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Abstract 
This paper presents an analytical method for describing heat dissipation and magnetic field 
effects on unsteady free convection magnetohydrodynamics flow between two heated 
vertical plates. It is assumed that the initial velocity increases lengthwise. The equations are 
solved using parameter-expanding method and Eigenfunctions expansion technique. The 
results obtained shows that the Prandth number and Reynolds number have significant 
effects on the velocity and temperature distribution. 
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Introduction 
A magnetic field is the magnetic influence of electric currents and magnetic materials. The 
magnetic field at any given point is specified by both a direction and a magnitude (or 
strength). As such it is a vector field (Oladeji, 2015). In everyday life, magnetic fields are 
most often encountered as an invisible force created by permanent magnets which pull on 
ferromagnetic materials such as iron, cobalt or metal and attract or repel other magnets. 
Magnetic fields are very widely used throughout modern technology, particularly in electrical 
engineering and electro mechanics. The earth produces its own magnetic fields, which is 
important in navigation. Rotating magnetic fields are used in both electric motors and 
generators. Magnetic forces give information about the charge carriers in a material through 
the Hall Effect. The interaction of magnetic fields in electric devices such as transformers is 
studied in the discipline of magnetic circuits (Oladeji, 2015). 
 
Magneto hydrodynamics is the state of the dynamics of electrically conducting fluids. 
Examples of such fluids include plasma, liquid metal and saltwater or electrolytes. The 
fundamental concept behind MHD (Magneto hydro dynamics) is that magnetic fields can 
induce currents in a moving conductive fluid, which in turn, creates forces on the fluid, and 
also changes the magnetic field itself. The set of equations which describe MHD are a 
combination of the Nervier-Stokes equation of fluid dynamics and Maxwell’s equations of 
electromagnetism. These differential equations have to be solved simultaneously either 
analytically or numerically (Olajuwon & Dahimire,2013). 
 
Unsteady free convection flows in a porous medium have received much attention in recent 
time due to its wide applications in geothermal and oil reservoir engineering as well as other 
geophysical and astrophysical studies. Bhaskar (2014) investigated the effects of mass 
transfer on unsteady free convection MHD flow between two heated vertical plates in the 
presence of transverse magnetic field. Lakshmi et al. (2013) studied the effects of Heat 
Generation and Viscous Dissipation on MHD Heat and Mass Diffusion Flow Past a Surface. 
Their results show that the Heat Generation and Viscous Dissipation have significance 
influence on the flow, heat and mass transfer. 
 
Olajuwon and Dahimire (2013) studied the effects of thermo-diffusion and thermal radiation 
on unsteady heat and mass transfer. The results show that the observed parameters have 
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significance influence on the flow, heat and mass transfer. Chand, Kumar and Sharma 
(2012) investigated the hydro magnetic oscillatory flow through a porous medium bounded 
by two vertical porous plates with heat source and Soret effect. When one plate of the 
channel is kept stationery and the other is moving with uniform velocity. And the result 
showed that the Lorentz force parameter i.e. the Hartmann number contributes to reduce 
the velocity and the skin friction profile. 
 
Ibrahim (2014) examined the unsteady MHD convection heat and mass transfer past an 
infinite vertical plate embedded in a porous medium with radiation and chemical reaction 
under the influence of dufour and soret effects. Ashkkunar et al. (2013) studied closed form 
solutions of heat and mass transfer in the flow of a MHD viscous-elastic fluid over a porous 
stretching sheet. It is found that the heat and mass transfer distribution decreases with the 
increasing values of the viscous-elastic parameter. 
 
The objective of this paper is to obtain an analytical solution for describing the heat 
dissipation and magnetic field effects on unsteady free convection magneto hydrodynamics 
flow between two heated vertical plates.  
 
Materials and Methods 
The physical configuration illustrating the problem under consideration is as shown in figure 
1. 

 
Figure 1: Geometry of the flow field 
 
The vertical plates are fixed and the fluid flows between the two plates pointing to vertical 
upward direction. The axisx  , taken as the axis of the channel, is pointing to vertical 

upward direction through the idle of the two plates. The axisy   is along the horizontal 

direction. The plates of the channelled are kept at 1y . g  acts in the vertical downward 

direction while 0B  acts at an angle
2

0
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    to the axisy  . In order to derive the 

fundamental equation, we assume that 
1. The fluid is Newtonian, viscous, incompressible 
2. The Hall affect, electrical effect and polarization effect, are neglected 
3. The variation of expansion coefficient respect to temperature difference are 

considered 
4. The boundary layer is assumed to be thin relative to the distance between the 

two plates 
5. The pressure gradient across the boundary layer is neglected. 
6. The induced magnetic field is assumed to be very small 
7. The viscous dissipation is considered 
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8. One of the plates is assume adiabatic 
9. It is also assume that initial velocity depends on space variables (i.e., initial 

velocity increases lengthwise). 
 
