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Soret effect on unsteady free convection flow of 
a dusty viscous fluid between two infinite flat 
parallel plates filled by a porous medium with 

inclined magnetic field 
R.Panneerselvi, P.Moheswari 

 
Abstract: In this paper, unsteady laminar free convective flow of a dusty viscous fluid through porous medium of non-conducting walls in 
the presence of inclined magnetic field with volume fraction and heat source is considered. Governing equations are solved by perturbation 
technique and the results are obtained for fluid and particle velocity, temperature of the dusty fluid at the inclined magnetic field and 
concentration with various parameters such as t (time), M (Magnetic parameter), Pr (Prandtl number), Gr (Grashof number), S (Heat 
source parameter), θ (Inclined magnetic field angle), ε3 (Porous parameter), (Volume fraction of dusty particles), p (Pressure gradient). 
From these it is observed that increase in inclined magnetic field angle causes the decrease of velocity in the fluid and fluid temperature 
increases by increase in heat source parameter.  
 
Key Words: Convective flow, inclined angle, Porous medium, Heat and Mass Grashof number Schmidt number , Soret number, Heat 
source, MHD, Dusty fluid.  
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1 INTRODUCTION                                                                     

The concept of heat transfer of a dusty fluid has a 
wide range of applications in air conditioning, refrigeration, 
pumps, accelerators, nuclear reactors, space heating, power 
generation, chemical processing, filtration and geothermal 
systems etc. The good example of heat transfer is the radiator 
in a car, in which the hot radiator fluid is cooled by the flow of 
air over the radiator surface. Chakraborty [8] studied MHD 
flow and heat transfer of a dusty viscoelastic stratified fluid 
down an inclined channel in porous medium under variable 
viscosity. Unsteady hydromagnetic flow and heat transfer 
from a non isothermal stretching sheet immersed in a porous 
medium was discussed by Chamkha [1].  

Daniel Simon [3] studied the effect of heat transfer on 
unsteady MHD couette flow between two infinite parallel po-
rous plates in an inclined magnetic field. They concluded that 
the temperature distribution decreases as Prandtl number in-
creases. Sandeep. N, Sugunamma. V [5] studied the 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. They concluded that increase in inclined 
magnetic field angle causes the decrease of velocity of the flu-
id and fluid temperature decreases by increase in heat source 

parameter. 
Idowu. A.S.  and Olabode. J.O. [2] investigated an un-

steady MHD poiseuille flow between two infinite parallel 
plates in an Inclined Magnetic field with Heat Transfer. Bha-
vana. M, Chenna Kesavaiah. D, Sudhakaraiah. A [4] studied 
the Soret effect on free Convective Unsteady MHD flow over a 
vertical plate with Heat source. P. Mohan Krishna, Sugunam-
ma. V, Sandeep. N [6] has investigated Magnetic field and 
chemical reaction effects on convective flow of dusty viscous 
fluid. They concluded that Temperature Profile decreases with 
increases of Prandtl number. Srikanth Rao. P and Mahendar. D 
[7] studied the Soret effect on unsteady MHD free convection 
flow past a semi-infinite vertical permeable moving plate. 
Singh. N. P and Atul kumar singh [10] studied the MHD ef-
fects on heat and Mass transfer in flow of a dusty viscous fluid 
with volume fraction. Hazem A. Attia [9] studied the Un-
steady MHD flow and heat transfer of dusty fluid between 
parallel plates with variable physical properties. Malashetty. 
M.S, Umavathi. J. C, and Prathap Kumar. J [11] studied the 
Convective magnetohydrodynamic fluid flow and heat trans-
fer in an inclined channel. 

