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INCLINED PLATE WITH VARIABLE TEMPERATURE AND CONSTANT MASS DIFFUSION
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ABSTRACT

In this paper, we study the chemical reaction and Soret effects on unsteady free convective MHD flow
past a moving inclined plate with variable temperature and constant mass diffusion. Fluid considered is
electrically conducting. The Laplace transform method has been used to find the exact solutions for the
momentum, energy and concentration equations. The flow model consists of a plate inclined from
vertical by an angle & The flow considered is unsteady, and the heat is transferred through free
convection. The velocity and temperature profiles are discussed with the help of graphs drawn for
different parameters like thermal and mass Grashof numbers, the Prandtl number, the magnetic field
parameter, the Soret number, the Schmidt number, chemical reaction parameter, time and inclination
of plate. The numerical values of skin frictions and Nusselt numbers have been discussed with the help
of table for different parameters.

KEYWORDS: MHD, inclined plate, Soret effect, chemical reaction, free convection, mass transfer, heat
transfer.

INTRODUCTION

The effect of magnetic field on viscous, incompressible and electrically conducting fluid plays very
important role in many applications such as glass manufacturing, control processing, paper industry,
textile industry, magnetic materials processing and purification of crude oil etc. Bejan and Khair [1] have
studied heat and mass transfer by natural convection in a porous medium. MHD flow between two
parallel plates with heat transfer have been studied by Attia and Katb [3]. Hossain and Shayo [2] have
discussed unsteady free convection flow past an exponentially accelerated plate. Das and Jana [8] have
studied heat and mass transfer effects on unsteady MHD free convection flow near a moving vertical
plate in porous medium. Rajesh [9] has studied MHD effects on free convection and mass transform
flow through a porous medium with variable temperature. Soret effect on unsteady MHD flow through
porous medium past an oscillating inclined plate with variable wall temperature and mass diffusion have
been discussed by Rajput and Kumar [15]. Postelnicu [5] has studied Influence of chemical reaction on
heat and mass transfer by natural convection from vertical surfaces in porous media considering Soret
and Dufour effects. Alam et al. [4] 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 [7] has
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. [10] have studied Soret and
Dufour effects on steady MHD convective flow past a continuously moving porous vertical plate. Ibrahim
[6] 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. The Soret effect on free
convective unsteady MHD flow over a vertical plate with heat source have been discussed by Bhavana et
al. [12]. Kesavaiah and Satyanarayana [13] have studied radiation absorption and Dufour effects to MHD
flow in vertical surface. Rajput and Gupta [14] have discussed Dufour effect on unsteady free convection
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MHD flow past an exponentially accelerated plate through porous media with variable temperature and
constant mass diffusion in an inclined magnetic field. Dufour and Soret effect on steady MHD flow in
presence of Heat generation and magnetic field past an inclined stretching sheet have been studied by
Karim et al. [11].

In this paper we are analyzing the chemical reaction and Soret effects on unsteady free convection MHD

flow past a moving inclined plate with variable temperature and constant mass diffusion.
MATHEMATICAL ANALYSIS

Consider an unsteady viscous incompressible electrically conducting fluid past an impulsively started
vertical plate with velocity u,. The x axis is taken along the vertical plane and y normal to it. The plate is
inclined at angle & from vertical and plate is electrically non-conducting. The magnetic field B, of
uniform strength is applied perpendicular to the flow. We assume that the Magnetic Reynolds number is
so small that the induced magnetic field can be neglected in comparison to the applied one. Initially the
fluid and plate are at the same temperature T..and the concentration of the fluid is C.. At time t > 0
temperature of the plate is raised to T,, and the concentration of the fluid is raised to C,.

The governing equations under the usual Boussinesq’s approximations are as follows:

d o2 082

E“: §+gﬁCOS(§)(T T,)+ 9B Cos(£)(C—C,) - (1)
§:Dazc2:+D K, aZT_K L(C-C.),

ot oy T, oy’ (2)
a _ kT

o pCp oy* 3)

The initial and boundary conditions are given as:

t<0;u=0,T =T, ,C=C_ foreach value of v,
2

t>0u=u, T=T, +(T, T) ,C=C, aty=0, (4)

u—->0T->T,C—>C, asy—>oo.

