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ABSTRACT 

In the present analytical study, we have considered unsteady hydromagnetic heat and mass transfer natural convection flow of an electrically 
conducting, heat absorbing and chemically reacting fluid past an exponentially accelerated vertical plate in a uniform porous medium taking Hall 
current and rotation into account. The species concentration near the plate is considered to be varies linearly with time. Two particular cases for plate 
temperature are considered i.e. (i) plate temperature is uniform and (ii) plate temperature varies linearly with time and after some time it is 
maintained at uniform temperature. The coupled partial differential equations governing the fluid flow problem are solved analytically for fluid 
velocity, temperature and species concentration using Laplace transform method. To examine the physical characteristic of this problem the graphs 
for velocity, temperature, species concentration, skin friction, Nusselt number and Sherwood number distributions are computed and generated for 
various values of different pertinent flow parameters. It is observed that for small thermal diffusion, the free stream value of velocity and temperature 
are achieved nearer to the plate in comparison to that for large thermal diffusion.   
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1. INTRODUCTION 

Investigations made on hydromagnetic natural convection flow over a 
vertical surface has attracted attention of many researchers during past 
few decades due to its occurrence in many natural phenomenon and 
technological situations. Hydromagnetic natural convection flow of an 
electrically conducting, heat absorbing and chemically reacting fluid 
has been extensively studied due to its various practical applications 
viz. MHD pumps, MHD generators, oil exploration, nuclear power 
plants, gas turbines, aircrafts, space vehicles, geothermal energy 
extraction and fluids undergoing exothermic and endothermic chemical 
reaction etc. Raptis and Singh (1983) studied the effect of uniform 
transverse magnetic field on the free convection flow of an electrically 
conducting fluid past a uniformly as well as impulsively accelerated 
vertical plate. Hsieh et al. (1993) has obtained non similarity solution 
for mixed convection flow over a vertical flat plate embedded in a 
porous medium with variable surface temperature and variable surface 
heat flux. Kim (2000) studied unsteady MHD convective heat transfer 
flow past a impulsively moving semi-infinite vertical porous plate in 
the presence of a transverse magnetic field. An analytical solution for 
unsteady MHD convective heat and mass transfer flow past an infinite 
vertical porous plate embedded in porous medium with heat source/sink 
is presented by Kamel (2001). Israel-cookey and Tay (2002) studied 
unsteady flow of a radiating hydromagnetic fluid past an infinite flat 
plate when the radiative heat flux is presented in the general differential 
form. Israel-Cookey et al. (2003) investigated the influence of viscous 
dissipation and radiation on unsteady magnetohydrodynamic free 

