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Abstract- In this paper, we have investigated the motion of unsteady flow through porous media past on 

moving vertical plate with variable temperature in the presence of inclined magnetic field. The fluid 

considered is viscous, electrically conducting, incompressible, absorbing-emitting radiation in a non-

scattering medium. The Laplace transform technique has been used to find the solutions for the velocity 

profile. The velocity profile has been studied for different parameters like Hartmann number, Prandtl 

number, thermal Grashof number and time. The effects of variable parameters to the velocity profiles are 

discussed graphically and the numerical values obtained for skin-friction has been tabulated. 
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I. INTRODUCTION 

The study of flow of an electrically conducting 

fluid has important applications in many branches 

of engineering and applied sciences such as MHD 

accelerators and power generation systems, plasma 

studies, cooling of nuclear reactors, geothermal 

energy extraction, electromagnetic propulsion and 

the boundary layer control in the field of 

aerodynamics. Unsteady hydro-magnetic flow in a 

rotating channel in the presence of inclined 

magnetic field was studied by Seth and Ghosh[1]. 

Inclined magnetic field and chemical reaction 

effects on flow over a semi infinite vertical porous 

plate through porous medium was studied by 

Sugunamma et al[7]. Sandeep and Sugunamma[8] 

has analyzed effect of inclined magnetic field on 

unsteady free convective flow of dissipative fluid 

past a vertical plate and further [6] Studied  effect 

of inclined magnetic field on unsteady free 

convection flow of a dusty viscous fluid  between 

two infinite flat plates filled by a porous medium. 

Sandeep and Sugunamma [11] has also analyzed 

radiation and inclined magnetic field effects on 

unsteady hydromagnetic free convection flow past 

an impulsively moving vertical plate in a porous. 

Kim[2] has analyzed   unsteady MHD convective 

heat transfer past a semi-infinite vertical porous 

moving plate with variable suction. Seddeek[3] has 

presented  the effect of variable viscosity on 

hydromagnetic flow and heat transfer past a 

continuously moving porous boundary with 

radiation. Unsteady flow through a highly porous 

medium in the presence of radiation was analyzed 

by Raptis and Perdikis[4]. Heat transfer to MHD 

oscillatory flow in a channel filled with porous 

medium was presented by Makinde and Mhone [5]. 

Alia et al[9] has worked on heat and mass transfer 

with free convection MHD flow past a vertical 

plate embedded in a porous medium. MHD free 

convective heat and mass transfer of fluid flow past 

a moving variable surface in porous media was 

studied by Singh and Benu[10]. Effect of an 

inclined magnetic field on steady Poiseuille flow 

between two parallel porous plates was studied by 

Kuiryand and Bahadur[12]. In this paper, we have 

analyzed the motion of unsteady flow through 

porous media past on moving vertical plate with 

variable temperature in the presence of inclined 

magnetic field. 

II. MATHEMATICAL ANALYSIS 

We considered an unsteady viscous incompressible 

electrically conducting fluid past vertical plate and 

the vertical plate impulsively started moving with 

velocity 0u . The plate is electrically non-

conducting.  A uniform inclined magnetic field 0B  

is assumed to be applied on the plate with angle α. 

Initially the fluid and plate are at the same 

temperature T∞. At time t>0, temperature of the 

plate is raised to Tw. The flow modal is as under: 
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Here u is the velocity of the fluid in,  g – 

acceleration due to gravity,  - volumetric 

coefficient of thermal expansion, t- time, 
T -  the 

temperature of the fluid near the plate, wT -

temperature of the plate T - the temperature of the 

fluid far away from the plate, k - the thermal 

conductivity,   is the kinematic viscosity,   - the 

fluid density,   - electrical conductivity,   - the 

magnetic permeability, K - the permeability of the 

medium and CP is the specific heat at constant 

pressure. 
 

