial and technologically. 

Air or water which is Newtonian fluids serves as a benchmark for the fluid flow behavior. However, the 

behavior of Non-Newtonian fluids is more important in the industry rather than Newtonian fluids. Non-

Newtonian fluids like oil-water emulsions, foams, gas-liquid dispersions. Acrivos et.al (1960) shows the 

thickness of boundary –layer for shear-thinning fluids is large compared to the shear-thickening fluids. Wu 

and Thomson (1996) that for moderate values of the Reynolds number, the boundary-layer equation for 

shear-thinning fluids provides an accurate solution. Andersson and Irgens (1998) show that the boundary 

layer equation predicts the finite-width of the boundary-layer for shear-thickening fluids. Results are 

obtained from Andersson and Irgens (1998) to support Filipuss et all (2001) gave rigorously mathematical 

analysis predicts the same finite-width of the boundary-layer. Denier and Dabrowiski (2004) have shown 

that these are double solution for the boundary- layer equations when a self-similar form is assumed. 

Griffiths (2017) results show that the effects of shear-thinning are to stabilize the boundary-layer flow. 

In this paper, we consider third order nonlinear ordinary differential equations with three boundary 

conditions. This third order nonlinear ordinary differential equation converted into a linear ordinary 
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differential equation by using Quasilinearization techniques. Apply the Sub Domain Method  to solve the 

third order linear differential equation. In this method, we have to consider the linear combination of the 

trail function with a constant coefficient. Then apply this method to find the constant coefficient. These 

constants put in the assumed solution and from the solution we identify the behavior of the boundary-layer 

flow of the Ostwald-de Waele fluid. 

 

 II.MATHEMATICAL FORMULATION 
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Which is the two-dimensional laminar boundary-layer flow of a viscous and incompressible fluid over flate 

through porous media with a Non-Newtonian power-law fluid. The above equation is express in the 

absence of body forces. 

  In equation (2) the parameter is defined as  is the fluid density, p is the pressure, k is the permeability of 

the porous medium and   is the deviatoric stress tensor and is given by  

 

                 = )(q                                                                                                                                                                      

(3)  Where q is the second invariant of the strain-rate tensor and  

                 the shear rate q is given  by 2
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(4)    with 

                 )( Tuuq


                                                                                                                                                        
(5) 

 

                  The constitutive viscosity relation   for the Ostwald-de Waele power-law model is given by  

                  
mqK )(                                                                                                                                                                

(6) 

 

 Where k is the material constant and m is the degree of shear thickening or shear thinning. If m=1 then it is 

called Newtonian viscosity relationship. If 1m then fluid is called dilatants or shear thickening fluids and 

1m then the fluid is called Pseudo plastic or shear-thinning fluids. Bird et al (1987) can be referred to the 

through the account of the rheological data on them. 

                Consider         2
1

222
yxxy uuvuq                                                                                                           

(7) 

In (7) ),( vuq  is called velocity vector and vu, is called the velocity components in x and y direction 

respectively. 

 

Let us consider the problem of two-dimensional incompressible and steady-state laminar boundary-layer 

flow over a wedge which moves with velocity U0w (x) in a non-Newtonian power-law fluid (2003). The 

positive x-axis is measured along the surface of the wedge with the apex as origin, and the positive y-axis 

is measured normal to the x-axis in the outward direction towards the fluid. Under these approximations 

the governing equations for the steady two- dimensional laminar viscous flow of a non-Newtonian fluid. It 

is considered we have  

http://www.ijcrt.org/


www.ijcrt.org                                                             © 2024 IJCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882 

IJCRT2403914 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org h682 
 

 

               
x

p

y

p
and

x

u

y

u


















                                                                                                                                    
(8)  Thus equation (1) and (2) written into the form of  
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               PUL ,,, are certain reference values 

 

                The Ostwald-de Waele power-law fluid is 

                Kv

U
R

nn

e




2

                                                                                                                                                      
(10)   

                                                      

In the above equation, kinematic viscosity is given by v and for a large Re the flow divides into near-field 

and far-field regions. In the boundary-layer region of the thickness of . The thickness of the boundary 

layer is given by   then L . 

               The basic approximation is 
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                It means that p in the boundary layer is a function of x only. Equations (5) may be written into 

the form of  
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(11) 

k  is said to be consistency coefficient and m is non-dimensional and the dimension of k depends on the 

value of m. 

Equations (8) can be reduced into similarity form, we assume that the boundary conditions are as given 

by below. 

 





0:

)(,0:0

Uuy

xVvuy w

                                                                                                                                                           
(12) 

kp
y

u

y

K

dx

dp

y

u
v

x

u
u

t

u
m





































1
















y

v
v

x

v
u

t

v
kp

y

u

x

K

dy

dp
m






















1

0









y

v

x

u

y

p




0

http://www.ijcrt.org/


www.ijcrt.org                                                             © 2024 IJCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882 

IJCRT2403914 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org h683 
 

 

)(0 xwU is stretching surface velocity. This stretching surface obeys the rule of power-law relation
mxUxwU  00 )( .  Velocity approaches to infinity mean velocity approaches the mainstream flow far-away 

from the wedge surface. We know that the pressure is uniform throughout the flow field from the 

Bernoulli’s equation, with  0Uu outside the boundary layer, we have 
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 Stream function ),( yx is defined as  
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 With boundary condition is given by  
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(16) 

 

The similar solution of an equation (15) can be obtained by a similarity transformation 
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Putting (17) in to (15) we get the following ordinary differential equation  
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With new boundary conditions 
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suction or injection parameter.  is positive then it is called suction and  
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If   is negative then it is called injection and if  is zero then it is called impermeable of the plate.  is 

called an adverse pressure gradient and 
)1(

)2(
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 is the permeability.  