convection flow past an infinite heated vertical plate in a porous 
medium with time dependent suction. An analytical study of unsteady 
MHD convective heat and mass transfer flow past a semi infinite 
vertical permeable moving plate in the presence of uniform transverse 
magnetic field and thermal and concentration buoyancy effects is 
carried by Chamkha (2004). A study on unsteady MHD flow of an 
electrically conducting and radiating fluid over a moving heated vertical 
porous plate with time dependent suction is presented by Israel-Cookey 
and Nwaigwe (2010). Seth and Ansari (2010) studied hydromagnetic 
natural convection flow of a viscous incompressible electrically 
conducting and heat absorbing fluid past an impulsively moving 
vertical plate with ramped wall temperature in a porous medium, in the 
presence of thermal diffusion. Pal and Talukdar (2011) studied the 
interaction of convection and thermal radiation on unsteady 
hydromagnetic heat and mass transfer flow past a semi infinite vertical 
moving plate embedded in a porous medium in the presence of heat 
absorption and first order chemical reaction. Magnetohydrodynamics 
free convection flow of a radiating and chemically reacting fluid past an 
impulsively moving plate with ramped wall temperature is discussed by 
Das (2012). Samiulhaq et al. (2012) presented an exact analysis of 
unsteady magnetohydrodynamic flow past an impulsively started 
vertical plate embedded in a porous medium in the presence of thermal 
diffusion and ramped wall temperature. Nandkeolyar et al. (2013) 
investigated unsteady hydromagnetic natural convection flow of a dusty 
fluid past an impulsively moving vertical plate with ramped 
temperature in the presence of thermal radiation. Kundu et al. (2014) 
considered unsteady MHD free convection mass transfer boundary 
layer flow of an incompressible electrically conducting fluid past an 
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accelerated infinite vertical plate embedded in a porous medium with 
ramped wall temperature. Interaction of electromagnetic force to the 
Coriolis force plays a vital role in determining the flow features of 
hydromagnetic fluid flow problems. Study of influence of Coriolis 
force on hydromagnetic natural convection flow is significant because 
of several geophysical and fluid engineering problems are governed by 
interaction of Coriolis force and electromagnetic force. Keeping in view 
the importance of such study Bestman and Adjepong (1988) 
investigated unsteady hydromagnetic free convection flow near a 
moving infinite flat plate in a rotating medium with radiating heat 
transfer. Mbeledogu and Ogulu (2007) obtained analytical closed form 
solution of unsteady hydromagnetic natural convection flow of a 
rotating, incompressible, viscous Boussinesq fluid in the presence of 
radiative heat transfer and first order chemical reaction. The influence 
of radiation and rotation on unsteady hydromagnetic free convection 
flow past an impulsively moving infinite vertical plate with ramped 
temperature in a porous medium is investigated by Seth et al. (2013). 
Jonah Philliph et al. (2014) considered the problem of rotating 
magnetohydrodynamic heat and mass transfer free convection flow past 
an exponentially accelerated isothermal vertical plate in the presence of 
variable mass diffusion. It is observed that the effect of Hall current 
become significant when an ionized fluid with low density is permeated 
by a strong magnetic field (Sato, 1961). Seth et al. (2015) made an 
investigation on unsteady MHD natural convection flow past an 
exponentially accelerated vertical plate with ramped temperature 
through a porous medium with Hall effects and heat absorption. The 
combined effects of Hall current and rotation on unsteady MHD natural 
convection flow with heat and mass transfer past an impulsively 
moving vertical plate embedded in a porous medium in the presence of 
thermal and mass diffusion is presented by Seth et al. (2014). 
 

In the problem studied by Jonah Philliph et al. (2014), the 
influence of Hall current, permeability of the medium, heat 
absorption/radiation and chemical reaction are not considered. 
Although these system parameters play significant role in determining 
the flow features of the hydromagnetic natural convection flows. Seth et 
al. (2014) extended the works of Seth et al. (2013) and Jonah Philliph et 
al. (2014) and investigated the influence of Hall current, permeability 
of the medium, heat absorption/radiation and chemical reaction on 
hydromagnetic natural convection flow past an impulsively moving 
isothermal vertical plate with uniform species concentration. Seth et al. 
(2015) considered the influence of Hall current, permeability and heat 
absorption on hydromagnetic natural convection flow past an 
exponentially accelerated vertical plate with ramped plate temperature 
but they have not considered the effect of rotation and species 
concentration in their problem. In the present research paper we have 
extended the work of Jonah Philliph et al. (2014) and Seth et al. (2015) 
and presented an analytical study on combined effects of Hall current 
and rotation on unsteady hydromagnetic heat and mass transfer natural 
convection flow past an exponentially accelerated vertical plate in a 
uniform porous medium with variable species concentration and 
uniform/variable plate temperature. It has been noticed from present 
analytical study that, Hall current accelerates fluid flow in the primary 
flow direction whereas Coriolis force decelerates it while both the Hall 
current and Coriolis force accelerate fluid flow in the secondary flow 
direction. Both the thermal diffusion and mass diffusion accelerate fluid 
flow in both the primary and secondary flow directions. Coriolis force 
enhances skin friction in both the primary and secondary flow 
directions while Hall current reduces skin friction in the primary flow 
direction and enhances in the secondary flow direction. For small 
thermal diffusion, the free stream value of velocity and temperature are 
achieved nearer to the plate in comparison to that for large thermal 
diffusion. When Darcian drag force is strong, the skin friction in the 
primary flow direction sharply decreasing whiles the skin friction in the 
secondary flow direction sharply increasing. 