In the present paper the laminar convective flow of a 
dusty viscous fluid through a porous medium of non-
conducting walls in the presence of inclined magnetic field 
with volume fraction, heat source and Soret effect are consid-
ered. Here ,the effect of velocity, velocity of the particle phase , 
temperature of the dusty fluid at the inclined magnetic field 
with various parameters as t (time), M (Magnetic parameter), 
Pr (Prandtl number) , Gr (Grashof number), Gc (Mass Grashof 
number), Sr (Soret number), Sc (Schmidt number), S (Heat 
source parameter), θ (Inclined magnetic field angle), 
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K1 (Chemical reaction parameter), ε3 (Porous parameter),  
(Volume fraction of dusty particles), p (Pressure gradient) are 
analyzed graphically. 
1.2 Mathematical Formulation 

In Cartesian co-ordinate system, consider unsteady 
laminar flow of a dusty, incompressible, Newtonian, electrical-
ly conducting, viscous fluid through a porous medium of uni-
form cross section h, when one wall of the channel is fixed and 
the other is oscillating with time about a constant non-zero 
mean. Initially at t ≤ 0, the channel wall as well as the fluid is 
assumed to be at the same temperature T0. When t > 0, the 
temperature of the channel wall is instantaneously raised to 
Tw which oscillate with time and is thereafter maintained con-
stant. Let x-axis be along the fluid flow at the fixed wall and y-
axis perpendicular to it. An inclined magnetic field is applied 
to the flow along y direction with the heat source.  
1.2.1 Assumptions:  
The governing equations are written based on the following 
assumptions:  

(i) The dust particles are solid, spherical, non conducting 
and equal in size and uniformly distributed in the 
flow region.  

(ii)          The density of dust particles is constant and the tem-
perature between the particles is uniform throughout 
the motion.  

(iii)         The interaction between the particles, chemical reac-
tion between the particles and liquid has not been 
considered to avoid multiple equations.  

(iv)         The volume occupied by the particles per unit volume 
of the mixture, (i.e., volume fraction of dust particles) 
and mass concentration have been taken into consider-
ation.  

(v)       The dust concentration is so small so that it does not 
disturb the continuity and hydro magnetic effects. This 
means that the continuity equation is satisfied.  

1.2.2 Governing equations of the flow  
The fluid flow is governed by the momentum, energy and 
concentration equation under the above assumptions  
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The boundary conditions of the problem are: 
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Where  is the velocity of the fluid and  veloci-
ty of the dust particles,  is the mass of each dust particle,  
is the number density of dust particles, is the temperature. 

is the initial temperature,  is the raised temperature,  is 
the concentration,  is the intial concentration,  is the 
raised concentration,   is the volumetric coefficient of ther-
mal expansion, K1 is the porous parameter,  is the Stoke’s 
resistance coefficient,  is the electrical conductivity of the 
fluid,  is magnetic permeability, Q0 is heat source, is the 
magnetic field induction, is the specific heat at constant 
pressure,  is the volume fraction of dust particles and  is 
thermal conductivity. 

The problem is simplified by writing the equations in the 
non-dimensional form. The characteristic length is taken to be 

 and characteristic velocity is . We introduce the following 
non-dimensional variables: 
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Substituting the above non-dimensional parameters in the 
governing equations (1 – 4) and then removing asterisks, we 
get 

uvGcCGrTy
u

x
p

t
u λe −+++

∂
∂+∂

∂−=∂
∂

12

2
         (7)                                                                 

Where constant321 =++= eeeλ M     

)(2

2
vuGcCGrTy

u
x
p

t
vf −+++

∂
∂+∂

∂−=∂
∂











 βφ                    (8) 

STy
T

t
T +

∂
∂=∂

∂
2

2

Pr
1                                                 (9) 

2

2

12

21
y
TSrCKy

C
Sct

C
∂
∂++

∂
∂=∂

∂                                                 (10) 

Where 

 number), (Grashof    )(
2

3
0

γ
β hTTgGr w −=

+

 

 number), Grashof (mass    )(
2

3
0

*

γ
β hCCgGc w−=

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 6, Issue 12, December-2015                                                                                                 386 
ISSN 2229-5518  

IJSER © 2015 
http://www.ijser.org 

m
σm

φeγσφσe

2
0

22'

