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ABASTRACT: This paper deals with the unsteady boundary layer flow and heat transfer of an incompressible, viscous 

electrically conducting fluid over a continuous porous moving horizontal non-conducting surface in porous medium in 

the presence of an oscillating free stream, Ohmic dissipation and volumetric rate of heat generation (or absorption). 

Transverse magnetic field of uniform strength is applied, neglecting induced magnetic field in comparison to the applied 

magnetic field. Perturbation method is applied to obtain the expression for velocity and temperature. The effects of 

pertinent parameters on velocity and temperature distributions are shown through figures. The expressions of skin 

friction coefficient and rate of heat transfer in terms of the Nusselt number at the surface are derived, discussed 

numerically and their numerical values for various values of physical parameters are presented.  

I. Introduction 

The study of heat transfer processes in porous media is a well developed field of investigation because 

of its importance in a variety of situations occurring in geothermal systems, micro-electronic heat transfer 

equipment, thermal insulation, and thermo acoustic  engines which can  provide cooling  or  heating using 

environmentally benign gases as the working fluid.  In recent years, studies of  heat  transfer  and  flow of  

electrically conducting viscous fluids through  a porous  medium  in  the presence  of a magnetic  field have 

attracted considerable attention. Raptis and Konfousias studied Magneto hydrodynamic free convective flow 

and mass transfer through a porous medium bounded by an infinite vertical porous plate with constant heat 

flux. Singh and Singh investigated MHD flow and heat transfer of a dusty visco-elastic liquid down an inclined 

channel in porous medium. Chakraborty and Borkakathi have analyzed the MHD flow and heat transfer of a 

dusty visco-elastic fluid down an inclined channel in porous medium. Krishna et al have studied the Hydro 

magnetic convection flow through a porous medium in a rotating channel. Sahoo et al have discussed 

hydromagnetic unsteady free convective flow past an infinite vertical plate with constant suction and heat 

sink. Sharma et al have investigated the unsteady MHD Flow and heat transfer over a continuous porous 

moving horizontal surface in the presence of an oscillating free stream and heat source. Ahmed and Ahmed 

have investigated two dimensional MHD oscillatory flows along a uniformly moving infinite vertical porous 

plate bounded by porous medium. Heat Source effects on MHD flow past an exponentially accelerated vertical 

plate with variable temperature through a porous medium was studied by Rajesh and Varma. 

Aim of the present paper is to investigate the unsteady boundary layer flow and heat transfer of an 

incompressible, viscous electrically conducting fluid over a continuous porous moving horizontal non-

conducting surface in porous medium in the presence of an oscillating free stream, Ohmic dissipation and 

volumetric rate of heat generation (or absorption). 
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II. Formulation of the Problem 

Consider unsteady flow and heat transfer of an incompressible  viscous electrically  conducting  fluid 

over a continuous porous  moving  horizontal  non conduction  surface  in porous  medium  in  the  presence  

of  an  oscillating  free stream, Ohmic dissipation  and volumetric rate of heat generation(or absorption). The 

x* –axis is taken along the surface in flow direction and y* -axis is normal to the surface. Transverse magnetic 

field · Bo (constant) is applied and induced magnetic field in comparison to the applied magnetic field is 

neglected. 

 

The governing equations of continuity, motion and energy are 

 

        (1)           

                                                                                         

 

              (2) 

                 

 

            (3) 

 

Where   u* is the fluid .velocity component along x* - axis. 

T* the fluid temperature, t* the time, V0 the cross flow velocity, p the density, Cr, the specific heat at 

constant pressure, k the thermal conductivity, B0 the applied magnetic field, Q the volumetric rate of heat 

generation (or absorption), σ the electrical  conductivity  of the medium  and U(t*) the free stream. 

The boundary conditions are y* = 0:  u• = Uw.T• = Tw 

             (4) 

 

Where Uω is the surface velocity, Tω the surface temperature, Tω the free stream temperature and ω the 

frequency. 

 

III. Method of Solution 

Introducing the following non-dimensional quantities: 

  

 

Into the equations (2) and (3), we get 
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Where M is the Hartmann number, α the heat generation (or absorption)   parameter,  Pr the 

Prandtl number and Ee the Eckert number. 

The corresponding boundary conditions in non-dimensional form are: 

   

Assuming 

  

 Now, using (9) into equations (6) and (7) and equating the coefficients of O(s), 

We get:  

Zeroth-Order Equations 

 

   

Here, the prime denotes differentiation w.r.t. to y. 

The corresponding boundary conditions are reduced to 

 

The zeroth- order and first-order equations correspond to steady flow and unsteady flow respectively.   

The equations (10) to (13) are ordinary linear second-order differential equations with the boundary conditions 

(14).  The solutions of u0 (y), u1(y), θ0(y) and θ1(y) are given by 
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Finally, the expression of velocity and temperature distributions is obtained respectively in the 

following form: 

 

Skin-friction 

The coefficient of skin-friction at the surface is given by: 

 

Hence, the skin-friction coefficient is obtained in the form: 

 

Nusselt Number:  

The rate of heat transfer in terms of Nusselt number at the surface is given by 

 

Hence, the expression of the Nusselt number is reduced to 

 

 

IV. Results and Discussion 

Velocity profile for different values of M: It is observed that there is decrease in velocity of the fluid with the 

increase in Hartmann number M from M=O.5 to 2 and decreases with increase in y. 

