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ABSTRACT

Dufoureffect on unsteady free convection MHD flow past a moving vertical plate through
porous mediumwith variable temperature and constant mass diffusion is studied here. The
Laplace transformtechnique has beenused to find the solutions for the velocity, temperature
and concentration. The results obtained are discussed with the help of graphs drawn for
different parameters like thermal Grashof number, mass Grashof number, Prandtl number,

permeability parameter, the Hartmann number, Schmidt number, Dufour number, time and
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inclination of magnetic field. The numerical values of Skin-friction have been tabulated.
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Introduction

The Study of flows through porous medium has become
of great interest in many scientific and engineering
applications, such as, in chemical engineering for filtration
and purification process; in agriculture engineering to study
the underground water resources; in petroleum technology to
study the movement of natural gas, water and oil through the
oil reservoirs. Bejan and Khair [1] have studied heat and mass
transfer by natural convection in a porous medium. Nelson
and Wood [2] have studied combined heat and mass transfer
natural convection between vertical parallel plates with
uniform heat flux boundary conditions. MHD flow between
two parallel plates with heat transfer have been studied by
Attia and Katb [4]. Rajput and Sahu [12] have studied
combined effects of chemical reactions and heat
generation/absorption on unsteady transient free convection
MHD flow between two long vertical parallel plates through a
porous medium with constant temperature and mass diffusion.
Hossain and Shayo [3] have discussed the skin-friction in the
unsteady free convection flow past an exponentially
accelerated plate. Das and Jana [10] have studied heat and
mass transfer effects on unsteady MHD free convection flow
near a moving vertical plate in porous medium. Rajesh [11]
has studied MHD effects on free convection and mass
transform flow through a porous medium with variable
temperature. Unsteady MHD Poiseuille flow between two
infinite parallel plates through porous medium in an inclined
magnetic field with heat and mass transfer have been
discussed by Rajput and Kumar [15]. Sandeep and
Sugunamma [14] have discussed 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.
Postelnicu [5] has studied influence of a magnetic field on
heat and mass transfer by natural convection from vertical
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surfaces in porous media considering Soret and Dufour
effects. Alam et al. [6] have studied Dufour and Soret effects
on unsteady MHD free convection and mass transfer flow past
a vertical porous plate in a porous medium. Reddy [9] have
discussed Soret and Dufour effects on steady MHD free
convection flow past a semi-infinite moving vertical plate in a
porous medium with viscous dissipation. Dipak et al. [13]
have studied Soret and Dufour effects on steady MHD
convective flow past a continuously moving porous vertical
plate. Influence of chemical reaction on heat and mass transfer
by natural convection from vertical surfaces in porous media
considering Soret and Dufour effects has studied by Postelnicu
[7]. Ibrahim [8] has discussed analytic solution of heat and
mass transfer over a permeable stretching plate affected by
chemical reaction, internal heating, Dufour-Soret effect and
Hall effect.

In this paper we are analyzing Dufour effect on unsteady
free convection MHD flow past a moving vertical plate
through porous medium with variable temperature and
constant mass diffusion in an inclined magnetic field.
Mathematical Analysis

In this paper we have considered the flow of unsteady
viscous incompressible fluid. The x- axis is taken along the
plate in the upward direction and y- axis is taken normal to
plate. The plate considered is electrically non-conducting, and
its initial velocity is taken as u,. A uniform inclined magnetic

field B, is applied on the plate with angle & from vertical.
Initially the fluid and plate are at the same temperature T, and
At timet >0,
temperature of the plate is raised to T, and the concentration

the concentration of the fluid is C,.

of the fluid is raised to C,, .
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The governing equations under the usual Boussinesq’s
approximations are as follows:
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The initial and boundary conditions are given as:

t<Qu=0,T=T,,C=C_ foreach value of y, 4)
2

t>0u=u,, T=T_+(T, T) ,C=C,aty=0,

u—-0T->T,C>C, asy—>oo.

