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Variable Temperature and Mass Diffusion 
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Abstract: The present study is carried out to examine the effects of radiation and Hall current on 
unsteady natural convection flow of a viscous, incompressible and electrically conducting fluid 
past an impulsively started inclined plate under the influence of transversely applied uniform 
magnetic field. The governing equations involved in the present analysis are solved by the Laplace-
transform technique. The results obtained are discussed with the help of graphs drawn for different 
parameters like thermal Grashof number, mass Grashof number, Prandtl number, Hall current 
parameter, radiation parameter, magnetic field parameter and Schmidt number. The numerical 
values obtained for skin-friction and Nusselt number have been tabulated. The results obtained are 
in agreement with the actual flow phenomenon. The motive of this study is to analyze radiation 
and the Hall effect on the flow model. In the study, we found that the velocity in the boundary 
layer increases with the values of radiation and Hall current parameters. It is also observed that 
radiation and the Hall current increase the drag at the plate surface. 

Keywords: MHD flow; inclined plate; radiation effect; variable temperature; mass diffusion; Hall 
current. 

1. Introduction 

The study of MHD flow with heat and mass transfer plays important role in different areas of 
science and technology like chemical engineering, mechanical engineering, petroleum engineering, 
biomechanics, irrigation engineering and aerospace technology. The study of radiation and Hall 
effects on MHD flow is also significant in many cases. Some problems related to radiation effect 
are mentioned here. Radiation effect on free convection flow past a semi-infinite vertical plate was 
analyzed by Soundalgekar and Takhar [1]. Hall effect on magnetohydrodynamic boundary layer 
flow over a continuous moving flat plate was studied by Pop and Watanabe [2]. Radiation effect 
on mixed convection along a vertical plate with uniform surface temperature was considered by 
Hossain and Takhar [3]. Takhar et al. [4] have analyzed radiation effect on MHD free convection 
flow of a radiating gas past a semi-infinite vertical plate. Raptis and Massals [5] have investigated 
magnetohydrodynamics flow past a plate in the presence of radiation. Raptis along with Perdikis 
[6] have worked on radiation and free convection flow past a moving plate. Radiative free 
convective non-Newtonian fluid flow past a wedge embedded in a porous medium was studied by 
Chamkha et al. [7]. Mebine [8] has investigated radiation effect on MHD Couette flow with heat 
transfer between two parallel plates. Radiation and mass transfer effects on the 
magnetohydrodynamic unsteady flow induced by a stretching sheet was investigated by Hayat et 
al. [9]. Combined effects of MHD and radiation on unsteady transient free convection flow 
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between two long vertical parallel plates with constant temperature and mass diffusion was studied 
by Rajput and Sahu [10]. Rani et al. [11] have developed Hall current effect on convective heat 
and mass transfer flow of viscous fluid in a vertical wavy channel. Aligned magnetic field, 
radiation and rotation effects on unsteady hydromagnetic free convection flow past an impulsively 
moving vertical plate in a porous medium was presented by Sandeep et al. [12]. Sandeep et al. [13] 
have discussed radiation and inclined magnetic field effects on unsteady MHD convective flow 
past an impulsively moving vertical plate in a porous medium. Recently many others researchers 
[14-18] analyzed the effect of radiation effect on MHD flow past an impulsively started vertical 
plate with heat and mass transfer. Reddy et al. [19] have approached thermo diffusion and Hall 
current effects on an unsteady flow of a nano fluid under the influence of inclined magnetic field. 
We are considering the radiation effect on unsteady MHD flow past an impulsively started inclined 
plate with variable temperature and mass diffusion in the presence of Hall current. The results are 
shown with the help of graphs and table.  

2. Mathematical Analysis 

The geometric model of the problem is shown in Figure 1. The x axis is taken along the plane 
and z normal to it. The plate is inclined at angle α from vertical. A transverse magnetic field B0 of 
uniform strength is applied on the flow. During the motion, the direction of the magnetic field 
changes along with the plate in such a way that it always remains perpendicular to it. This means, 
the magnetic field is stationary with the plate. Initially it has been considered that the plate as well 
as the fluid is at the same temperature T∞. The species concentration in the fluid is taken as C∞. 
At time t > 0, the plate starts moving with a velocity u0 in its own plane, and temperature of the 
plate is raised to Tw. The concentration C near the plate is raised linearly with respect to time. 

Figure 1. Geometric model 

The flow modal is as under: 
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The corresponding initial and boundary conditions are 
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  CC  ,TT  0,v  0,u   as z . 