2. MATHEMATICAL MODEL OF THE PROBLEM 

Cartesian coordinate system  , ,x y z    is considered as frame of 

reference for unsteady hydromagnetic heat and mass transfer flow of an 
incompressible, viscous, electrically conducting, heat absorbing and 
chemically reacting fluid past a vertical plate in a uniform porous 
medium. x -axis is chosen in such a way that it is along the plate in 
upward direction, y -axis is normal to the plane of the plate and z -
axis is perpendicular to x y  -plane. Flow past vertical plate is 

permeated by a uniform transverse magnetic field 0B
 
applied along 

y -direction. The fluid and the plate rotate unison as rigid body with 

uniform angular velocity 


 about y -axis. Initially, at time 0,t   the 
fluid and plate are at rest. The temperature and species concentration at 
the plate are assumed to be T  and C  respectively. Suddenly, at time 

0,t   the plate is assumed to be exponentially accelerated with 

velocity 
2
0 /

0
U tU e   in the vertical upward direction, where 0U is a 

uniform velocity. At the same time the species concentration near the 
plate raised linearly with time t  to   2

0 / .wC C C U t        We have 

considered two particular cases for plate temperature:  
(i) Uniform plate temperature: At time 0,t   the plate temperature is 

raised to wT  . 

(ii) Ramped plate temperature: At time 0,t   the plate temperature is 

raised linearly with time t  to   2
0 /wT T T U t        when 

2
00 /t U   and thereafter it is maintained at uniform 

temperature wT 
 
when 2

0/t U  . 

Since plate is electrically non-conducting and is of infinite extent along 
x and z -directions, so all physical quantities will be function of y  

and t  only. The physical model of the problem is presented in Fig.1. 
 

 
 

Fig. 1 Physical model of the problem. 
 

The fluid considered is emitting/absorbing radiation but non-
scattering. It is also assumed that a homogeneous chemical reaction of 
first order take place with constant rate K   between the diffusion 
species and fluid particles. There is no applied or polarization voltages 

imposed on the flow-field so the electric field E


 is assumed to be zero. 
The induced magnetic field generated by fluid motion is assumed to be 
negligible in comparison to applied one because fluid is assumed to be 
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partially ionized and the magnetic Reynold’s number 1mR   (Cramer 

and Pai, 1973). In the essence of above made assumptions the 
governing equations for unsteady hydromagnetic heat and mass transfer 
natural convection flow past an exponentially accelerated vertical plate 
in a porous medium in the presence of thermal and mass diffusions with 
Hall current and rotation under usual Boussinesq’s approximation are 
given by 
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   

 

2 2
0

2 2
2

1

,

T

C

u w mu u B
w g T T

t y m

u
g C C

k

 








          
   


   



                (1) 

 
 

2 2
0

2 2
2 ,

1

w u mw w B w
u

t y km

 


        
    

                 (2) 

 
2

0
2

,
p p

T k T Q
T T

t C y C  

      
  

                  (3) 

 
2

2
,

C C
D K C C

t y 

       
  

                  (4) 

where andu w  are velocity components in andx z  -directions 

respectively,   is coefficient of viscosity,   is fluid density, m  is 

Hall current parameter, g  is acceleration due to gravity, andT C   

are volumetric coefficient of thermal and species concentration 
expansions respectively, T   is fluid temperature, C  is species 
concentration, k is permeability of flow medium, k  is thermal 
conductivity, pC  is specific heat at constant pressure, 0Q  is heat 

absorption coefficient, D  is chemical molecular diffusivity and K   is 
chemical reaction parameter.    
 
The initial and boundary conditions correspond to the two particular 
cases of fluid flows are given below: 

For uniform plate temperature: 

0 : 0, , ,t u w T T C C y                               (5) 
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              (6) 

For ramped plate temperature: 

0 : 0, , ,t u w T T C C y                               (7) 

 
 

2
0 / 2

0 0

2
0

2
0

2
0

, 0, / ,

/

0 : when 0 / , at 0;

when / ,

0, 0, , as y .

