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Abstract 

 
In this paper, we explore the problem of the Falkner-Skan boundary layer 

flow past a wedge considering the velocity slip condition. The governing partial 

differential equation is transformed into an ordinary differential equation using 

one-point of transformation. The numerical results of the resulting ordinary 

system are obtained using an implicit finite difference under Matlab software. The 

effect of the slip parameter on the flow is discussed. A comparison with published 

results is presented.  
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1. Introduction 
 

The boundary layer theory distinctly elucidates the steady-state flow in 

excess of a flat plate at zero occurrence angle which is recognized as Blasius flow. 

A broad transformation enthused by Meksyn (1961) permits us to convert the 

Prndtl equation into the Falkner-Skan equation. Since its name proposes, The 

Falkner–Skan equation was offered by Falkner and Skan.As its name offers, The 

Falkner–Skan equation was presented by Falkner and Skan. Falkner and Skan 

(1931) developed a study aboutviscous fluid submerged the flow in excess of a 

static wedge. They expanded a similarity transformation that can be utilized to 

reduce the limited differential boundary layer equations to a nonlinear third-order 

normal differential equation and after that explained it arithmetically. A large 

amount of literature on this subject has been referred to in the books by different 

researchers such as  Schlichting and Gersten (2000), and Leal (2007) as well as in 

the essays and articles by Ishak et al. (2007) and Postelnicu and Pop (2011). 

Alizadeh et al. (2009) solved the boundary layer equations of the laminar flow 

within wedge with different angles from zero (flat plate at zero incidence) to 180
o 

(two dimensional stagnation flow). Rahman and Eltayeb (2010) studied 

convective slip flow of slightly rarefied fluids over a wedge with thermal jump 

and temperature coming to the result that when the wedge angle parameter 

increases, the growth of the hydrodynamic and thermal boundary layer 

thicknesses decreases. Hayat et al. (2007) investigated the impact of the slip 

condition on flows of an Oldroyd 6-constant fluid, finding that velocity increases 

as the slip coefficient in Poiseuille flow goes up. Broniarz-Press and Pralat (2009) 

studied the correlation between the non-Newtonian fluids rheological behavior 

and thermal conductivity taking shear rate effect into account. They demonstrated 

that thermal conductivity of polymer’s aqueous solutions of shear-thinning 

properties at constant temperature increased linearly with shear rate. Abel et al. 

(2009) did a research on the flow of a power-law fluid due to a linearly stretching 

sheet and heat transfer characteristics via using variable thermal conductivity. 

They revealed that the variable thermal conductivity parameter ε increases the 

magnitude of temperature in prescribed power-law surface temperature (PST) 

case and decreases in prescribed power-law heat flux (PHF) case. The wall 

temperature in the PHF case pivots on the value of ε, showing steepening effect 

for not-so-small values of ε. The present paper is going to take the problem of 

Falkner-Skan boundary layer flow over a static wedge into consideration. The 

study will also investigate the effect of slip condition and variable thermal 

conductivity. In addition, the similarity representation of the problem as well as 

the numerical results is presented to show the effects of the influence parameters. 
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2. Problem formulations 
 

Consider a steady two-dimensional Falkner-Skan boundary layer flow past 

a static wedge. The physical model and geometrical coordinates are depicted in 

Fig.1. We consider the effects of slip condition, further, it is assumed that the 

velocity of the free streamis �� � ����.We consider a Cartesian coordinate 

system		�, ��, where � and � are the coordinates measured along the surface of 

the wedge and normal to it, respectively. Under the above conditions, the partial 

differential equations governing the problem and the corresponding boundary 

conditions are: 

 
	�
� � �

� � 0                                                                                                           (1) 

 

� �
� � � �� � �� ����� � � 

��
��                                                                                 (2)                 

 

subject to the boundary conditions, 

 

� � 0, � � ��	��� �� , � � 0, � → ∞, � → ��	��                                           (3) 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Fig.1. the physical model and the coordinate system 

 

 

Here � and �	are the velocity components along the�, � axes, � is the fluid 

density, � is the kinematic viscosity, �� the slip parameter. 

 

We now introduce the following relations for u and v as follows: 

� � �
� , � � � �

�                                                                                                  (4) 

 

� 

� � 

� 

Ω
� !"�� 

��	�� 
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where # is the stream function, then equation (1) holds and equation (2) 

transforms to the following equation: 

 

#�#�� � #�#�� � �$ %�$%� � �#���                                                                            (5) 

 

and the boundary conditions (3) become, 

 

� � 0, #� � ���#��, #� � 0, � → ∞, #� � ��	��                                        (6) 

To transform equation (5) to an ordinary differential equation, we introduce the 

following scaling transformations [9], 

 

�∗ � '()*�, �∗ � '()��, #∗'()+#                                                                        (7) 
 

Where,’s are constants.Therefore, equation (5) will remains invariant under the 

group of transformations (7) if, 

 

,- � �
- 	1 � /�,�, ,0 � �

- 	1 � /�,�                                                                    (8) 

 

The characteristic equations are, 

 
��
)*� �

��
*
�	�1��)*�

� ��
*
�	�2��)*�

                                                                                  (9) 

 

Solving the above equations we get the following similarity transformations, 

 

3 � �*45� �, # � �*65� 7	3�                                                                                            (10) 

 

Substituting from (10) into (5) and (6), we get, 

 