Here u is the primary velocity, v-the secondary velocity, g-the acceleration due to gravity,  -

volumetric coefficient of thermal expansion, t-time, )( eem   is the Hall current parameter with 

e -cyclotron frequency of electrons and e -electron collision time, T-temperature of the fluid, 
* -volumetric coefficient of concentration expansion, C-species concentration in the fluid, v-the 

kinematic viscosity,  -the density, pC -the specific heat at constant pressure, k-thermal 

conductivity of the fluid, D-the mass diffusion coefficient, wT -temperature of the plate at z= 0, 

wC -species concentration at the plate z= 0, 0B -the uniform magnetic field, and  - the electrical 

conductivity. 
The local radiant for the case of an optically thin gray gas is expressed by 
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where *a  is absorption constant. Considering the temperature difference within the flow 
sufficiently small, 4T  can be expressed as the linear function of temperature. This is 
accomplished by expanding 4T in a Taylor series about T and neglecting higher-order terms. 
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Using equations (6) and (7), equation (4) becomes 
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The following non-dimensional quantities are introduced to transform equations (1), (2), (3) and 
(8) into dimensionless form: 



U. S. Rajput and Gaurav Kumar 

174   Int. J. Appl. Sci. Eng., 2017. 14, 3 

.
υ

tu
t  ,

)C(C

)C(C
C  ,

u

)C(Cgβ
G  ,

ρu

υσB
  M,

u

TTg
G

ku

T16a
R ,

k

μc
P  ρυ,μ  ,

D

υ
  S,

)T(T

)T(T
θ  ,

u

v
v  ,

u

u
u  ,

υ

zu
z

2
0

w
3

0

w
*

m2
0

2
0w

r

*
p

rc
w00

0

































3
0

2
0

32

)(

,

 (9) 

Here u is the dimensionless primary velocity, v -the secondary velocity, t -dimensionless time, 
 -the dimensionless temperature, C -the dimensionless concentration, rG -thermal Grashof 

number, mG - mass Grashof number,  -the coefficient of viscosity, R-Radiation parameter, rP -

the Prandtl number, cS -the Schmidt number, and M-the magnetic parameter. Thus the model 

becomes 
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The corresponding boundary conditions become 

0,C  0,θ  0,v  0,u:0t   for all z , 
,tC  ,tθ  0,v  1,u:0t   at z =0, (14) 

0,C  0,θ  0,v  0,u   as z   

Dropping bars in the above equations, we get 
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The boundary conditions are 

0,C 0,θ 0,v 0,u:0t   for all z, 
t,C  t,θ  0,v 1,u:0t   at z=0,     (19) 

0,C  0,θ  0,v  0,u   as z . 
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Combining equations (15) and (16), the model becomes 
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Finally, the boundary conditions become: 

0,C 0,θ 0,q:0t   for all z, 

t,C t,θ 1,q:0t   at z=0,  (23) 

0,C  0,θ  0,q   as z . 
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The dimensionless governing equations (20) to (22), subject to the boundary conditions (23), 
are solved by the usual Laplace - transform technique. The solution obtained is as under: 

,]
2

[)
2

1( 4
2

2
















c
t

z
ccc Se
t

Sz

t

S
erfc

t

Sz
tC


 

,zRtR
tP

zPtR
erfcezRtR

tP

zPtR
erfc

R

e
θ

r

rzR2

r

r
zR-

)}2](
2

[)2](
2

[{
4







  

)]()222

(2[
2

)](
2

1
)1()

1([
)(2

)]1(2)(2)22([
4

)]1(2)()(2)(2[
)(42

1

10913

2
15

4
211816714

616

11
25132312

4123221233

2

cc

c
t

Sz

c
m

r

rr

rr
cc

zazam

r
zaza

r
zarza

SAAASat

SazAteSaz
a

CosG
RazAAA

P
R

PzAAPRt

atzAA
ARa

CosGP
SAAatSAeAaAe

a

CosG

PAA
a

R
aezARaetAAPAe

Ra

CosG
Aeq

c


































 

The expressions for the constants involved in the solution are given in the appendix. 
Skin Friction: the dimensionless skin friction at the plate z=0 is obtained by  
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Nusselt Number: the dimensionless Nusselt number at the plate z= 0 is given by  
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3. Result and Discussions  

The velocity profiles for different parameters like thermal Grashof number (Gr), magnetic field 
(M), Hall parameter (m), radiation (R) ,Prandtl number (Pr) and time (t) are shown from Figures 
2 to 19. Temperature profiles for different values of (Pr), (R) and time are shown in Figures 20 to 
22. It is observed from Figures 2 and 11 that the primary and secondary velocities of fluid decrease 
when the angle of inclination ( ) is increased. This is in agreement with the actual flow, since the 
velocity of the fluid must decrease with the increase of the inclination of the plate from vertical. 
Figures 3, 4, 12 and 13 show the buoyancy effect. It is observed that both the primary and 
secondary velocities increase on increasing thermal Grashof number (Gr) and mass Grashof 
number (Gm). This indicates that buoyancy force in the boundary layer region near the plate tends 
to accelerate primary and secondary velocities. Also, if Hall current parameter m is increased then 
u increases, while v gets decreased (Figures 5 and 14). It is observed from Figures 6 and 15 that 
the effect of increasing values of the parameter (M) results in decreasing u and increasing v. It is 
in agreement since the magnetic field establishes a force which acts against the main flow resulting 
in slowing down the velocity of fluid. It is deduced that when radiation parameter (R) is increased 
then the velocities are increased (Figures 7 and 16). Further, it is observed that velocities decrease 
when Prandtl number and Schmidt number are increased (Figures 8, 9, 17 and 18). In actual sense, 
the increase of Sc means decrease of molecular diffusivity (D). This shows that the process of 
diffusion will decrease. Further, from Figures 10 and 19, it is observed that velocities increase with 
time. It is observed that temperature decreases when Prandtl number and radiation parameter are 
increased (Figures 20 and 21). However, from Figure 22 it is observed that temperature increases 
with time. 