Here U is the velocity of the fluid, 9 —the acceleration due
to gravity, B —volumetric coefficient of thermal expansion,

*

- volumetric coefficient of concentration expansion, t —

time, T —the temperature of the fluid,
T, —the temperature of the plate at Y —> 90, C —species

concentration in the fluid,C_— species concentration
at Y —>90 U- the kinematic viscosity, 0 —the density,
C, —the specific heat at constant pressure, k — thermal
conductivity of the fluid, K, —thermal diffusion ratio, D — the
mass diffusion constant, D, —the effective mass diffusivity
rate, T —the temperature of the plate at y :olcw_species
concentration at the plate at y=0.C, - Concentration
susceptibility B, — the uniform magnetic field, © —electrical

conductivity, K —permeability of the porous medium and
& —angle of inclination from vertical.

By using the following dimensionless quantities, the above
equations (1), (2), and (3) can be transformed into
dimensionless form.

2 _ o 2 (5)
yﬂftuﬂ,gzi,g:TT K= Ku20 3\
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é—ﬂ HaZ_GBtJZU _Db,K:(C,-C,)
“C,-C." " pul T CCo(T,-T,)

Gr= 9pv(T, ~T.) ,Pr _pr ,M =Ha? *sin?(a),
ug k
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us J
Here U is dimensionless velocity, f — dimensionless

time, Pr- Prandtl number, Sc- Schmidt number, Gr- thermal
Grashof number, Gm- mass Grashof number, @-

dimensionless temperature, C - dimensionless concentration,
Ha- the Hartmann number, # - the coefficient of viscosity,
K —permeability parameter and D, - Dufour number. Then

v
=pp,Sc=—,Gm=
pu=uvp 5

model is transformed into the following non dimensional form
of equations:
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The initial and boundary condition become:

f{<0;0=0,6=0,C =0foreachvalueof y, | ©
t>0,0=1,0=t,C=1laty=0,

0—>0,6—>0C —>0asy— .

Dropping bars in the above equations, we get:

10
u au+Gr¢9+GmC Au, 10)
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A=M +—

The initial and boundary condition become:

t<0;u=0,60=0,C =0foreach value of vy, (13)
t>0,u=16=t,C=1laty=0,

u—>06—->0C—>0asy—x.

Now the solution of equation (10), (11) and (12) under the
boundary conditions (13) are obtained by the Laplace -
transform technique. The exact solutions for species
concentration C, fluid temperature @ and fluid velocity u are

respectively:
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decreases when @, D_, Gr, Ha, and Sc are increased. Figures
(16) 10, 11, 12 and 13 show that temperature of the fluid increases
. . 2AB,B,, + yVAASB,, with increasing the values of D, Pr, Scand t respectively.
u:§A9Bl9+7zGr * ABys (1=P1) * Skin- friction is given in table-1. The value of skin-friction
APrScD, IAB B increases with increasing the values of Ha, Sc, Gr,& and
* Sc—Pr (=2AsB1g + AgBy) D, and decreases with increasing the values of Gm, t, Pr, and
(AgB,, — AB,,) | GrPrscD, +Gm K.
2A Sc—Pr [
_ - 12}
—Pry’ : o
1 con, AP e BTy + ; Pr=7, §¢=2.01
2A Jr 10 Gr=5, Gm=50
1 PrSc I
-Gr| ZAB, (Pr-D)}+ ——— Ha=4, t=0.2
2 PisBuPr-1} 2A(Sc—Pr) os|

(Ao + 220 Ay + AAID,

GrPrScD;B,, 1
2A(Sc—Pr)  2A
Skin- Friction
We calculate the non-dimensional form of skin friction (7)
from the velocity field as:

)
rT=| ——
ay y=0

And numerical values of T are given in table-1 for different
parameters.
Table 1. Skin-Friction for different values of parameters.

GmB,,

a Ha | Pr D, |t K | Gm| Gr | Sc T

(In

degree)

