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Abstract:  

In this work, the unsteady free convection flow of a viscous, 

incompressible and electrically conducting fluid near a vertical 

porous plate with ramped temperature and ramped motion in the 

presence of uniform transverse magnetic field is studied. A unified 

closed form analytic solution has been obtained for the velocity field 

and skin friction coefficient corresponding to the case of a magnetic 

field fixed relative to the fluid or the porous plate. It is assumed that 

the bounding plate has ramped temperature profile and ramped 

motion subject to a uniform transverse magnetic field under the 

assumption of negligible induced magnetic field. Laplace transform 

technique has been used to find the solutions of the velocity and 

temperature in Laplace domain. While, the closed form semi-

analytical solution has been obtained using the Riemann-sum 

approximation method. The effect of the flow parameters such as 

the Prandtl number , Hartmann number , Heat sink 

parameter  and Suction/Injection  on the fluid temperature, 

velocity, Nusselt Number as well as the skin friction co efficient are 
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presented with the help of graph. It was observed that 

Suction/injection increases the velocity of the fluid. This is because 

injection increase thickens the boundary layer which eventually 

increases the fluid velocity while suction causes a thinning of the 

boundary layer which leads to the decreases in the fluid velocity. 
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1.0 Introduction 
 

Theoretical investigations of natural convection flow past a vertical porous plate has 

continued to receive attention in the literature due to its industrial and technological 

applications. These applications include; geothermal reservoirs, drying of porous solids, 

chemical catalytic reactors, thermal insulators, nuclear waste repositories, heat exchanger 

devices, enhanced oil and gas recovery, underground energy transport to mention a few. 

Several authors Georgantopolus (1979), Chandran (1998), Rapis (1983), and Sachet et al 

(1994) in their investigations, they obtained the analytical solutions assuming that the 

velocity and temperature conditions at the wall are continuous and well defined. Free 

convection flow past a vertical plate in the presence of a transverse magnetic field is 

investigated by several researchers under various physical situations. Mention may be made 

of the research studies of Ahmed et al (2011), Aldos et al (1995) and Takhar (2003) in all 

these studies, effect of heat absorption by the fluid is not taken into account. However, in 

industrial applications, such as underground disposal of radioactive waste materials, storage 

of food stuffs, exothermic and/or endothermic chemical reactions, heat removal from nuclear 

fuel debris and dissociating fluid in packed-bed reactors e.t.c , the heat generation or 

absorption effect are of much significance taking into account these facts, Chamkha [3] 

considered steady hydro magnetic boundary layer flow over an accelerating permeable 

surface in the presence of thermal radiation, thermal buoyancy force and heat generating or 

absorption. Sahoo et al [16] investigated unsteady MHD free convection flow of viscous in 
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compressible and electrically conducting fluid past an infinite vertical porous plate in the 

presence of constant suction and heat absorption it was found that the magnetic field tends to 

retard the fluid velocity and also it has tendency to reduce mean skin friction and mean rate 

of heat transfer of the conducting fluid.  In all the afore mentioned studies, the analytical or 

numerical solution is obtained assuming conditions for velocity and temperature at the 

interface of the plate as uniform, continuous and well defined, however, there exist several 

problems of physical interest which may require non-uniform or arbitrary wall conditions 

taking into consideration this fact, several researchers [8, 9] investigated the problem of free 

convection from a vertical plate with step discontinuities. The problems of magneto-

hydrodynamic flow of heat transfer in porous and nonporous media have drawn the attention 

of many researchers due to the significant effects of magnetic field on the boundary layer flow 

control and on the performance of many systems using electrically conducting fluid. In 

addition, this type of flow find applications in the MHD power generation, MHD pumps, flow 

meters and accelerators, plasma studies, nuclear reactors using liquid metal coolant and 

geothermal energy extraction. Sahoo and Sahoo [17] analyzed the hydro magnetic free 

convection and mass transfer flow past and impulsively moving vertical plate through porous 

medium while Jha [9] considered this problem for uniform accelerated vertical plate. In these 

investigations the effects of radiation is not taken into account. Free and forced convection 

flow with thermal radiation find numerous applications in the science and engineering viz in 

glass manufacturing, furnaces design, high temperature aerodynamics thermo nuclear fusion, 

casting levitation Cosmical flight, propulsion system, plasma physics and space craft. Keeping 