U t
w

w

w

u U e w C C C C U t

T T T U t

t T t U y

T t U

u w T T C C

 








 

 

 

           

      
          
     
           

               (8) 

We now define the following non-dimensional quantities: 

       

2
0 0 0 0/ , / , / , / ,

/ , / .w w
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Using above defined non-dimensional quantities and ,F u iw   the 
Eqs. (1)-(4) assume the following form 
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where 2 2
0/K U   is rotation parameter, 2 2 2

0 0/M B U    is 

magnetic parameter,   3
0/T T wG g T T U       is thermal Grashof 

number,   3
0/C C wG g C C U       is solutal Grashof number, 

2 2
1 0 /k k U   is permeability parameter, /r pP C k   Prandtl 

number, 2
0 0/ pQ C U    is heat absorption parameter, /cS D is 

Schmidt number and 2
1 0/K K U  is chemical reaction parameter. 

 
The non-dimensional initial and boundary conditions for fluid flows are 

For uniform plate temperature: 
 

0 : 0, 0, 0 ,t F C y                 (12) 
, 1, at 0;
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               (13) 

For ramped plate temperature: 
 

0 : 0, 0, 0t F C y     ,                (14) 

when 0 1,
, , , at  0;

0 : 1 when 1
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t t t
F e C t y

t t
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               (15) 

The mathematical model of the present physical problem is now 
complete and represented by Eqs. (9)-(11) subject to the initial and 
boundary  conditions (12)-(13) and (14)-(15). 

3. SOLUTION OF THE PROBLEM 

Now we shall find the analytical solution of governing Eqs. (9)-(11) 
subject to the initial and boundary conditions (12)-(13) and (14)-(15) 
using Laplace transform method.  

Laplace transform of Eqs. (9)-(11), using initial condition (12)/(14), 
yield 
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where 

       
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

  is Laplace parameter. 

The boundary conditions (13) and (15) after taking Laplace transform 
assume the following form 
For uniform plate temperature: 
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For ramped plate temperature: 
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Solving Eqs. (16)-(18) subject to the boundary conditions (19) and (20) 
and then inverting, the solution for fluid velocity, temperature and 
species concentration are obtained, and are represented by 
 
For uniform plate temperature: 
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For ramped plate temperature: 
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Solutions (21) and (24) are not valid when 1rP   and 1cS   

which corresponds to those fluids whose viscous, thermal and 
concentration boundary layer thickness are of same order of magnitude. 
For such fluids velocity can be obtained by putting 1rP   and 1cS   

in Eqs. (17) and (18), solving Eqs. (16)-(18) subject to the boundary 
conditions (19) and (20) and then inverting. In this case of solutions for 
velocity field are given by 

 
For uniform plate temperature: 
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(27) 

 
For ramped plate temperature: 
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 (28) 

 

4. SKIN FRICTION 

The skin friction x  and z  in primary and secondary flow directions 

in case of uniform plate temperature and ramped plate temperature 
when 1and 1r cP S  , are given by  

 
For uniform plate temperature: 
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    (29) 
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For ramped plate temperature: 
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where  
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The skin friction x  and z  in primary and secondary flow directions 

in case of uniform plate temperature and ramped plate temperature 
when 1 and 1r cP S  , are given by 

 
For uniform plate temperature: 
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        (31) 

 
For ramped plate temperature: 
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5. NUSSELT NUMBER 

The Nusselt number uN  in case of uniform plate temperature and 

ramped plate temperature are given by 
 
For uniform plate temperature: 
 

 3 , , ,0 .u rN F t P                   (33) 

 
For ramped plate temperature: 
 

     4 4, , ,0 1 1, , ,0 .u r rN F t P H t F t P                    (34) 

6. SHERWOOD NUMBER 

The Sherwood number hS  in case of both uniform plate temperature 

and ramped plate temperature is given by 

 4 1, , ,0 .h cS F t S K                  (35) 

