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Abstract 

 
The problem of an unsteady magnetohydrodynamics (MHD) and heat transfer over a stretching/shrinking permeable sheet 

with ohmic heating is studied in this paper.  Using a nonlinear partial differential equations system, the physical problem 

is modeled and transformed into ordinary differential equations using similarity transformation.  Along with the boundary 

conditions, the equations are solved numerically using bvp4c in the MATLAB software and a comparison with previous 

literature shows an excellent agreement.  The effect of suction parameter, unsteady parameter and magnetic parameter in 

porous plate are discussed.  The results show that the velocity profile and skin friction coefficient increases when suction 

parameter increases.  Furthermore, the increase in magnetic and unsteady parameters resulted in the increase in the velocity 

profile and the skin friction coefficient respectively. 
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INTRODUCTION 

 
Magnetohydrodynamics or MHD is the magnetic properties of electrically conducting fluids dynamics such as 

saltwater, plasmas and liquid metals.  In metal-working processes and modern metallurgical, the study of MHD 

flow of an electrically conducting fluid is significantly important.  Magnetic field applied in heat transfer and 

regulating momentum in the boundary layer of distinct fluids over a stretching sheet causes the streamline 

steeper that produce a thinning boundary layer [1]. Stretching consists of a large finite structure to its infinite 

version about a surface while shrinking describes an infinite structure to its finite approximation about a surface 

[2].  The useful applications for the study of MHD flow over a stretching/shrinking sheet in industrial processes 

are manufacturing of glass sheets, polymer processing, textile industries and paper production [3] 

  Ohmic heating is indicated as Joule heating, electro-conductive heating, direct electrical resistance 

heating or electro-heating [4].  A study of an unsteady MHD stagnation point flow with ohmic heating and 

viscous dissipation over a stretching/shrinking sheet was conducted by [5].  They found that dual solutions exist 

for the shrinking case, while there is a unique solution for the stretching case.  It shows that the significant effect 

on the flow and the heat transfer rate affected by the presence of unsteadiness and magnetic parameters [5].   

Ohmic heating has received special interest due to its potential benefits such as in food industry, waste 

treatment, water distillation and chemical processing [6,7,8,9]. However, there is a limited study done regarding 

the heat transfer and an unsteady MHD flow over a stretching/shrinking sheet especially involvement of 

permeable plate due to its huge implementations in engineering, geophysics, and thermal sciences [10].   
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This paper extends and investigates the study conducted by [5] by considering the permeable sheet on the effect 

of suction in the heat transfer and an unsteady MHD flow with ohmic heating over a stretching/shrinking 

permeable sheet.  

 

 

MATHEMATICAL FORMULATION 

 
Consider a viscous electrically conducting fluid over a permeable stretching/shrinking sheet on heat transfer 

and  an unsteady stagnation point flow. The variable x measures along the surface of the sheet while the variable 

y is normal to it. The permeable stretching or shrinking sheet velocity is w wu u=   where   is a constant with 

0   refers to a stretching sheet and 0   points to a shrinking sheet, eu  is the velocity of inviscid flow, wT  

is the sheet temperature, T  is the ambient temperature and B   is the transverse magnetic field strength (Soid 

et al.,2017).  
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   along with the initial and boundary 
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where  u and  v  are the velocity for the x−  and  y −  axes,   is the fluid kinematic viscosity ,   is the fluid 

electrical conductivity,  is the density,  T  is the fluid temperature, t  is the time,  is the fluid thermal 

diffusivity, pC  is the specific heat at constant pressure and 0V is the surface mass flux. It is assumed that ( ),wu x t

, ( ),eu x t , ( ),wT x t  and ( )2B t are as in Equation (5), hence Equations (1) to (4) admit to similarity solutions. 
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where 0a   and b  are constant,    is a constant denoted with the dimension (time)-1 and 0B  is the constant of applied 

magnetic field and the variables being considered are 
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where  is defined as /u y=    and /v x= −  ,  is the dimensionless similarity variable and   is the 

dimensionless temperature.  Substituting Equation (6) into Equations (1) to (4) leads to the ordinary differential 

equations: 
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 subject to the boundary conditions as 