221
1

1 ,)1(
1,,)1(

HhcM
Kh
mf

=

−==−=

 ,parameter) (Magneticsin 2' θMM =  

,particles)dust  ofion concentrat (Mass0

ρ
mNf =  

 , Parameter) (Porous
)1(1

2
3 φ

me
−

=
K

h  

,parameter)reaction  (Chemical 
2

1 γ
hKK l=  

ratio), resistancetion (Concentra
1σ

β f=  

number), (PrandtlPr k
C pm

=  

number),(Schmidt         DSc γ=  

,parameter) source(Heat     
2

p

o

Cv
hQS

ρ
=  

number)(Soret     
0

0

CC
TT

T
KDSr

w

w

m

Tm

−
−= . 

 The non-dimensional boundary conditions are: 
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1.3 SOLUTION OF THE PROBLEM 
To solve the equations (7-10) we use the below equations in-
troduced by Soundalgekar and Bhat(1984) when  
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After substituting equation (12) in equations (7-10), we can 
write 
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On solving equation (15) and (16) with the help of boundary 
conditions (21), we get 
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Substituting equations (22) and (23) in equations (13) and (14) 
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Substituting equation (25) in equation (24), we obtain 
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By solving equation (26) with the boundary conditions (21), 
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The first and second order partial derivatives of  are 
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Substituting equations (27) and (29) in equation (14), we obtain 
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By solving equations (19) and (20) with the boundary condi-
tions (21), we get 
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Substituting equations (31) and (32) in equations (17) and (18), 
we obtain 
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Substituting equation (34) in equation (33) we obtain 
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On solving equation (35), with the boundary conditions (21), 
we get 
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The first and second order partial derivatives  are given 
by 
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Substituting equations (37) and (38) in equation (34), we obtain 
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Substituting the equations (27) and (36) in the equation (12), 
we obtain 
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Substituting the equations (30) and (39) in the equation (12), 
we obtain 
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Substituting the equations (22) and (31) in the equation (12), 
we obtain 
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Substituting the equations (23) and (32) in the equation (12), 
we obtain 

int

0

0

3

3

1

1

2

2

sinh
sinh

sinh
sinh)1(

sin
sin

sin
sin)1(),(

e
L

yLq
L

yLq

L
yLwL

yLwtyC















+−

−+

+=

e
                             (43) 

Hence the equations (40) - (43) represents velocity of the fluid, 
velocity of the dust particle, temperature and concentration 
respectively. 
 
1.4 Skin friction 
 The skin friction of the fluid ( ) at the plate y = 0 is 
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The skin friction of the fluid ( ) at the plate y = 0 is 

int
sinhsinhsinh

)1(
sin

sinsinh
1)1(1

3

33

0

0232
02

2

214

1

113
432

1

e
L

LB
L

LB
B

BBB
L
LAA

L
LAA

A

AA
AA

A
eP

A
PA

BA

A

p





























−−+++

++−−−−+=

e

t
(45)       

1.5 Rate of Heat and Mass transfer 
 The heat transfer in terms of Nusselt number (Nu) is 
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The mass transfer in terms of Sherwood number (Sh) 
is 
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1.6 Results and discussion 
The numerical values in the following Figures were il-

lustrated at  = 0.005, n=1, . The numerical computa-
tions for the velocity of the fluid, velocity of the particle phase, 
temperature of the dusty fluid and concentration at an in-
clined magnetic field has been carried out for the various pa-
rameters t, M, f , Pr , Gr , S,  ,  ,  p.  

Fig. 1 shows the velocity of the fluid and of the parti-
cle phase for different values of f. The velocity of the fluid and 
of the particle phase increases as f increases. It is evident that 
the velocity of particle phase is bit slower than the fluid phase. 
Fig. 2 shows the velocity of the fluid phase and of the particle 
phase for different values of M. It is clear that velocity de-
creases with increase of magnetic parameter M when Gr > 0. 