7. RESULTS AND ANALYSIS 

To examine the physical characteristic of this problem the graphs for 
velocity, temperature, species concentration, skin friction, Nusselt 
number and Sherwood number distributions are computed and 
generated for various values of different pertinent flow parameters. In 
the numerical computation the boundary condition y   is 

approximated by maxy  which is sufficiently large for velocity, 

temperature and species concentration to approach their free stream 
value. It can be observed from Figs. 2-15 that the fluid velocity in the 
primary flow direction, fluid temperature and species concentration 
attain their maximum value at the surface of the plate while the fluid 
velocity in the secondary flow direction attains its maximum value in 
the vicinity of the plate and thereafter these are decreasing on 
increasing boundary layer parameter y  to approach their free stream 
values. Figs. 2 depict that in case of both the uniform and ramped plate 
temperature, fluid velocity in both the primary and secondary flow 
directions increase on increasing Hall current parameter m . This shows 
that Hall current tends to enhance fluid velocity in both the primary and 
secondary flow directions. The usual nature of Hall current is to induce 
fluid flow in the secondary flow direction, our result comply it. This 
result equally agrees with the result of Seth et al. (2014, 2015).  
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(a) Uniform plate temperature 
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(b) Ramped plate temperat 

Fig. 2 Velocity distribution when 2 2
11, 9, 0.3, 4,TK M k G     

15, 0.71, 0.22, 1, 0.2 and 0.5     C r cG P S K t : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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Figs. 3 display that in case of both the uniform and ramped plate 
temperature, fluid velocity in the primary flow direction decreases 
whereas the fluid velocity in the secondary flow direction increases on 

increasing rotation parameter 2K . This concludes that Coriolis force 
tends to reduce fluid velocity in the primary flow direction whereas it 
has reverse nature on the fluid velocity in the secondary flow direction. 
Similar to Hall current the usual nature of Coriolis force is to generate 
fluid flow in the secondary flow direction, our result agrees with it. This 
result also agrees with the result of Seth et al. (2013, 2014).  
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 3 Velocity distribution when 2
10.75, 9, 0.3, 4,Tm M k G     

15, 0.71, 0.22, 1, 0.2 and 0.5C r cG P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
 
Figs. 4 represent that in case of both the uniform and ramped plate 
temperature, the fluid in the primary flow direction decreases whereas 
the fluid velocity in the secondary flow direction increases in the 
vicinity of the plate and it decreases in the region away from the plate 

on increasing magnetic parameter 2M . This indicates that magnetic 
field (Lorentz force) tends to reduce fluid velocity in the primary flow 
direction and secondary flow direction in the region away from the 
plate whereas this nature is reversed on the fluid velocity in the 
secondary flow direction in the vicinity of the plate. Similar to drag 
force the usual nature of Lorentz force is to resist the main flow 
(primary flow), our result agrees with it. This result also corresponds to 
those of Kim (2000), Israle-Cookey and Nwaigwe (2010), Jonah 
Philliph et al. (2014) and Seth et al. (2014) which revealed that 
increased magnetic parameter decreases the primary fluid velocity. 
Figs. 5 demonstrate that in case of both the uniform and ramped plate 
temperature, fluid velocity in both the primary and secondary flow 
directions increase on increasing permeability parameter 1k , which 

implies that permeability tends to enhance fluid velocity in both the 
primary and secondary flow directions i.e. Darcian drag force tends to 
reduce fluid velocity in both the primary and secondary flow directions 
(when permeability is weak, Darcian drag force is strong). 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 4 Velocity distribution when 2
10.75, 1, 0.3, 4,Tm K k G     

15, 0.71, 0.22, 1, 0.2 and 0.5C r cG P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 5 Velocity distribution when 2 20.75, 1, 9, 4,Tm K M G     

15, 0.71, 0.22, 1, 0.2 and 0.5C r cG P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 6 Velocity distribution when 2 2
10.75, 1, 9, 0.3,m K M k     

15, 0.71, 0.22, 1, 0.2 and 0.5C r cG P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 7 Velocity distribution when 2 2
10.75, 1, 9, 0.3,m K M k     

14, 0.71, 0.22, 1, 0.2 and 0.5T r cG P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 

Pr �0.03, 0.71, 1.5

u
w

0 1 2 3 4 5
0.0

0.5

1.0

1.5

y

�u,w�
 

(b) Ramped plate temperature 

Fig. 8 Velocity distribution when 2 2
10.75, 1, 9, 0.3,m K M k     

14, 5, 0.22, 1, 0.2 and 0.5T C cG G S K t      : (a) uniform plate 

temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 

Sc � 0.22, 0.78, 2

u

w

0.0 0.5 1.0 1.5 2.0 2.5
0.0

0.5

1.0

1.5

y

�u,2w�

 