 

( ) ( ) ( )0 , 0 , 0 1f S f = =   =  

( ) ( )1, 0f   →   →  as →                         (9) 

 
where primes represent differentiation with respect to   and 0S   is the suction parameter  while 0S   is the 

injection parameter. This paper focuses on the effect of suction parameter.  Parameter A  represents the 

unsteadiness, M  is the constant magnetic parameter, Ec  is the Eckert number and Pr  is the Prandtl number 

which are defined as 
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Using Equation (6), thus obtains 
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RESULTS AND DISCUSSION 
 

Table I shows the numerical results for various values of   of the skin friction coefficient ( )0f   when 

,1.0== AM Pr 1.0Ec= =  and 0=S by [5] and the present results which show an excellent agreement. 

 
TABLE I. Values of the skin friction coefficient and the Nusselt  number for different values of   when ,1.0== AM  

0.1Pr ==Ec  and 0=S . 

 

  Soid et al. 

   (2017) 

Present Study Soid et al. 

   (2017) 

Present Study 

   ( )0f      ( )0f      ( )0−     ( )0−  

 

1 

0.5 

0 

-0.5 

-1.4 

-1.401 

-1.4017 

-1.40174 

 

0 

0.74229441 

1.29973375 

1.62053894 

0.69681352 

0.67060921 

0.63385487 

0.62672941 

 

0 

0.74229441 

1.29973375 

1.62053894 

0.69681352 

0.67060921 

0.63385487 

0.62672941 

 

1.64764430 

1.23082763 

0.52573430 

-0.41366075 

-5.15777141 

-5.43163891 

-5.88601576 

-5.98573932 

 

1.64764430 

1.23082763 

0.52573430 

-0.41366075 

-5.15777141 

-5.43163891 

-5.88601576 

-5.98573932 
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TABLE II.Values of the skin friction coefficient and the Nusselt number for different values of S  when 

0.1, 0.05,Pr 1.0A M Ec= = = =  and  0.8 = −  and 0.8.  

 

  S  ( )0f   3,5,10S =  

-0.8 3.0 6.02969960 -2.24731794 

 5.0 9.42510785 -3.35921389 

 10.0 18.22765339 -6.33789565 

0.8 3.0 0.74723224 3.65289992 

 5.0 1.10234398 5.39572077 

 10.0 2.05592475 10.07098343 

 

FIG.1a) shows the velocity profile ( )f    for both shrinking/stretching cases.  The velocity rises with the 

increase in S for both shrinking/stretching cases and as consequence, the thickness of the boundary layer 

decreases. The velocity gradient increases in positive slope as the suction parameter S  increases for both 

shrinking/stretching cases. This is because suction improves the flow near the surface of the wall. Due to the 

positive increases of the skin friction coefficient, ( )0f   with the value of S increases for both cases of 

permeable sheet, it indicates that the drag force exerts more from the fluid to the shrinking surface compared to 

the stretching surface as shown in TABLE II .  FIG.1b) shows that the temperature at the particular point 

decreases with the increases of S for both shrinking/stretching cases and consequently thickness of the boundary 

layer also decreases.  The temperature slope on the surface increases in positive slope as S increases for 

shrinking case and vice versa for stretching case where the slope of the temperature  on the surface decreases 

in negative slope near the boundary layer. This indicates the heat transfers from the fluid to the surface for the 

shrinking case, while the heat transfers from the surface to the fluid for the stretching case. 

 
a) 

 

b) 

 

a) 

 

b) 

 

FIG. 1. Effect of different values of suction S  on a) velocity profile and b) temperature profile for different values 

of S  when 0.1, 0.05,Pr 1.0A M Ec= = = =  and 0.8= −  and 0.8 . 
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 3,5,10S =
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FIG. 2. Effect of various values of magnetic parameter M on a) velocity profile and b) temperature profile when 

0.1A= , 3.0,S =  Pr 1.0Ec= =  and 0.8 = −  and  0.8 . 