For  0 the above problem is called Blasius flow. We solve the equation (15) and (16) by 

numerical method and first, the equation converted into Cauchy Linearization techniques and then apply 

the Petrov-Galerkin method to solve the problem numerically.      

            

III. SOLUTION BY SUB DOMAIN METHOD 

 

Consider the equation (18) and (19) is again rewritten as  
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with boundary conditions 
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The above problem is can be converted into the linear ordinary differential equation by using Cauchy 

Linearization techniques and the obtain equation is  
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With the boundary condition  
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We take   f  as before to satisfy the boundary conditions and condition given in equation (19) and take 

5 to restricted the interval [0, 5] 
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So we choose trial function like as coefficient of constant in )(1 nf  
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)(R of equation (23) integrate with the sub domain take [0,1.7] ,[1.7,3.5] and [3.5,5] of the interval 

[0,5] below equation with 
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)(1  )(2  )(3   given in (21) and (23) using in (24) integral we obtain the equation with unknown 

constants 5,4,2 ccc and .,,  .The numerical solution of an equation (18) for different parameters .,,   

have been obtained. Results for velocity profile and numerical solutions are reported. 

                                                 

Using an equation (23), integrating with ϕ1(η) ,ϕ2(η) and ϕ3(η) as in (21) over [0, 5] and using 

MATLAB   code    we obtain the constants a2, a4,and a5 and hence obtain the solutions for  various 

parameters involved in the problem and are presented in the following graphs. 
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Figure: 1 Velocity Profiles for different values of 𝛀 and for fixed values 𝛂 = 𝟎. 𝟓, 𝛃 = 𝟏, 𝐦 =

𝟎. 𝟔 

 

                                                        
 

Figure: 2 Velocity Profiles for different values of 𝛀 and for fixed values 𝛂 = 𝟎. 𝟓, 𝛃 = 𝟏, 𝐦 =

𝟏. 𝟐 

 

                                                          

Figure: 3 Velocity Profiles for different values of m and for fixed values  𝛂 = 𝟏, 𝛃 = 𝟏, 𝛀 = 𝟏. 𝟓 

 

                                                          

 

Figure: 4 Velocity Profiles for different values of m and for fixed values   𝛂 = − 𝟏, 𝛃 = 𝟏, 𝛀 =

𝟏. 𝟓 
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Figure: 5 Velocity Profiles for different values of 𝛂 and for fixed values 𝐦 = 𝟏. 𝟐, 𝛃 = 𝟏. 𝟔, 𝛀 =

𝟐. 𝟓 

 

                                                    

                 

  Figure: 6 Velocity Profiles for different values of 𝛂 and for fixed values 𝐦 = 𝟎. 𝟔 , 𝛃 = 𝟏. 𝟔, 𝛀 =

𝟐. 𝟓 

                                             

IV. RESULT AND DISCUSSION 

 

By using Sub Domain Method, the numerical and graphical presentation for the different parameter is as 

under. Figure 1 represents the velocity profiles for different values of permeability parameter   and 

6.0,1,5.0  m  and we can say that with the increasing of permeability parameter , the velocity 

profile is also increased. Figure 2 represents the velocity profiles for different values of permeability 

parameter Ω and 2.1,1,5.0  m  and shows that with the increasing of permeability parameter , the 

velocity profile is also increased.  

This means that for dilatants fluids and pseudo-plastic fluid, the velocity profile is increase with the 

increase of permeability parameter . 

Figure and table 3 and 4 are display the velocity profiles for different values of m and for fixed values of 
5.1,1,1    and values of 5.1,1,1   respectively which indicates that the velocity profiles is 

decreased with the increase of m. This means that from the table and figure No. 3.3.3 and 3.3.4 we can say 

that for the suction/ injection , the velocity profile decreased. 

Figure and Table 5 and 6 are display the velocity Profiles for different values of   and for fixed values 
5.2,6.1,2.1  m  and 5.2,6.1,6.0  m  respectively, which indicates that with the increase of the 

parameter , the velocity profile increased. 
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IV. CONCLUSION 

 

Figures 1, 2 show the variation of velocity profile as a function of   for different values of permeability 

parameter. There have been simulated using the Sub Domain Method that is described in section 3. It is 

observed that the thickness of the boundary layer thickness is increases for increasing permeability. It is 

also very clear that from the boundary layer shear-thickening when 1m  i.e. for dilatants fluids and when 

1m the boundary layer shear-thinning i.e. for pseudo-plastic fluids for fixed values of m,, . Same 

scenario was observed in figure-5 and 6 for fixed values of ,, m . The figure-3 and 4, indicates the 

variation of velocity profile as a function of    and it is clear that for fixed ,,   the boundary layer 

decrease as an increase in m. 
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