(b) Ramped plate temperature 

Fig. 9 Velocity distribution when 2 2
10.75, 1, 9, 0.3,m K M k     

14, 5, 0.71, 1, 0.2 and 0.5T C rG G P K t      : (a) uniform plate 

temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 10 Velocity distribution when 2 2
10.75, 1, 9, 0.3,m K M k     

14, 5, 0.71, 0.22, 0.2 and 0.5T C r cG G P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 11 Velocity distribution when 2 2
10.75, 1, 9, 0.3,m K M k     

4, 5, 0.71, 0.22, 1 and 0.5T C r cG G P S t      : (a) uniform plate 

temperature and (b) ramped plate temperature. 

Figs. 6 and 7 exhibit that incase of both the uniform and ramped 
plate temperature, fluid velocity in both the primary and secondary flow 
directions increase on increasing thermal Grashof number TG  and 

solutal Grashof number CG . This concludes that both the thermal and 

species concentration buoyancy forces tend to enhance fluid velocity in 
both the primary and secondary flow directions which agrees with the 
results obtained by Israle-Cookey and Nwaigwe (2010) and Seth et al. 
(2014). Figs. 8-11 show that in case of both the uniform and ramped 
plate temperature, fluid velocity in both the primary and secondary flow 
directions decrease on increasing Prandtl number rP , Schemidt 

number cS , heat absorption parameter   and chemical reaction 

parameter 1K . Prandtl number and Schemidt number measures the 

relative strength of viscosity to the thermal diffusivity (thermal 
diffusion) and chemical molecular diffusivity (mass diffusion) 
respectively. Since there is inverse relation between Prandtl number and 
Schemidt number to the thermal diffusivity and chemical molecular 
diffusivity respectively. This implies that both the thermal and mass 
diffusions tend to enhance fluid velocity in both the primary and 
secondary flow directions whereas heat absorption and chemical 
reaction have reverse effect on these which agrees with the results of 
Jonah Philliph et al. (2014) and Seth et al. (2014, 2015). 

Figs. 12 and 13 represent that in case of both the uniform and 
ramped plate temperature, fluid temperature decreases on increasing 
Prandtl number rP  and heat absorption parameter    which indicates 

that thermal diffusion tends to enhance fluid temperature whereas heat 
absoption has reverse effect on it. Figs .14 and 15 illustrate that in case 
of both the uniform and ramped plate temperature, species 
concentration decreases on increasing Schemidt number cS  and 

chemical reaction parameter 1K  which concludes that mass diffusion 

tends to enhance species concentration whereas chemical reaction has 
reverse effect on it. This result comply the results of Jonah Philliph et 
al. (2014) and Seth et al. (2014). It is also observed from Figs. 8 and 12 
that for small thermal diffusion, the free stream value of velocity and 
temperature are achieved nearer to the plate in comparison to the large 
thermal diffusion. 

Figs. 16 depict that in case of both the uniform and ramped plate 
temperature, skin friction in both the primary and secondary flow 

directions increase on increasing rotation parameter 2K . Skin friction 
in the primary flow direction decreases whereas the skin friction in the 
secondary flow direction increases on increasing Hall current 
parameter m . This implies that Coriolis force tends to enhance skin 
friction in both the primary and secondary flow directions while Hall 
current tends to reduce skin friction in the primary flow direction 
whereas this effect is reversed on the skin friction in the secondary flow 
direction.Figs. 17 exhibit that in case of both the uniform and ramped 
plate temperature, skin friction in both the primary and secondary flow 

directions increase on increasing magnetic parameter 2M . Skin friction 
in the primary flow direction decreases whereas the skin friction in the 
secondary flow direction increases on increasing permeability 
parameter 1k . This reveals that magnetic field (Lorentz force) tends to 