 

TABLE III. Values of the skin friction coefficient and the Nusselt number for various values of M  when 0.1A= , 3.0,S =

Pr 1.0Ec= =  and 0.8 = −  and 0.8.   

 

  M  ( )0f   ( )0−  

-0.8 1.0 6.44954831 -2.97375761 

 5.0 7.87367184 -5.44320419 

 10.0 9.24342592 -7.82748409 

0.8 1.0 0.78682178 3.64631729 

 5.0 0.92795756 3.62247751 

 10.0 1.06980680 3.59798643 

 

FIG.2a) shows that the velocity increases with the increase in M for the shrinking case but slightly increases 

for stretching case and as consequent to it, the thickness of boundary layer decreases for both cases.  Due to the 

positive increases of the skin friction coefficient, ( )0f  with the value of M  increases in TABLE III for both 

shrinking/stretching cases, it indicates that the drag force exerts from the fluid to the surface.  FIG.2b) shows 

that the temperature at the particular point increases then gradually decreases with the increases of M for the 

shrinking case but increases for the stretching case and consequently slightly increases the thickness of the 

boundary layer for both cases.  The temperature slope increases in positive slope as the magnetic parameter M

increases in shrinking case and vice versa for the stretching case decreases in negative slope slightly near the 

boundary layer which give similar interpretation as the explanation in TABLE II.  

  It is observed in FIG.3a)  that for both shrinking/stretching cases, the velocity increases with the 

increases in A and consequently, the boundary layer is thicker for the shrinking case as compared to the 

boundary layer for the stretching case.  The drag force exerts from the fluid to the surface due to the positive 

increases of the skin friction coefficient, ( )0f  for both cases of shrinking/stretching sheet with the increasing 

value of A  as shown in TABLE IV.  FIG.3b)  illustrates that the temperature at the particular point decreases 

with the increases of A for both of the shrinking/stretching cases and consequently the thickness of the boundary 

layer also decreases.   
 

 

 

a) 

 

 b) 

 

 FIG. 3. Effect of various values of unsteadiness parameter A  on a) velocity profile and b) temperature profile 

when  0.5,M =  3.0,S = Pr 1.0Ec= = and 0.8 = −  and  0.8.  

1,5,10A =  
1,5,10A =  
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TABLE IV. Values of the skin friction coefficient and the Nusselt number for various values of A  when 0.5M = , 

Pr 1.0Ec= = , 3.0S =   and 0.8 = −  and  0.8 . 

  M  ( )0f   ( )0−  

-0.8 1.0 6.45929556 -2.11560467 

 5.0 7.40879038 -0.71898715 

 10.0 8.46588616 0.24662312 

0.8 1.0 0.78805463 3.94425220 

 5.0 0.88117342 5.01694625 

 10.0 0.98829569 6.04798365 

 

Due to the heat transfers from the fluid to the surface for shrinking case causes the negative increases of the 

Nusselt number ( )0− while for the stretching case, the heat transfers from the surface to the fluid causes the 

positive increases of the Nusselt number ( )0− . However, there is an isolated case for shrinking at 10 0.A= as 

the heat transfer from the surface to the fluid. 

 

 

CONCLUSION 

 
The two dimensional heat transfer and MHD flow over a permeable stretching/shrinking sheet with ohmic 

heating is studied in this paper. The effect of suction parameter, unsteady parameter and magnetic parameter in 

porous plate are discussed.  The results show that the velocity profile and skin friction coefficient increases 

when suction parameter increases.  Furthermore, the increase in magnetic and unsteady parameters resulted in 

the increase in the velocity profile and the skin friction coefficient respectively. 
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