Considering the above assumption the equations describing the unsteady free convection 
flow of an incompressible viscous fluid through a vertical channel are the: 
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The initial and boundary conditions are formulated as: 
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where wT and 0T are the temperature at the plates 0y  and 1y respectively,  0n  a real 

number denotes the decay factor,   is the variation of expansion coefficient, k  is the 

thermal conductivity with respect to temperature different, 0 acts at an angle ,u  and   

are the velocity components, T  is the temperature of the medium.  
 
Method of Solution 
 
Non-dimensionalization 
Here, we non-dimensionalized equations (1) – (4), using the following dimensionless 
variables: 
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and we obtain 
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with the initial and boundary conditions: 
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Analytical Solution 
Here, we solve equations (6) – (8) using parameter-expanding method (where details can be 
found in He, 2006) and eigenfunctions expansion method (where details can be found in 
Myint-U and Debnath, 1987). 
Suppose that the solution of equations (6) – (8) can be expressed as: 
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Substituting (9) into (6) – (8) and processing, we obtain for 
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Using eigenfunctions expansion method and direct integration, we obtain the solution of 
equations (10) - (13) as 

 

 

























 





















 









 







































 



1

2

121

2

2

2

121

0
2

12
sin1

2

121
12

4
1),(

2
22

2

n

t
n

p

e

t
n

p

nt y
n

e
n

p
nn

ne
ety

e

e










(14) 

yn

e
nq

ee

m

e

nR

q

ee

q

ee

n

n

R
tyu

n
tm

tmnttmn

e

tmtmtmtm

n

n

e





sin

21)1(12

)14(

))1(12(22

),(
1

21

101

2

1

11

1210










































 










 







 























 










 





       (15) 

 



Journal of Science, Technology, Mathematics and Education (JOSTMED), 16(1), March, 2020 
 

104 

 

 












































































































 
















































1

9

8

7

6

8

4

2

1

2

1

81

831

3

82

21

10

2

(
1

)(

)1(
1

)1(12

)(
1

)(

)(
1

)14(

))1(12(22

)14(

)21(2
),(

n

tmtm

tmnttmtm

tm

n

e

tmtm

tmtm

tmtm

n

n

e

ee
qn

ee
q

eeq

e
q

nR

ee
q

eeq

ee
q

n

n

R

n

n
ty










          (16) 
where 

n
pp

n

p

n
m

eee


2

22 2222

0


,

eR

n
Mm

22

1


 ,

eee pp

n

p

n
m

4

2222

2


 ,

,
2

121 2

2

3 






 


n

p
m

e

n
R

n
M

pp

n

p

n
q

eeee





222222

0
2

22 
,

eeee R

n
M

pp

n

p

n
q

222222

1
4





 , n

R

n
Mq

e


22

2


,  0303 mmqq  ,

















03

10

00

4

1

mm

qq

qq
q ,  2315 mmqq  , 316 mmq  ,

12

7

1

mq
q  ,   

 nmqq  328 , 139 mmq   

The computations were done using computer symbolic algebraic package MAPLE. 
 
Results and Discussion 
We solve the systems of coupled nonlinear partial differential equations describing Transient 
free convection magnetohydrodynamics flow between two heated vertical plates analytically 
using parameter-expanding method and eigenfunctions expansion technique. Analytical 
solutions of equations (6) - (8) are computed for the following parameter values:

,1,71.0,1  er RPM 001.0a . The following figures 2 – 5 display the temperature 

and velocity distributions against different dimensionless parameters. 
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Figure 2 shows the graph of temperature against time for different values of Prandth 

number  Pr . It is observed that the temperature increases and later decreases with time 

while the maximum temperature increases as Prandth number increases. 

 
 
Figure 3 depicts the graph of temperature against distance for different values of Prandth 

number  Pr . It is observed that the temperature increases and later decreases with along 

distance while the maximum temperature increases as Prandth number increases. 
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Figure 4 displays the graph of velocity against time for different values of Reynolds number

 Re . It is observed that the velocity decreases with time and increases as Reynolds number 

increases. 

 
 
Figure 5 displays the graph of velocity against distance for different values of Reynolds 

number  Re . It is observed that the velocity oscillate along the distance and maximum 

velocity increases as Reynolds number increases. 
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Conclusion 
We have formulated and solved analytically a mathematical model oftransient free 
convection magnetohydrodynamics flow between two heated vertical plates to determine 
the velocity and temperature distributions. We decoupled the equations using parameter 
expanding method and solved the resulting equations using eigenfunctions expansion 
technique. From the results obtained, we can conclude that: 
(i) Prandth number enhances the temperature of the medium. 
(ii) Reynolds number enhances the velocity of the flow. 
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