Volume: 1, Issue: 1, Year: 2019 Page: 81-122 

 

 

 

 

7 Euro Afro Studies International Journal®      
                           (EASIJ.COM) 

Email: editor.easij@gmail.com , editor@easij.com  Website: easij.com  

Published By 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EASIJ - International 

in view this fact Chamkha [4] studied solar radiation assisted natural convection in a uniform 

porous medium supported by a vertical flat plate. Takhar et al [18] investigated the effects of 

radiation on MHD free convection flow of a gas past a semi- infinite vertical plate. Mbeledogu 

and ogulu [10] discussed heat and mass transfer of an unsteady MHD natural convection flow 

of a rotating fluid past a vertical porous plate in the presence of radiative heat transfer. In all 

these investigations the analytical or numerical solution is obtained assuming the velocity 

and temperature conditions at the interface of the plate are continuous and well defined. 

Several authors investigated the problem with step discontinuities. Seth and Ansari [15] 

considered hydro magnetic natural convection flow past an impulsively moving vertical plate 

embedded in a porous medium with ramped wall temperature in the presence of thermal 

diffusion with heat absorption. Later, Seth et al [14] extended the work of Seth and Ansari 

[15] to include the effect of rotation  

Jha and Jibril [8 and 9] studied the MHD flow due to ramped motion of the boundary for both 

porous and non-porous boundary but these analyses did not take into consideration the 

effects of ramped temperature. Also Jha and Ajibade studied the natural convection of heat 

generating or absorbing flow near a vertical plate with ramped temperature again these 

analyses did not take into consideration the effect of ramped motion as well as the magnetic 

field. 

The aim of the present investigation is to consider the unsteady natural convection flow of a 

heat generating or heat absorbing fluid near a vertical porous plate with ramped 

temperature and ramped motion. MHD natural convection flow resulting from such a plate 
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with ramped temperature profile and ramped motion of the boundary plate is of relevance in 

several engineering applications, especially where the initial temperature profiles assume 

importance in designing of electro-magnetic devices.      

2.0  MATHEMATICAL ANALYSIS  

The flow considers unsteady MHD natural convection flow of viscous, incompressible and 

electrically conducting fluid due to ramped temperature and ramped motion near a vertical 

porous plate.   
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Figure 1 physical configuration 

The motion of a viscous in compressible and electrically conductive fluid due to the ramped 

motion of an infinite vertical porous plate is considered. At time 0t . The fluid, the porous 

plate and the magnetic lines of force are assumed to be at rest. When the time is greater than 

zero that is 0t the temperature of the plate is increased or decreased to  
0t

t
TTT w


  , 

and it begins to move in its plane with a velocity proportional to  tf   when 0tt   and 

thereafter for 0tt   is maintained at constant temperature wT  .  A uniform magnetic field of 

strength  applied perpendicular to the porous plate. The magnetic Reynolds’s number of 

the flow is assumed to be small enough so that the induced magnetic field can be neglected. 

The flow is assumed to be in the xdirection along the porous plate and y axis is normal to 

the porous plate as shown in the figure above.  

The main aim here is to analyze the MHD unsteady natural convective flow of heat 

generating or absorbing fluid with ramped temperature and ramped motion. The flow is 

assumed to be laminar and therefore, the effect of the convection and pressure gradient 

terms in the momentum and energy equations are neglected. Also the magnetic Reynolds 

number of the flow is assumed to be small enough so that the induced magnetic field can be 

neglected. In this case the velocity and temperature are functions of the time variable t and 

the space variable y only as a result of the boundary layer approximation, the governing 

equations for the flow problem in dimensional form are:  
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Equations (1) and (2) are valid when the magnetic lines of force are fixed relative to the 

fluid. If the magnetic field is also having ramp motion with the same velocity as the porous 

plate, the relative motion must be accounted for. In this case equation (1) is replaced by:    
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This is valid when the magnetic lines of force are fixed relative to the moving porous plate. 

