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Abstract 

This paper is a theoretical and numerical contribution to the investigation of steady two-dimensional 

magnetohydrodynamic (MHD) boundary layer flow of incompressible, electrically conducting nanofluid 

past a semi-infinite, flat plate in the presence of thermal radiation. The model considers a combination of 

the effects of an applied transverse magnetic field, radiative heat transfer, Brownian movement, and 

thermophoresis on the properties of momentum, heat, and mass transfer. Appropriate similarity 

transformations are made on the governing nonlinear partial differential equations to reduce them to a 

coupled system of nonlinear ordinary differential equations. The resultant problem of the boundary value 

is then resolved numerically as per the Bernoulli wavelet collocation method (BWCM). The validity of the 

proposed method is tested on the comparison with solutions found on the NDSolve routine of Mathematica 

and Haar wavelet method, and excellent agreement is achieved. A close parametric analysis shows that the 

magnetic fields play a significant role in suppressing the velocity of fluids and the effects of thermal 

radiation and nanoparticles amplify the thermal and concentration boundary layers. It is also noted that skin 

friction coefficient does not depend on change in Prandtl number, Brownian motion parameter, 

thermophoresis parameter, radiation parameter and Lewis number. 
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Introduction 

 

 

In the past years, nanofluids, a suspension of nanoscale particles in traditional base fluids, have been 

investigated widely because of their high thermal conductivity and superior heat transfer properties [5]. 

The presence of nanoparticles changes the thermal and mass diffusion behaviour of the fluid. Within the 

field of nanofluids, Brownian motion and thermophoresis are known to be two of the major mechanisms 

that control the movements of nanoparticles. Brownian motion helps improve the diffusion of nanoparticles 

while thermophoresis makes particles migrate when there is a temperature gradient. 

From the mathematical point of view, the boundary layer flows with magnetic field, thermal radiation and 

nanofluid effects are controlled by strongly nonlinear and coupled differential equations. Closed form 

analytical solutions are rarely possible, so numerical and semi-analytical techniques are indispensable [6]. 

Wavelet based numerical methods have become effective tools for solving nonlinear differential equations 

because of their flexibility, fast convergence and high accuracy. Among these the Bernoulli wavelet 

collocation method has shown great potential in solving nonlinear boundary value problems encountered 

in fluid dynamics and heat transfer [7]. 
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Physical Model and Assumptions 

 

 

For clarity, the key physical assumptions and flow characteristics adopted in the present study are 

summarized in Table 1 [10]. 

Table 1: Summary of Physical Model and Assumptions 

Sl. No. Aspect Description 

1 Flow nature 
 

2 Fluid type 
 

3 Geometry Semi-infinite flat plate 
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4 Magnetic field Uniform transverse magnetic field B0 

5 Magnetic effects 

 

6 Thermal effects Thermal radiation modeled using Rosseland approximation 

7 Dissipation effects Viscous dissipation and Joule heating neglected 

8 Nanofluid model Buongiorno model with Brownian motion and thermophoresis 

9 Surface conditions 
 

10 Free-stream conditions Uniform temperature T∞ and concentration C∞ 

Mathematical Formulation 

 

 

 

 

 

 

The nanoparticle concentration equation, accounting for Brownian diffusion and thermophoretic effects 

[13, 14], is expressed as 

 

 

mailto:editor@ijermt.org
http://www.ijermt.org/


  
International Journal of Engineering Research & Management Technology                     ISSN: 2348-4039 

Email:editor@ijermt.org                          May-June-2019 Volume 6, Issue-3                  www.ijermt.org 

 

Copyright@ijermt.org                                                                                                                                Page 234 

 

Similarity Transformation 

 

 

 

The dimensionless temperature and nanoparticle concentration are introduced as 

 

 

The transformed momentum equation takes the form 

 

 

 

The transformed nanoparticle concentration equation is expressed as 

 

The corresponding boundary conditions in terms of the similarity variables are written as 
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Numerical Method: Bernoulli Wavelet Collocation Method 

smoothness, and rapid convergence, making them suitable for solving nonlinear boundary value problems 

[18]. 

Let the unknown function g(η) represent any of the dependent variables f(η), θ(η), or ϕ(η). It is 

approximated as 

 

where Bi(η) denotes the Bernoulli wavelet basis functions and ai are unknown coefficients to be 

determined. 

Substituting these approximations in the governing equations (8) - (10) and letting the resulting residuals 

disappear at selected collocation points leads to a system of nonlinear algebraic equations in terms of the 

unknown coefficients ai. This algebraic system is solved iteratively by some suitable numerical solver until 

the convergence criterion is satisfied. The convergence is monitored by ensuring that successive iterations 

are less than prescribed tolerance [19]. 

To check the accuracy and reliability of Bernoulli wavelet collocation method the numerical results 

obtained is compared with the solutions generated using NDSolve command in Mathematica and Haar 

wavelet method [20]. The good agreement between these solutions establishes the validity, numerical 

stability and high accuracy of the proposed method for the present magnetohydrodynamic boundary layer 

problem. 

Results and Discussion 
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Conclusion 

 

magnetic effects on the surface shear behavior. The results represent a step further in the understanding of 

coupled MHD, thermal and mass transfer phenomena and an efficient and robust numerical methodology, 

the Bernoulli wavelet collocation method, to analyze complex boundary layer flows which are relevant for 

advanced thermal and engineering applications. 
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