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Abstract— This paper deals with unsteady, laminar MHD 

incompressible boundary layer flow over a flat plate with leading 

edge accretion or ablation. It is found that the application of 

transverse magnetic field can greatly nullify the instability in the 

laminar flow, due to these leading edge disturbances. 

 

   Index Terms— MHD, Laminar boundary layer, Leading edge 

accretion or ablation, Flat plate.  
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I. INTRODUCTION 

 

T is well known that the fluid motion pattern and boundary 

layer separation are  severely influenced by unsteady 

boundary layer owing to extra time-dependent term in the 

momentum equation[1-3]. The typical examples of unsteady 

boundary layers in the history of fluid mechanics are the 

Rayleigh problem and Stokes oscillating plate [2-3]. Two 

dimensional unsteady boundary layers have been studied by 

many researchers for different unsteady free stream velocity 

and flow configuration as discussed in these references and the 

references therein [4-6]. Similarity transformation technique 

played a significant role in solving the unsteady boundary 

layer problem by transforming a partial differential equation 

(PDE) into an ordinary differential equation (ODE) in most 

studies. An interesting and new unsteady state boundary layer 

problem was proposed by Todd [7], where the laminar 

momentum boundary layer flow over a flat plate entailing the  

moving leading edge with a certain rate of accretion or 

ablation,  has been analyzed. 

 

In the present work, the laminar momentum boundary layer of 

this flow pattern, in the presence of an applied magnetic field, 

is undertaken as magneto-hydrodynamic flows are considered 

to be important in many geothermal, technological and 

engineering applications. Indeed, flow characteristics of such 

an unsteady, MHD laminar boundary layer play a significant  
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role in many engineering and technological problems like 

start-up process and periodic fluid motion. 

II. MATHEMATICAL FORMULATION 

 

Consider two-dimensional laminar incompressible flow over a 

flat plate with leading edge accretion or ablation. The free 

stream velocity is U . The x-axis runs along the free stream 

direction and the y-axis is perpendicular to it. A transverse 

magnetic field of strength 0B  is applied in y direction 

normal to the plate with the assumption that the magnetic 

Reynolds number is small, so that the induced magnetic field 

can be neglected as compared to the applied magnetic field. 

Hence, the applied magnetic field contributes only to the 

Lorentz force which acts in the x - direction. The governing 

equations for the laminar momentum boundary layer of this 

problem are given by [2] 
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with boundary  conditions   

 Uxuxvxu ),(,0)0,(,0)0,(                           (3)                       

where u  and v
 
are velocity components in the x  and y   

direction, respectively, t  is the time variable, ,   and  ,  

respectively, denote  kinematic viscosity, thermal diffusivity  

and density.  

By choosing a stream function  

)()/)((sin)(cos),,(  fUvxvtUtyx  
  

along with a similarity variable  

 ,)/)((sin)(cos/  Uvxvty 
 

which is also called 

Blasius-Rayleigh-Stokes variable by Todd [7], the continuity 

equation (1) is automatically satisfied and the  Eqn. (2)  can be 

transformed  into a similarity equation as 
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along with  the associated boundary conditions       

1)(,0)0(,0)0(  fff                                      (5)                                                                                           

where
 


 
is the leading edge accretion or ablation parameter, 

and the prime denotes differentiation with respect to .
 
Based 

on these definitions, the velocity can be shown as  

 

and)(' fUu 
 

)/)((sin)(cos/))(sin)(2/( '

 Uvxvtffvv  . 

 

Equation (4) with the boundary condition (5) will be solved by 

using an implicit finite difference scheme as described in [8] to 

determine the velocity field   fF   and skin-friction 

parameter  )0(f   under boundary conditions (5). 