enhance skin friction in both the primary and secondary flow directions 
while permeability tends to reduce skin friction in the primary flow 
direction whereas this effect is reversed on the skin friction in the 
secondary flow direction. It is also observed from Figs. 17 that Darcian 
drag force is strong, the skin friction in the primary flow direction 
decreases sharply whereas the skin friction in the secondary flow 
direction increases sharply and when Darcian drag force is weak, the 
skin friction in both the primary and secondary flow directions vary 
linearly with permeability. Figs. 18 show that in case of both the 
uniform and ramped plate temperature, skin friction in the primary flow 
direction decreases whereas skin friction in the secondary flow 
direction increases on increasing both the thermal Grashof number TG  

and solutal Grashof number CG . This implies that both the thermal and 



Frontiers in Heat and Mass Transfer (FHMT), 7, 24 (2016)
DOI: 10.5098/hmt.7.24

Global Digital Central
ISSN: 2151-8629

  9

species concentration buoyancy forces tend to reduce skin friction in 
the primary flow direction whereas these have reverse effect on the skin 
friction in the secondary flow direction. 
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Fig. 12 Temperature distribution in case of both uniform and ramped 
plate temperature when 1  . 
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Fig. 13 Temperature distribution in case of both uniform and ramped 
plate temperature when 0.71rP  . 
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Fig. 14 Concentration distribution in case of both uniform and ramped 
plate temperature when 1 0.2K  . 
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Fig. 15 Concentration distribution in case of both uniform and ramped 
plate temperature when 0.22cS  . 
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(a) Uniform plate temperature 

K2 �1, 3, 5

�x

�z

0.4 0.6 0.8 1.0 1.2
1

2

3

4

5

m

��� x,�
z�

 

(b) Ramped plate temperature 

Fig. 16 Skin friction distribution when 2
19, 0.3, 4,TM k G    

15, 0.71, 0.22, 1, 0.2 and 0.5C r cG P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 17 Skin friction distribution when 20.75, 1, 4,Tm K G    

15, 0.71, 0.22, 1, 0.2 and 0.5C r cG P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 18 Skin friction distribution when 2 20.75, 1, 9,m K M    

1 10.3, 0.71, 0.22, 1, 0.2 and 0.5r ck P S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 19 Skin friction distribution when 2 20.75, 1, 9,m K M    

1 10.3, 4, 5, 0.22, 0.2 and 0.5T C ck G G S K t      : (a) uniform 

plate temperature and (b) ramped plate temperature. 
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(a) Uniform plate temperature 
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(b) Ramped plate temperature 

Fig. 20 Skin friction distribution when 2 20.75, 1, 9,m K M    

1 0.3, 4, 5, 0.71, 1 and 0.5T C rk G G P t      : (a) uniform plate 

temperature and (b) ramped plate temperature. 
 
Figs. 19 exhibit that in case of both the uniform and ramped plate 
temperature, skin friction in the primary flow direction increases 
whereas skin friction in the secondary flow direction decreases on 
increasing both the Prandtl number rP  and heat absorption 

parameter , which indicates that thermal diffusion tends to reduce skin 
friction in the primary flow direction whereas heat absorption has 
reverse effect on it. These effects are reversed on the skin friction in the 
secondary flow direction.Figs. 20 illustrate that in case of both the 
uniform and ramped plate temperature, skin friction in the primary flow 
direction increases whereas skin friction in the secondary flow direction 
decreases on increasing both the Schemidt number cS  and chemical 

reaction parameter 1K , which concludes that mass diffusion tends to 

reduce skin friction in the primary flow direction whereas chemical 
reaction has reverse effect on it. These effects are reversed on the skin 
friction in the secondary flow direction. 
 

Pr �1.5, 0.71, 0.03

Uniform Temperature

Ramped Temperature

1 2 3 4 5

0.5

1.0

1.5

2.0

2.5

�

��N u�

 

Fig. 21 Nusselt number distribution in case of both uniform and 

ramped plate temperature. 
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 Fig. 21 represents that in case of both the uniform and ramped plate 
temperature, Nusselt number uN  increases on increasing both the 

Prandtl number rP  and heat absorption parameter . This implies that 

thermal diffusion tends to reduce rate of heat transfer at the plate 
whereas heat absorption has reverse effect on it. Fig. 22 shows that in 
case of both the uniform and ramped plate temperature, Sherwood 
number hS  increases on increasing both the Schemidt number cS  and 

chemical reaction parameter 1K , this implies that mass diffusion tends 

to reduce the rate of mass transfer at the plate whereas chemical 
reaction has reverse effect on it. 
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Fig. 22 Sherwood number distribution in case of both uniform and 

ramped plate temperature. 