 Fig. 3 shows the velocity of the fluid phase and the 
particle phase for different values of . The velocity of the flu-
id and of the particle phase decreases as  increases. Fig. 4 
represents the velocity profiles of the fluid and of the particle 
phase for different values of . The velocity of the fluid and of 
the particle phase decrease as increase in , velocity of the 
both the fluid and of the particles decreases. 

 Fig.5 shows that there is a gradual decrease of fluid 

and particle velocity with the increase of time. Fig.6 shows the 
velocity of the fluid and the velocity profiles of the particle 
phase for different values of S. The velocity for both the fluid 
and the particle phase decreases with the increase of S.  

Fig. 7 shows that the increase in Gr causes gradual in-
crease in fluid velocity and particle velocity. Fig. 8 shows the 
velocity of the fluid and of the particle phase for different val-
ues of Pr. The velocity of both the fluid and the particle phase 
decreases as Pr increases. It is evident that the velocity of par-
ticle phase bit faster than fluid phase.  

Fig.9 shows the velocity of the fluid and the velocity 
profiles of the particle phase for different values of Gc. The 
velocity for both the fluid and the particle phase increases 
with the increase of Gc. Fig.10 shows the velocity of the fluid 
and the velocity profiles of the particle phase for different val-
ues of Sc. The velocity for both the fluid and the particle phase 
decreases with the increase of Sc.  

Fig.11 shows the velocity profile of the fluid and the 
velocity profile of the particle phase for different values of Sr. 
The velocity for both the fluid and the particle phase decreases 
with the increase of Sr. Figs. 12 and 13 it is observed that an 
increase in φ causes an increase in fluid velocity and particle 
velocity.  

Fig.s.14 and 15 shows the temperature profile for var-
ious Pr and S. It is observed that the profile increases with the 
increase in Pr and S. Fig.16 shows the temperature profile for 
different values of t. It is observed that an increase of time 
causes the decrease in temperature of the fluid. Fig. 17 shows 
the concentration profile for various Sr. It is observed that the 
profile decreases with the increase in Sr. Fig. 18 and 19 shows 
the concentration profile for various S and Sc. It is observed 
that the profile decreases with the increase in S and Sc. 

Fig.20 shows the Skin-friction of fluid and dust parti-
cles for different values of Gr. It is clear from the graph that 
the profile increases with the increase in Gr. Fig. 21 shows the 
Skin-friction of fluid and dust particles for different values of 
Gc. It is clear from the graph that the profile increases with the 
increase in Gc.  

Fig.22 shows the Skin-friction of fluid and dust parti-
cles for different values of . It is clear from the graph that the 
profile decreases with the increase in . Fig. 23 shows the 
Skin-friction of fluid and dust particles for different values of 
M. It is clear from the graph that the profile decreases with the 
increase in M.  

Fig.24 shows the Skin-friction of fluid and dust parti-
cles for different values of f. It is clear from the graph that the 
profile increases with the increase in f. Fig.25 shows the Skin-
friction of fluid and dust particles for different values of . It is 
clear from the graph that the profile increases with the in-
crease in . 

 Fig.26 shows the Skin-friction of fluid and dust parti-
cles for different values of Sc. It is clear from the graph that the 
profile decreases with the increase in Sc. Fig.27 shows the 
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Skin-friction of fluid and dust particles for different values of 
S. It is clear from the graph that the profile decreases with the 
increase in S. Fig.28 shows the Skin-friction of fluid and dust 
particles for different values of Sr. It is clear from the graph 
that the profile decreases with the increase in Sr. Fig.29 shows 
the Skin-friction of fluid for different values of . It is clear 
from the graph that the profile increases with the increase in 

.  
Fig.30 and Fig.31 shows the Nusselt number for dif-

ferent values of S and Pr. It is observed that the profile increas-
es with the increase in S and Pr. Fig.32, Fig.33 and Fig.34 
shows the Sherwood number for different values of Sr, S and 
Sc. It is observed that profile decreases with the increase in Sr, 
S and Sc. 