�7888 � �2�
- 7788 �/	78�- �/��- � 0                                                                        (11) 

 

Where prime is the derivative with respect to3.The boundary conditions become, 

 

7	0� � 0, 78	0� � ���	���	�2�� -⁄ 788	0�, 78	∞� → ��                                       (12) 

 

We introduce the following dimensionless independent variable 

 

3: � ;<=	�2��-> 3                                                                                                   (13) 

Also, form of the boundary condition ��	�� � √-	@
A><=	�2���56*, where � is the 

constant velocity slip parameter. Then using (13), equation (11) become, 
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7888 � 7788 � -�
�2� B1 � 	78�-C � 0                                                                      (14) 

 

and the corresponding boundary conditions (12) become, 

 

7	0� � 0, 78	0� � �788	0�, 78	∞� � 1                          (15) 
 

 

3. Numerical Method for the Solution 
 

The nonlinear differential equation (14) under the boundary conditions 

(15) has been solved numerically by applying a standard initial value solver 

“bvp4c” [13], a shooting method together with the fourth order Runge-Kutta 

integration scheme. We have chosen a step-size∆3 � 0.01to satisfy the 

convergence criterion of 101F in all cases. In order to validate the method, a 

comparison with available steady state results of Yacob in 2011 [14], for local 

skin friction coefficient is made in Table 1, and found in excellent agreement. 
 

 

3.1. Algorithm 
 

1. Begin: 

1.1 Set infinity to 3; 

 1.2 Set maxinfinity to 6; 

1.3 Get  /; 

2. For  G � 	1 to 3 

  2.1 Get �; 

2.2 Calculating 7′′′ � 77′′ � 2/
/�1 K1 � L7′M

2N � 0for /. 

2.3 Calculating7	0� � 0, 78	0� � �788	0�, 78	∞� � 1 for	�.  

2.4 Calculating	7, 3from output of “bvp4c” function by applying 

the nonlinear differential equation under boundary conditions. 

2.5 Print7 

3. For O � infinity + 1 to maxinfinity 

3.1 Calculating 7′′′ � 77′′ � 2/
/�1 K1 � L7′M

2N � 0for /. 

3.2 Calculating7	0� � 0, 78	0� � �788	0�, 78	∞� � 1 for	�.  

3.3 Calculating 7, 3from output of “bvp4c” function by applying 

the nonlinear differential equations under boundary conditions. 

ENDFOR 

4. Draw 	3, 7� 
ENDFOR 

5. Print 3 

6. Print 7 

END 
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4. Results and discussions 
 

The transformed equation (14) with boundary conditions (15) is solved 

numerically by using an implicit finite difference method. Table 2 shows that the wall 

velocity increases with an increase in/and �.Furthermore,it shows that the wall 

share stress increases with / while it decreases with �. The comparison of the 

wall shear stress when � � 0 and the different values of /together with that were 

published by Yacob in 2011 [14], is presented in Table1. It can be seen that there 

is an excellent agreement between the present results and the available data.The 

effect of the power law parameter / on the velocity profiles are shown in Fig.2for 

� � 1. It is noticed that the velocity increases with an increase in /. While from 

Fig.3, when � � �1 one can see that near the boundary the behavior of the 

velocity with / is opposite, but far away from the boundary there is the same behavior 

as/. Figures 4 and 5 present the effect of the slip parameter � on the velocity 

profiles when / � 0.5. The dimensionless velocity increases with the increase 

in�. 

 

5. Conclusions 
 

Using scaling transformations, the partial differential equation governs the 

problem.The effect of the velocity slip on the Falkner-Skan boundary layer flow 

past a wedge has transformed it into an ordinary differential equation. Further, 

using finite difference method, the numerical results of the ordinary differential 

equation are obtained, which show the velocity increases with the increase of the 

slip parameter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Effects of / on the velocity when �	 � 	1 
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Fig.2. Effects of / on the velocity when �	 � 	�1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Effects of  �		� Q 0� on the velocity, when /	 � 	0.5 
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Fig.4. Effects of  �		� R 0� on the velocity, when /	 � 	0.5 

 

 

 

 

 

Present results Eycob (2011) / 
0.46960007 0.4696 0 

0.65499372  0.6550 1/11 

0.80212560  0.8021 0.2 

0.92768004  0.9277 1/3 

1.03890348  1.0389 0.5 

1.23258764  1.2326 1  

 

 

 

Table.1.Values of 788	0� for various values of / when �	 � 	0 
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788	0� 78	0� � / 
0.7674072052 0.0767407205 0.1 

 

0.2 

0.6605857204 0.2642342882 0.4 

0.5676716367 0.3973701457 0.7 

0.4929949612 0.4929949612 1 

0.9720832067 0.0972083207 0.1 

 

0.5 

0.7910242584 0.3164097033 0.4 

0.6539243866 0.4577470706 0.7 

0.5531097083 0.5531097083 1 

1.0836087909 0.1083608791 0.1 

 

0.8 

0.8572991742 0.3429196697 0.4 

0.6958062472 0.4870643731 0.7 

0.5814728292 0.5814728292 1 

1.2187583709 0.1218758371 0.1 

 

1.5 

0.9333447747 0.3733379099 0.4 

0.7422865856 0.5196006099 0.7 

0.6123133420 0.6123133420 1 

 

 

Table.2. Values of velocity profiles, shear stress coefficient  

for different values /,� 
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