 
 
 

 

Figure 2. Velocity u for different values of        Figure 3. Velocity u for different values of Gm 
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Figure 4. Velocity u for different values of Gr         Figure 5. Velocity u for different values of m 
 

      

Figure 6. Velocity u for different values of M        Figure 7. Velocity u for different values of R 
 
 
 

    

Figure 8. Velocity u for different values of Pr        Figure 9. Velocity u for different values of Sc 
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Figure10. Velocity u for different values of t        Figure 11. Velocity v for different values of  
 
 
 
 

             

Figure12. Velocity v for different values of Gm         Figure 13. Velocity v for different values of Gr 
 
 
 

 

Figure 14. Velocity v for different values of m          Figure 15. Velocity v for different values of M 
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Figure16. Velocity v for different values of R            Figure 17. Velocity v for different values of Pr 
 

 
Figure18. Velocity v for different values of Sc        Figure 19. Velocity v for different values of t 

 
 
 

     

Figure 20. Temperature Profile for different values of Pr    Figure 21. Temperature Profile for different values of R 
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Figure 22. Temperature Profile for different values of t 

 
 
Skin friction is given in Table 1. The value of x  increases with the increase in thermal Grashof 

number, mass Grashof Number, Hall current parameter, radiation parameter and time; and it 
decreases with the angle of inclination of plate, the magnetic field, Prandtl number and Schmidt 
number. Similar effects are observed with y  except magnetic field and Hall parameter, in which 

case y  increases with magnetic field parameter, and decreases with Hall parameter. Nusselt 

number is given in Table 2. The value of Nu decreases with increase in Prandtl number, radiation 
parameter and time. 

 
 

Table 1. Skin friction for different parameters 
α (in degrees) M m Pr Sc Gm Gr R t x  y  

15 2 1 0.71 2.01 100 10 2 0.2 8103.61 2130.75 
30 2 1 0.71 2.01 100 10 2 0.2 7265.34 1910.40 
60 2 1 0.71 2.01 100 10 2 0.2 4194.01 1103.07 
30 3 1 0.71 2.01 100 10 2 0.2 6091.17 2319.00 
30 5 1 0.71 2.01 100 10 2 0.2 4245.42 2518.92 
30 2 3 0.71 2.01 100 10 2 0.2 9267.19 1576.14 
30 2 5 0.71 2.01 100 10 2 0.2 9705.47 1066.28 
30 2 1 7.00 2.01 100 10 2 0.2 -0284.03 3.42440 
30 2 1 0.71 3.00 100 10 2 0.2 7265.07 1910.40 
30 2 1 0.71 4.00 100 10 2 0.2 7264.89 1910.30 
30 2 1 0.71 2.01 10 10 2 0.2 7263.21 1910.37 
30 2 1 0.71 2.01 50 10 2 0.2 7264.16 1910.39 
30 2 1 0.71 2.01 100 50 2 0.2 36323.3 9550.93 
30 2 1 0.71 2.01 100 100 2 0.2 72645.7 19101.6 
30 2 1 0.71 2.01 100 10 3 0.2 9450.92 2786.04 
30 2 1 0.71 2.01 100 10 5 0.2 12657.8 4156.83 
30 2 1 0.71 2.01 100 10 2 0.3 17285.2 7494.89 
30 2 1 0.71 2.01 100 10 2 0.4 31655.0 20386.3 
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Table 2. Nusselt number for different parameters 
Pr R t Nu

0.71 2 0.4 -0.805273 
7.00 2 0.4 -1.959260 
0.71 3 0.4 -0.894014 
0.71 4 0.4 -0.976083 
0.71 2 0.5 -0.950956 
0.71 2 0.6 -1.094940 

 

4. Conclusion 

In this paper a theoretical analysis has been done to study the unsteady MHD flow past an 
impulsively started inclined plate with variable temperature and mass diffusion in the presence of 
Hall current. The results obtained are in agreement with the usual flow. It has been found that the 
velocity in the boundary layer increases with the values of Hall current and radiation parameter. It 
is also observed that the Hall current and radiation parameter increases the skin friction. Further, 
the temperature of the fluid near the plate and the Nusselt number decrease with the increase in 
radiation parameter. The results of this paper may be useful to study some important flows like - 
plasma in MHD power generators, enhanced oil recovery and filtration systems etc. 
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