 
1.5 CONCLUSION 

In this work, unsteady laminar flow of a dusty, in-
compressible, Newtonian, electrically conducting, viscous flu-
id through a porous medium of uniform cross section h, when 
one wall of the channel is fixed and the other is oscillating 
with time about a constant non-zero mean. The flow is consid-
ered in the presence of inclined magnetic field with volume 
fraction, heat source and porous parameter. The following 
conclusions are made based on the result and discussion.  
i) The fluid velocity and particle velocity profile increases 

with the increase in Mass concentration of dust particle, 
Grashof number for Heat transfer, Grashof number for 
mass transfer, Volume fraction of dusty particles. 

ii) The fluid velocity and particle velocity profile decrease 
with the increase in Magnetic Parameter, Porous Parame-
ter, Prandtl number, time,  Soret number, Schmidt num-
ber , Heat source parameter , inclined magnetic field an-
gle. 

iii) The fluid temperature profile increases with the increase 
in Prandtl number, Heat source parameter and decrease 
in time. 

iv) The fluid concentration profile decreases with increase in 
Heat source parameter, Soret number, Schmidt number. 

v) There is a fall in the skin-friction of fluid and dust parti-
cle due to the increase of Schmidt number, Porosity pa-
rameter, Magnetic parameter, Heat source parameter and 
Soret number. The profile increases with increase of 
thermal Grashof number, mass Grashof number, Mass 
Concentration of dust particles, Volume fraction of dust 
particles and inclined magnetic field. 

vi) Nusselt number increases with the increase of Prandtl 
number and Heat source parameter. 

vii) Sherwood number decreases with the increase of Soret 
number, Schmidt number and Heat source parameter. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1.Variation of velocity for different values of f 
When M = 2, t = 0.001, Pr = 0.71, S = 2, = 1, Sc = 0.22, 

Gr = 5, Sr = 2, Gc = 1 
 
 

 
Fig.2. Variation of velocity for different values of M 
When f = 0.8, t = 0.001, Pr = 0.71, S = 4, = 1, Gr = 5, 

Gc = 4, Sc = 0.22, Sr = 3 
 
 

 
Fig.3. Variation of velocity for different values of 
When f = 0.8, t = 0.001, Pr = 0.71, S = 4, M = 2, S = 4, 

Gr = 5, Gc = 4, Sc = 0.22, Sr = 3 
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Fig.5. Variation of velocity for different values of t 
When Gr = 5, f = 0.2, Pr = 0.71, S = 4, M = 4, Gr = 5, 

Gc = 4, Sc = 0.22, Sr = 3, =1 
 

 
Fig.4. Variation of velocity for different values of  
When Gr = 5, f = 0.2, t = 0.001, Pr = 0.71, S = 4, M = 4, 

= 1 
 

 
Fig.6. Variation of velocity for different values of S 
When f = 0.2, Pr = 0.71, Gr = 5, t =0 .001, M = 1, =1, 

Gr = 5, Gc = 4, Sc = 0.22, Sr =3 
 
 

 
Fig.7. Variation of velocity for different values of Gr 
When f = 0.2, Pr = 0.71, S = 3, t = 0.001, M = 4, = 1, 

Gc = 4, Sc = 0.22, Sr = 3 
 
 

 
Fig.8. Variation of velocity for different values of Pr 
When f = 0.2, Gr = 5, S = 3, t = 0.001, M = 4,  , 

Gc = 4, Sc = 0.22, Sr = 3 
 
 

 
Fig.9. Variation of velocity for different values of Gc 

When f = 0.2, Gr = 5, S = 3, t = 0.001, M = 4, , 
Pr = 0.71, Sc = 0.22, Sr = 3 
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Fig.13. Variation of fluid velocity for different values 

of When f = 0.2, Pr = 0.71, Gr = 5, S = 3, t = 0.001, 
M = 1, , S = 3, Gc = 3,Sc = 0.22, Sr = 1 