III. RESULTS AND DISCUSSION 

 

In the absence of magnetic field ( 0M ), the laminar 

momentum boundary layers have been discussed extensively 

by Todd [7] and the  present results of )0(f  , in the absence 

of magnetic field ( 0M ), are in good agreement with those 

of [7], where Eqn. (4) has solution only when 

434    
[See Fig.1]. In fact, in the absence of  

magnetic field  0M , when 20   , there is a leading 

edge accretion with a rate of cotU , namely the leading 

edge disturbances progressing upstream; when 

,2 0  where 0

0 105 , there is a leading edge 

ablation with a rate of cotU ; when  ,04    

there is a “backward” boundary layer with trailing edge 
accretion.  At the critical points 0 and 2 , the results are 

corresponding to the well known Rayleigh-Stokes problem and 

Blasius flat plate boundary layers, respectively. 

 

It is also seen in Fig. 1 that there are two solutions for Eqn. 

(4) in small range viz., when 
02  

, 
revealing  the 

chaotic behavior in the flow. However, flow becomes stable 

with the application of the transverse magnetic field.  Indeed, 

skin friction parameter  )0(f   decreases smoothly passing 

over the critical points viz., 0 and 2 , and finally 

vanishes, authenticating the stability of  the flow. This can be 

attributed to the fact that in the presence of the transverse 

magnetic field  0M , the Lorentz force produces more 

resistance to the transport phenomena and thereby nullifies the 

effect of the leading edge accretion/ablation. The laminar 

momentum boundary layer thus becomes stable. 
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          Fig 1: The solution domain of the skin friction 

                     parameter  )0(f   

 

The unsteady velocity field [ F ] shown in Fig.2 reveals that 

varying leading edge accretion/ablation parameter can greatly 

change the velocity distribution and momentum transfer near 

the wall. And at the same time, the effect of transverse 

magnetic field  0M , is clearly visible in establishing the 

velocity profiles to smoothly sail over to far away asymptotic 

boundary conditions.   
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        Fig 2: Velocity profile for various of  when          

                   M = 0.0 and M = 0.25 

IV. CONCLUSION 

In this paper, the unsteady laminar boundary layer over a semi-

infinite flat plate under the influence of transverse magnetic 

field is analyzed. It is observed that the leading edge accretion 

or ablation parameter is found to affect the laminar momentum 

boundary layer extensively, in absence of the magnetic field. 

ACKNOWLEDGMENT 

The author expresses his heartfelt thanks to the Principal and 

the Management of P. E. S. College of Engineering, Mandya - 

571401 for encouragement in his research activities. 

  

 



INTERNATIONAL JOURNAL OF MATHEMATICS AND SCIENTIFIC COMPUTING (ISSN: 2231-5330), VOL. 2, NO. 2, 2012 

 
12 

REFERENCES 

[1] F.T. Smith, “Steady and unsteady boundary layer separation”, Ann. Rev. 

Fluid Mech., vol. 18, pp. 197-220, 1986. 

[2] F.M. White, Viscous Fluid Flow, Second Ed., McGraw-Hill, NY, 1991. 

[3] H. Schlichting and  K. Gersten, Boundary Layer Theory, Eighth revised 

and enlarged ed. (English), Springer, New York, 2000. 

[4] D.K. Ludlow, P.A. Clarkson and A.P. Bassom, “New similarity 

solutions of the unsteady incompressible boundary layer equations”, 

Q.J. Mech. Appl. Math., vol. 53, no. 2, pp. 175-206, 2000. 

[5] P.H. Ma, W.H. Hui, Similarity solutions of the two dimensional 

unsteady boundary layer equations, J. Fluid Mech., vol. 206, pp. 537-

559, 1990. 

[6] K.T. Yang, “Unsteady laminar boundary layer in an incompressible 

stagnation flow”, Trans. ASME: J. Appl. Mech., vol. 25 pp. 421-427, 

1958. 

[7] L. Todd, “A family of laminar boundary layers along a semi-infinite flat 

plate”, Fluid Dyn. Res., vol. 19, pp. 235-249, 1997. 

[8] T.Y. Na, Computational Methods in Engineering Boundary Value 

Problems, Academic Press, London, 1979. 

 