8. CONCLUSIONS 

A mathematical analysis has been presented for unsteady 
hydromagnetic heat and mass transfer natural convection flow past an 
exponentially accelerated vertical plate in a uniform porous medium 
taking Hall current and rotation into account with variable species 
concentration and uniform/variable plate temperature. Hall current 
tends to enhance fluid velocity in the primary flow direction whereas 
Coriolis force and magnetic field have reverse effect on it. Both the 
Hall current and Coriolis force tend to enhance fluid velocity in the 
secondary flow direction. Magnetic field tends to enhance fluid velocity 
in the secondary flow direction in the vicinity of the plate whereas this 
effect is reversed in the region away from the plate. Thermal buoyancy 
force, species concentration buoyancy force, thermal diffusion and 
mass diffusion tend to enhance fluid velocity in both the primary and 
secondary flow directions whereas Darcian drag force, heat absorption 
and chemical reaction have reverse effect on these. Thermal diffusion 
tends to enhance fluid temperature whereas heat absorption has reverse 
effect on it. Mass diffusion tends to enhance species concentration 
whereas chemical reaction has reverse effect on it. Both the Coriolis 
force and magnetic field tend to enhance skin friction in both the 
primary and secondary flow directions. Hall current, thermal buoyancy 
force, thermal diffusion and mass diffusion tend to reduce skin friction 
in the primary flow direction whereas Darcian drag force, heat 
absorption and chemical reaction have reverse effect on it. These effects 
are reversed on the skin friction in the secondary flow direction. 
Thermal diffusion tends to reduce the rate of heat transfer at the plate 
whereas heat absorption has reverse effect on it. Mass diffusion tends to 
reduce the rate of mass transfer at the plate whereas chemical reaction 
has reverse effect on it. For small thermal diffusion, the free stream 
value of velocity and temperature are achieved nearer to the plate in 
comparison to that for large thermal diffusion. When Darcian drag force 
is strong, the skin friction in the primary flow direction sharply 
decreasing whiles the skin friction in the secondary flow direction 
sharply increasing. 
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NOMENCLATURE 

C  non-dimensional species concentration 

C  species concentration 3( / )mol m  

pC  specific heat at constant pressure ( / . )J kg K  

D  chemical molecular diffusivity 2( / )m s   

g  acceleration due to gravity 2( / )m s  

CG  solutal Grashof number 

TG  thermal Grashof number  

k  thermal conductivity of the fluid ( / . )W m K  

k  permeability 2( )m  

K  rotation parameter 

1k  permeability parameter  

1K  chemical reaction parameter 

m   Hall current parameter 
M  magnetic parameter 

uN  Nusselt number 

rP  Prandtl number 

0Q  heat absorption coefficient 2( / . )W m K  

cS  Schmidt number 

hS  Sherwood number 

t  non-dimentional time 
t  time ( )s  

T   fluid temperature ( )K  

u  velocity component in x -direction ( / )m s  
u  non-dimensitional velocity in x -direction 
w  velocity component in z -direction ( / )m s  
w  non-dimensitional velocity in z -direction 

, ,x y z    coordinate system ( )m  

y  non-dimentional coordinate normal to the plate 
 
Greek Symbols  
 

C  volumetric coefficient of thermal expansion 1( )K   

T  volumetric coefficient of species concentration expansion 

  kinematic viscosity 2( / )m s  

  heat absorption parameter 

  fluid density 3( / )kg m  

  electrical conductivity ( / )s m  

x  skin friction component in x -direction 

z  skin friction component in z -direction 

  non-dimensional fluid temperature 
 
Subscripts  
 
w  conditions at the plate 
  conditions in the free stream 
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