 

 
Fig.10. Variation of velocity for different values of Sc 

When f = 0.2, Gr = 4, S = 3, t = 0.001, M = 4, , 
Pr = 0.71, Gc = 5, Sr = 3 

 
 

 
Fig.11. Variation of velocity for different values of Sr 

When f = 0.2, Gr = 4, S = 3, t = 0.001, M = 4, , 
Pr = 0.71, Gc = 5, Sc = 0.22 

 
 

 
Fig.12. Variation of particle velocity for different val-

ues of When f = 0.2, Pr = 0.71, Gr = 5, S = 3, 
t = 0.001, M = 1, , S = 3,  Gc = 3, Sc = 0.22, Sr = 1 

 
 

 
Fig.14. Variation of temperature field for different 

values of Pr When S=1, t = 0.001,  
 
 

 
Fig.15. Variation of temperature field for different val-

ues of S When Pr = 0.71, t = 0.001,  
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Fig.17. Variation of concentration field for different 
values of Sr When Pr = 0.71, S = 3, , Sc = 0.22 

 

 
Fig.19. Variation of concentration field for different 
values of Sc When Pr = 0.71, Sr = 3, M = 2, , 

S = 3 
 

 
Fig.16. Variation of temperature field for different 

values of t When Pr = 0.71, S = 5,  
 
 

 
Fig.18. Variation of concentration field for different 
values of S When Pr = 0.71,Sr = 2, , Sc = 0.22 

 

 
Fig.20. Skin-friction for different values of Gr when 
Gr = 5, Gc = 1, f = 0.2, Pr = 0.71, Sr = 2, M = 4, , 

S = 3, = 1, Sc = 3 
 

 
Fig.21. Skin-friction for different values of Gc When 

Gr = 5, f = 0.2, Pr = 0.71, Sr = 2, M = 4, , 
 S  3 1  S   3 
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Fig.25. Skin-friction of fluid for different values of  
When Gr = 5, Gc = 3, Pr = 0.71, f = 0.2, Sr = 1,  =1,  

, S = 1, Sc = 0.22 
 

 
Fig.22. Skin-friction for different values of When 

Gr = 5,Gc = 5, f = 0.8, Pr = 0.71, Sr = 2, M = 4, , 
S = 2, Sc = 2 

 
 

 
Fig.23. Skin-friction for different values of M 

When Gr = 5, Gc = 5, f = 0.8, Pr = 0.71, Sr = 1, = 1,  
, S = 2, Sc = 0.22 

 
 

 
Fig.24. Skin-friction for different values of f When Gr = 

G          S      

 
Fig.26. Skin-friction of fluid for different values of Sc 
When Gr = 5, Gc = 3, Pr = 0.71, f = 0.2, M = 1, Sr = 1, 

= 1, , S = 1. 
 
 

 
Fig.27 Skin-friction of fluid for different values of S 
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Fig.29. Skin-friction of fluid for different values of 
When Gr = 5, Gc = 3, Pr = 0.71, f = 0.2, M = 1, Sr = 1, 

= 4, , Sc = 0.22, Sr = 1 
 

 
Fig.31. Nusslet number for different values of Pr 

When S = 1,  
 

 
Fig.28. Skin-friction of fluid for different values of Sr 
When Gr = 5, Gc = 3, Pr = 0.71, f = 0.2, M = 1, Sr = 1, 

= 4, , Sc = 0.22 
 
 

 
Fig.30. Nusslet number for different values of S 

when Pr = 0.71,  
 

 
Fig.32. Sherwood number for different values of Sr 

when Pr = 0.71, Sc = 0.22, S = 2,  
 

 
Fig.33. Sherwood number for different values of S 

when Pr = 0.71, Sc = 0.22, Sr = 4,  
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Fig.34. Sherwood number for different values of Sc 

when Pr = 0.71, S = 3, Sr = 3,  
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