Equation (1) and (3) can be combined together to obtain: 
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 (4) 

The initial and boundary conditions to be satisfied are:  

,0u  
 TT  For 0y  and 0t  
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0u  At 0y  For 0t  
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    At 0y  and 00 tt   

wTT   At  0y   For 0tt   

u → 0 , T → 
T   as y→  For 0t    
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Where  is the Heaviside unit step function defined by   

Non-Dimensionalization quantities  
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 (6) 

Using equations (6) in (4) and (2), the momentum and energy equation are presented in 

dimensionless form as   

                     

 (7)  

                     

(8)  

Where  
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Suction/injection parameter heat sink dimensional velocity and magnetic 

parameter  

In the present work  is specified as the ramp function  

         

 (9) 

Where   

Where  is the Heaviside unit step function defined by   

According to the above non-dimensional process, the characteristic time 𝑡ₒ can be defined as   

0t                                    

(10)  

And the boundary conditions (5) becomes 

(i)  

(ii)  
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(iii)  

(iv)  

     

         

 (11) 

Applying Laplace transforms technique to equation (7) and (8) with the help of (11i) we 

obtain 

                   

(12)  

                             

(13)  

Where,  And   

  (P being Laplace transforms parameter)   

The boundary conditions (11ii) to 11(v) become   
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U ,  T            

 (14) 

The solution of equation (12) and (13) subject to the boundary conditions (14) are given by   

                

 (15)  

             (16) 

 

Equations (15) and (16) are to be inverted in order to determine the velocity solution in time 

domain. Since these equations are difficult to invert in closed form. We use a numerical 

procedure used in Jha and Apere [20] which is based on the Riemann-sum approximation. In 

this method, any function in the Laplace domain can be inverted to the time domain as 

follows. 
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Where Re refers to the real part of   the imaginary number. M is the number of terms 

used in the Riemann-sum approximation and  is the real part of the Bromwich contour that 

is used in inverting Laplace transforms. The Riemann-sum approximation for the Laplace 

inversion involves a single summation for the numerical process its accuracy depends on the 

value of   and the truncation error dictated by M. According to Tzou [21], the value of   that 

best satisfied the result is 4.7. The same numerical procedure (17) is applied on equations 

(18) and (19) to obtain their solutions in time domain. 

 

2.1  NUSSELT NUMBER AND SKIN FRICTION  

The expression for skin friction and Nusselt number, which are the shear stress at the plate 

and measures of heat transfer rate respectively, are presented in the following form.  

 

             

 (18) 
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 (19) 

3.0 RESULTS AND DISCUSSION  

To investigate the effects of the various flow parameters such as the Hartman number , 

the Prandtl number , heat sink  and suction/injection parameter on the velocity 

field  and temperature , suitable values of  were chosen to depict the flow 

behavior graphically. The values of  were choosen to be  and  

corresponding to the values for air and    

Temperature profile for different values of time is presented in   It shows that the 

temperature increase as time increases. Fig 3 shows the temperature profile for different 

values of . It shows that temperature decreases as  increase. For fluid with large , the 

temperature decays faster with distance which makes thermal boundary layer to decrease. 

This is expected since fluid with large  has low thermal diffusivity and hence heat 

penetration is less when  is large.   Shows temperature profile for different values of 

heat sink . As (S) increases, the temperature decreases. This is expected since the heating 

of the fluid takes place gradually and the vertical plate is porous.  Shows temperature 

profile for different values of suction/injection parameter. As the porosity of the vertical plate 

increases, the temperature increases.  
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Fig 2.Temperature profile for different values of  
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Fig3.Temperature profile for different values of  



Volume: 1, Issue: 1, Year: 2019 Page: 81-122 

 

 

 

 

20 Euro Afro Studies International Journal®      
                           (EASIJ.COM) 

Email: editor.easij@gmail.com , editor@easij.com  Website: easij.com  

Published By 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EASIJ - International 

0.5

0.5

0.5

0.5

1

1

1

1

1

1
.5

1.5

1.5

1.5

2

2

2

2

2

2
.5

2.5

2.5

2.5

2.5

3

3

3

3

3

3
.5

3
.5

3.5

3.5

3.5

4

4

4

4

4

y

T
e
m

p
e
ra

tu
re

 (
T

)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

 

Fig 4. Temperature profile for different values of  
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Fig 5. Temperature profile for different values of  

 