To write the equation (1) and (2) in dimensionless 

form, we introduce the following non - dimensional 

quantities: 
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Here the symbols used are: 

u -dimensionless velocity, Pr - Prandtl number, Ha 

-Hartmann number, M - magnet field parameter, y
- dimensionless coordinate axis normal to the plate, 

  -dimensionless temperature, Gr – thermal  

Grashof number.  

The dimensionless form of Equation (1) and (2) are 

as follows:  
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Here 22 sinHaM  . 

The corresponding boundary conditions are:   
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Dropping the bars and combining the Equations (5) 

and (6), we get 
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On solving above equations analytically, we have 

following solutions: 
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III. SKIN FRICTION 

The dimensionless skin friction at the plate y=0 is 

obtained as 



   Gaurav Kumar Sharma* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 

Volume No.4, Issue No.2, February - March 2016, 2784 – 2788. 

2320 –5547 @ 2013-2016 http://www.ijitr.com All rights Reserved.  Page | 2786 

)])[2
2

2(24

4])[2

2
2(2])[2

2
2(2][2

444(
4

1

])[2
2

(
2

1

])[][1(
2

1

1

2

3

1

2

0

r

At

r

P

At

r

At

At

P

At

r

At

y

PAterfA
t

e
APe

PAAterfA

t

e
AAtAterfA

t

e
AAterfA

tAeAG
A

AterfcA
t

e

AterfcAterfA

y

u

r

r













































 

IV. DISCUSSION AND RESULTS  

The velocity profile for different parameters like 

angle of inclination of magnetic field , Hartmann 

number Ha, thermal Grashof number Gr, 

permeability parameter K, prandtl number Pr and 

time t is shown in figures 1 to 6. On increasing the 

angle of inclination of magnetic field 

)60,30,15(   the decreasing velocity are 

shown in figure1. If the Hartmann number (Ha=2, 

4, 6) is increased then the velocity are decreased 

observed from figure2. Thermal Grashof number 

(Gr=2, 5, 10) is increased, the velocity are 

decreased observed from figure3. On increasing the 

permeability parameter (K = 0.1, 0.4, 2.0), velocity 

are increased observed from figure4. If the Prandtl 

number (Pr = 0.71, 7.0) is increased then the 

velocity are increased shown by figure5. Velocity 

are increased with time (t= 0.1, 0.15, 0.2) observed 

from figure6. 

 

Figure1: u for different values of   

 

Figure2: u for different values of Ha 

 

Figure3: u for different values of Gr 

 

Figure4: u for different values of K 

 

Figure5: u for different values of Pr 

 

Figure6:  u for different values of t 



   Gaurav Kumar Sharma* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 

Volume No.4, Issue No.2, February - March 2016, 2784 – 2788. 

2320 –5547 @ 2013-2016 http://www.ijitr.com All rights Reserved.  Page | 2787 

Table of Skin friction  

  Ha Gr Pr K t   

15  4 2 0.71 0.2 0.2 -2.35885 

30  4 2 0.71 0.2 0.2 -2.88715 

30  6 2 0.71 0.2 0.2 -3.63635 

30  4 4 0.71 0.2 0.2 -2.17258 

30  4 2 7.00 0.2 0.2 -2.21576 

30  4 2 0.71 0.5 0.2 -2.15716 

30  4 2 0.71 0.2 0.1 -3.03013 

V. CONCLUSION 

Some conclusions of the study are as under: 

1. Velocity increases with the increase in 

permeability parameter, Prandtl number Pr 

and time t. 

2. Velocity decreases with the increase in 

angle of inclination of magnetic field , 

Hartmann number Ha, thermal Grashof 

number Gr. 

3. Skin friction increases with the increase 

angle of inclination of magnetic field , 

thermal Grashof number Gr, Prandtl 

number Pr, permeability parameter and 

time t. 

4. Skin friction decreases with the increase 

Hartmann number Ha.  

VI. APENDIX 
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