Velocity profile of different values of p: For a large value of y for values of relative velocity parameter p = 

0 to 4 it can be seen as expected the velocity is almost constant which is obvious after a large distance from 

the boundary. 

Temperature profile for different values of β: It is seen from the figure that the fluid temperature   is 

increasing with the increase   in relative velocity parameter β 
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Temperature profile for different values of Pr: It is found that with the increase in Prandtl number Pr the 

temperature distribution decreases. 

Temperature profile for different values of Ee: It is seen with the increase of Eckert number Ee there is 

increase in temperature of the fluid. 

Temperature profile for different values of α: It is observed that there is increase in temperature with the 

increase of heat generation (or absorption) parameter α. 

 

 Table-1 depicts that the skin-friction coefficient at the surface decreases due to increase in the 

Hartmann number, relative velocity parameter and phase angle, while more value of skin-friction is observed 

when the surface is at rest and physical parameters are kept fixed. It is seen from. 

 

 Table-2 that the, Nusselt number at the surface increases with the increase in the Prandtl number, 

while it decreases due to increase in the Hartmann number, the Eckert number, frequency, phase angle and 

heat generation parameter. Values of skin-friction coefficient at the surface when ɛ= 0.25 and Da-1= 0.01 

http://www.jetir.org/


© 2018 JETIR August 2018, Volume 5, Issue 8                                                          www.jetir.org (ISSN-2349-5162)  

JETIR1809A21 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 801 
 

 

 

 

 

 

http://www.jetir.org/


© 2018 JETIR August 2018, Volume 5, Issue 8                                                          www.jetir.org (ISSN-2349-5162)  

JETIR1809A21 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 802 
 

 

 

 

 

 

 

 

http://www.jetir.org/


© 2018 JETIR August 2018, Volume 5, Issue 8                                                          www.jetir.org (ISSN-2349-5162)  

JETIR1809A21 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 803 
 

REFERENCES: 

[1] Raptis, A, and Konfousias, N., (1982). "Magneto Hydrodynamic free convective flow and Mass 

 Transfer through a porous Medium Bounded by an Infinite Vertical Porous Plate with Constant Heat 

 Flux". Can. J. Phys. 60, 1725-1729. 

[2] Singh, A. K. and Singh N. P. (1995). "MHD flow and heat transfer of a dusty visco-elastic liquid down 

 an inclined channel in porous medium ". Indian Journal of Theoretical Physics. Vol.43 (N0.4); p.293-

 302. 

[3] Chakraborty, S. and Borkakarthi, A. K (1998). "MHD flow and heat transfer of a dusty visco-elastic 

 fluid down an inclined channel in porous medium". Indian journal of Theoretical Physics Vol.96 

 (No.4): p.313-331. 

[4] Sutton, G. W, and Sherman, A. 1965 "Engineering Magneto hydrodynamics ", MC Graw -Hill, New 

 York. 

[5] Schlichting, H. : Boundary layer and flow control : Its principles and applications, Pergamon Press, 

 Oxford, Vol. I & II, (1961). 

[6]       Manishaben Jaiswal “Big Data concept and imposts in business” International Journal of Advanced 

and Innovative Research (IJAIR) ISSN: 2278-7844, volume-7, Issue- 4, April 2018 available at: 

http://ijairjournal.in/Ijair_T18.pdf 

[7] Krishna, D. V. , Prasada Rao, D. R. V. and Ramachandra Murty, A. S. (2002). "Hydro magnetic 

 convection flow through a porous medium in a rotating channel". J. of Engng. Phys. And 

 Thennophysics, 75(2), p.281-291,2002. 

[8] P. K. Sahoo, N. Datta and S.'Biswal (2003). "Magneto hydrodynamic unsteady free convective flow 

 past an infinite vertical plate with constant suction and heat sirik". Indian J. Pure appl. Math. , Vol 

 .34(1) p. 145-155, 2003. 

[9] P. R. Shanna, Y. N. Gaur and R. P. Shanna (2004).   "Unsteady MHD Flow and Heat  Transfer  over 

 a continuous porous  moving  horizontal  surface  in the  presence  of  an  oscillating  free  stream  

 and  heat  source".   Journal of Indian Acad. Mathematics -Vol.26, no.I (2004)p. 105-114. 

[10]       Manishaben Jaiswal,   "COMPUTER VIRUSES: PRINCIPLES OF EXERTION, OCCURRENCE 

AND AWARENESS ", International Journal of Creative Research Thoughts (IJCRT), ISSN:2320-

2882, Volume.5, Issue 4, pp.648-651, December 2017, http://doi.one/10.1729/Journal.23273 

Available at http://www.ijcrt.org/viewfull.php?&p_id=IJCRT1133396 

[11] S. Ahmed and N. Ahmed (2004) "Two dimensional MHD oscillatory flow along a uniformly 

 moving infinite vertical porous plate bounded by porous medium".  lndian j. Pure  ppl. Math., vol 35 

 (12) :p. 1309-1319. 

[12] V. Rajesh and S. V. K. Vanna, (2010)."Heat Source Effects on MHD flow part an exponentially 

 accelerated vertical plate with variable temperature through a porous medium". Int. J. of Appl. Math 

 and Mech. 6(12): p. 68-78, 2010.  

 

http://www.jetir.org/