15 4 07070 ] 0.20 | 0.2 50 | 05 [ 2.01 | -3.5343
30 4 071070 | 020 | 02| 5 |05 |201]-2.6773
60 4 07]0.70|020[02[5 |05 |201]-0.8381
30 2 07]10.70 | 020 | 0.2 | 50 | 05 | 2.01 | -3.5570
30 6 071070020 02[5 |05 |201]-1.4596
30 4 031070020025 |05 (201]+1.3322
30 4 10070 [ 020] 0.2 50 | 05 | 2.01 | -3.0926
30 4 071015020 | 02| 50 | 05 [ 2.01 | -4.9295
30 4 07]1023]020(02[5 |05 ]|201]-46019
30 4 071050 )020| 02|50 |05 |201]-3.4963
30 4 07]10.70 | 015 02| 5 | 05 | 2.01 | -2.0910
30 4 07]0.70 ] 018 | 0.2 [ 50 | 05 [ 2.01 | -2.4643
30 4 071070 | 0.20 [ 0.4 | 50 | 05 [ 2.01 | -3.4008
30 4 07 0.70 | 0.20 | 0.6 [ 50 | 05 [ 2.01 | -3.6636
30 4 071070 | 020 02| 60 |05 |201] -4.3762
30 4 07]1070]020[02[ 70 |05 |201]-6.0751
30 4 07]10.70 | 020 | 0.2 50 | 10 | 2.01 | +0.1043
30 4 071070020 (02[5 |15 | 2.01[ +2.8861
30 4 07]10.70 | 0.20 | 0.2 | 50 | 05 | 2.10 | -2.4249
30 4 07]070]020[02[5 |05 ][220 -2.1423

Results and Discussion

The numerical values of velocity, concentration,
temperature and skin-friction are computed for different
parameters like thermal Grashof number Gr, mass Grashof
number Gm, Hartmann number Ha, Prandtl number Pr,
Schmidt number Sc, inclination & , permeability parameter K,
Dufour number D, and time t. The values of the parameters

considered are Gr = 5, 10, 15, Ha = 2, 4, 6, Gm = 50, 60,
70, o =15°,30°,60°, Pr = 7, 10, Sc = 2.01, 2.10, 2.20, K = 0.2,
04,06, D, =0.15,0.23, 05 and t = 0.15, 0.18, 0.2. Figures 3,

6, 7 and 9 show that velocity increases when Gm, K, Pr and t
are increased. Figures 1, 2, 4, 5 and 8 show that velocity
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Figure 1. Velocity profile for different values of « .
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Figure 2. Velocity profile for different values of D, .
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Figure 3. Velocity profile for different values of Gm.
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Figure 6. Velocity profile for different values of K.
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Figure 8. Velocity profile for different values of Sc.
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Figure 9. Velocity profile for different values of t.
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Figure 12. Temperature profile for different values of Sc.
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Figure 13. Temperature profile for different values of t.

Conclusion

Some conclusions of study are as below:

» The velocity of the fluid increases with increasing the values
of K, Gm, tand Pr.

» The velocity of the fluid decreases with increasing the
values of Ha, Gr, Sc, @ and D, .

» The temperature of the fluid increases with increasing Pr,
Sc,tand D,.

» The skin-Friction of the fluid increases with increasing the
values of Ha, Sc, Gr,& and D, .

» The skin-Friction of the fluid decreases with increasing the
values of Gm, t, Pr, and K.
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Appendi x
A, = e VA A, = —2Erfc{\/28_jfy}
B 2JAt+y B 2J At -y
Alo = ErfC|:T:|, Ail = Erf [T ) ) 5 A t_\/gy
A, = Erf c-1 ,
A —Erf{zﬁHy} 2Vt
, = svmemrty
24t
At [APr f
A13:2em_ ﬁy, 2 A t+\/§y
[, A,, = Erfc S¢ _21\5
A14 =e Pr-1
APr
2. t+y
A17=Erf0%' 2. A t++/Scy
A,, = Erf Sc _le/f ,
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= Bl =1+ Ag + Ay — AgAy, B,=1+ A11+A972A10
_ Sc-1
Al9_e 7 ~ Blszl_Pr_ At, Bl4=A27+A18(1+ A28+A19A29)'
2 / ASc _y Bis = Ag@+ Ay + Ag — Aghy) + Ay
A,, =Erf % B =1+ A9_2+A11_A9_2A121
Bl? =1- A972 + A11 + A972A12’
- - Bie=—1-As—As + ALA;
ASc \/ﬁy -2 B. =1
2 e gtV | Pe=1tErf o | B, =1+A,+A A, 20 =1+ As + AuA-,
A21=E|’f T ) 821=1+A14+A23_A14A24
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