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Abstract:   The aim of this article is to examine nano boundary layer. The equations 
governing the flow on wedge are derived from continuity and Navier-Stoks equations. 
The boundary conditions for the governing equations are obtained from the nonlinear 
Navier slip condition. This boundary condition contains an arbitrary index parameter, 
denoted by n > 0, which appears in the coefficients of the ordinary differential equation 
to be solved. The coupled equations are transformed into one differential equation by 
similarity solution. The transformed equation is then solved by He’s Homotopy 
perturbation method and an analytical solution will be achieved. The validity of results 
is verified by comparing results with existing numerical results. Results are presented 
for the x and y components of the velocity profiles. Results are in reasonable agreement 
with those provided by other numerical methods and demonstrate a good accuracy of 
the obtained analytical solutions. 
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1. INTRODUCTION 
 
In classical boundary layer theory, the condition of no-slip near solid walls is usually 

applied. Investigations show that the no-slip condition is no longer valid at the nano 
scale. Instead, a certain degree of tangential slip must be allowed .To describe the 
phenomenon of slip, Navier [1] introduced a boundary condition which states the 
component of the fluid velocity tangential to the boundary walls is proportional to the 
tangential stress. The linear Navier condition was first used for nano boundary layer by 
M.T.Matthews and J.M. Hill [2]. They used similarity solutions to produce one ordinary 
differential equation and then solved it with numerical methods. In numerical methods, 
stability and convergence should be considered to avoid divergence or inappropriate 
results. It’s often so hard to gain an analytical solution for these kinds of problems 
which include nonlinear terms. In recent decades, analytical solutions have developed 
for nonlinear differential equations. One of these methods is Homotopy perturbation 
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method, (HPM). The Homotopy perturbation method (HPM) was introduced by Ji-Huan 
He [3, 6] for the first time.  This method has been used by many authors such as Ganji 
in [7-10]. These papers are published to handle a wide variety of scientific and 
engineering applications such as: linear and nonlinear, homogeneous and 
inhomogeneous as well, because this method continuously deform a difficult problem 
into a simpler form, which is solvable. It's been shown by many authors that these 
methods provide improvements over existing numerical techniques. These methods give 
successive approximations of high accuracy of solutions. The aim of this paper is to 
analytically study the nano boundary flow on a wedge. The results are compared with 
numerical outcomes presented in pervious works. However, an analytical expression is 
more convenient for engineering calculation and is also the obvious starting step point 
for a better understanding.         
 

2. MATHEMATICAL MODEL 
 
  In this paper, we shall study two-dimensional laminar flow on a wedge at nano scale. 
The governing equations are continuity and Navier Stoks equations[2] 
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Here, x and y, are the dimensionless Cartesian coordinates, u and v are the 
dimensionless velocity components along x and y axes, the constant is the 
dimensionless slip length and U is a given external dimensionless inviscid velocity. The 
dimensionless parameters are scaled by L, R andU  as following definitions [3], 
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where, ( ), are dimensional values of parameters and R is 
Reynolds number and U  is the free stream velocity. The relationship between the 

wedge angle factor  β  (Fig. 1) and the exponent m  is 
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analysis, Matthews and Hill [2], introduced the similarity transformation 
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and the stream function ( )f η   defined by 
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The relationship between m an n is 
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where .With these 

transformations, (1) and (2) can be written as 
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The boundary conditions depend on the value of n. For the boundary conditions 
are  

2/3n ≠
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    f a′ →      as  . η → ∞ (10)
 We applied HPM on (8) with boundary conditions (9) and (10) to achieve an analytical 
solution. 
   

3. APPLICATION OF HOMOTOPY PERTURBATION METHOD 
 
  According to HPM, we can construct homotopy of (9) as follows 
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Substituting 2
0 1 2 ...f f Pf P f= + + +  and g0=0 into (11) and rearranging the resultant 

equation based on powers of p-terms, we have: 
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( )f η  can be obtained by solving the (12) to (15). In the same manner, the rest of 
components were obtained using the maple package.  
 

4. RESULTS AND DISCUSSION 
 

     The procedure that this paper adopted in the current investigation of the nano 
boundary layer problem on a wedge can be described as follows: 
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  By using similarity solution the coupled differential equations, (1) and (2), are reduced 
to (8). Equation (8) with the boundary conditions, (9), is solved by using HPM. In the 
reference [2], (8) for n>1, is solved by numerical method but using Homotopy 
perturbation method, we could produce analytical solution. 

a b 
Fig. 2: Comparison between the FDM in reference [2] and HPM solutions for a: u/U 

and b: x(2n-1)/(3n-2)v/U  with n=2 and various values of l  
 

a b 
Fig. 3: Comparison between the FDM in reference [2] and HPM solutions for a: u/U 

and b: x(2n-1)/(3n-2)v/U  with l=0.5 and various values of n  
 

 
5. CONCLUSION 

 
      In this paper, we successfully applied homotopy perturbation method to solve a 
nonlinear differential equation with given boundary conditions for a nano boundary 
layer and showed the graphical results of x and y components of the velocity. Results 
were compared with numerical solution available in the literature using FDM and a very 
good agreement was observed.  
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It is found that for fixed slip length the velocity components are reduced in magnitude 
as n increases, while for fixed n the velocity components are increased in magnitude as 
the slip length is increased. Also Fig. (3) show that the velocity components are 
increased in magnitude as the wage angle is increased.  Outcomes prove the 
effectiveness and accuracy of HPM. The key-factor of this paper is based on 
analytically solving nano boundary layer problems.   
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