Shows the variation of velocity for different values of time  with the magnetic 

field fixed relative to the plate and fluid respectively, it shows that, as time increases the 

velocity increases.  Shows the variation of velocity for different values of  it shows 

that the velocity decreases as  increase.  Shows the variation of velocity profile for 
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different values of the heat sink  from , it is clear that velocity decreases with 

increase of heat sink parameter .  Shows the variation of velocity profile for 

different values of magnetic field , with the magnetic field fixed relative to the plate and 

fluid respectively. It shows that velocity decreases on increasing magnetic parameter  

fixed relative to the plate. This implies that the magnetic field decelerates fluid velocity this is 

due to the fact that the application of magnetic field to an electrically conducting fluid gives 

rise to resistivity force which is known as Lorentz force. This force has tendency to decelerate 

fluid flow in the boundary layer region. While the velocity increases on increasing magnetic 

parameter  fixed relative to the fluid. This is physically true because, when the magnetic 

lines of force are fixed with the fluid, the resulting Lorentz force is a retarding force. This 

retarding effect is manifested by the reduction of the velocity profile. It is also clear from 

. For ,  contains  which reduces the velocity as 

magnetic field increases. On the other hand, for ,  contains 

, which supports the velocity as magnetic field increases  shows the 

variation of velocity profile for different values of suction/injection . It shows that the 

velocity of the fluid increases as the suction/injection increases. A comparative study reflects 

that the effect of injection is to increases the velocity while the suction decreases it. The 

physical interpretation of velocity increase due to injection is borne out of the fact that 

injection increase thickens the momentum boundary layer which eventually increases the 
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fluid velocity while suction causes a thinning of the boundary layer which leads to it decrease 

in the fluid velocity.        
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Figure 6: Velocity profile for different values of 
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Fig7. Velocity profile for different values of  
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Fig. 9 Velocity profile for different values of  
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Fig10. Velocity profile for different values of 
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Fig 11. Velocity profile for different value 

of  
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Fig 12: Velocity profile for different values of  

 

 Shows the variation of Nusselt number for different values of , it shows that the 

Nusselt number increases as  increases. This implies that there is an enhancement in the 

rate of heat transfer at .  Shows the variation of Nusselt number for different 
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values of , it shows that the rate of heat transfer increases as the suction/injection 

increases.  Shows the variation of Nusselt Number for different values of , it shows 

that the Nusselt number increase as heat sink increases.  Shows the variation of skin 

friction versus time for different values of , it shows that the skin friction increases on 

increasing  over time.  Shows the variation of skin friction versus heat sink for 

different , it shows that as the heat sink increases there is an increase in skin friction with 

increase in , This implies that heat sink enhances the shear stress of the fluid  Shows 

the variation of skin friction versus time for different , it shows that the shear stress 

increase as magnetic field increases.    Shows the variation of skin friction for different 

value of , it shows that the shear stress increases as suction/injection increases. 
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Fig13. Variation of Nusselt Number for different  
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Fig 14: Variation of Nusselt Number for Different Value of  
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Fig 15. Variation of Nusselt Number for different value of  
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Fig. 16 Variation of Skin friction for different value of  
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Fig. 17. Variation of Skin friction for different value of  
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Fig. 18: Variation of Skin friction for different value of  
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Fig. 19. Variation of Skin friction for different value of  
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CONCLUSION 

This study presents a theoretical investigation of unsteady MHD natural convection flow 

through a vertical porous plate with ramped wall temperature and ramped motion. The 

Laplace transform technique and the Riemann-sum approximation method have been used to 

obtain the solution of the governing equation. The influence of some carefully selected flow 

parameter; Hartmann number , Prandtl , suction/injection , heat sink  and time 

  on the fluid velocity, skin-friction and rate of heat transfer has been extensively discussed. 

The significant findings are summarized below; 

1. The temperature of the fluid increases as the suction/injection of the plate increases. 

2. Magnetic field fixed relative to the porous plate decrease the velocity of the fluid while magnetic 

field fixed relative to the fluid increase the velocity of the fluid. 

3. Suction/injection increases the velocity of the fluid. This is because injection increase thickens the 

boundary layer which eventually increases the fluid velocity while suction causes a thinning of 

the boundary layer which leads to the decreases in the fluid velocity. 

4. suction/injection and heat sink increase the rate of heat transfer 

5. Magnetic field, heat sink and suction/injection increase the shear stress of the fluid. 
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