Here u is the velocity of the fluid, g —the acceleration due to gravity, p—volumetric coefficient of
thermal expansion, S"— volumetric coefficient of concentration expansion, t — time, T - the

temperature of the fluid,

- - the temperature of the plate at y—>eo, C - species concentration in the fluid, C. - species
concentration at
y—>oo, U - the kinematic viscosity, p - the density, Cp - the specific heat at constant pressure, k — thermal
conductivity of the fluid, Kr - thermal diffusion ratio, D — the mass diffusion constant, D,, - the effective
mass diffusivity rate, T,, - the temperature of the plate at y=0, C,, - species concentration at the plate at
y =0,T,, - mean fluid temperature, B, - the uniform magnetic field, o - electrical conductivity, £ - angle

of inclination from vertical and K, - chemical reaction parameter.
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By using the following dimensionless quantities, the above equations (1), (2), and (3) can be transformed
into dimensionless form.

2 _ _ _ 2
y:ﬂ,f:w—o,uzi,ezT Tw’C:C C°°,Sc=3,M_GBU,KO=KCZU,
v v U, T,-T, G, =€, D pul ug
Gr= g/BV(I-w3 _Too), 1L =P, Gm= gﬂ U(Cg—cw), Sr = DmKT (TW_TOO) , Pr = ,uCp , (5)
Ug Uy ol (C,-C.) k

Here U is dimensionless velocity, T - dimensionless time, Pr- Prandtl number, Sc- Schmidt number, Gr -
thermal Grashof number, Gm- mass Grashof number, & - dimensionless temperature, C - dimensionless
concentration, M -the magnetic field parameter, u- the coefficient of viscosity, K —permeability

parameter, K, - dimensionless chemical reaction parameter and Sr - Soret number. Then model is
transformed into the following non dimensional form of equations:

ou o
—=—+GrCos 6 +GmCos(&)C — MU, (6)
X o &) (&)
™ aE 0%0 —
o scoyr T ggr KeC g
00 1 6%0

e T CA (8)
ot Proy

The initial and boundary condition become:

t <0;0=0,0=0,C =0 for each value of y,
t>0,0=1,6=t,C=1aty=0, (9)
0U—060—-0C —>0asy— o

Dropping bars in the above equations, we get:

ou o
— =—5+GrCos(&)8 +GmCos(£)C — Mu, (10)
o oy

2 2
L_L10C, 599 ke (11)
ot Scoy oy
20 _ 1% W)
ot Proy”’

The initial and boundary condition become:
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t<0;u=0,0=0,C =0foreach value of y,
t>0u=160=t,C=1laty=0, (13)
u—060—->0C—>0asy— w.

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

and fluid velocity u are respectively:

___Pry2 _A41\/P_rty
RN

—1)+ AoBys + A3B, A, — ALAS (L+ A123 - A19A123 +Ag))Sr]+—> Aio A+ A+ A12A10 )

_MPr SC\/;(KOSC ~M)Gm C. 4+ AyBoiGMALA;, +C ArsPooPysBiGM —C,,— KyScB,,

F S 2T TO(K,Sc—M) | 2(K,Sc—M)
GmPrSr\/_ A0+ A, +A,A2) Ger
B TERGIE AR T T TE T e S

+ALA; \/—PrB7( PrM + Sc))

The expressions for the constants involved in the above equations are given in the appendix.

SKIN- FRICTION
We calculate the non-dimensional form of skin friction (7) from the velocity field as:
&
T=|——
),
And numerical values of 7 for different parameters are given in table-1.
NUSSELT NUMBER
From temperature field, we study non dimensional form of rate of heat transfer (Nu) which is given as:
00
),
Numerical values of Nu for different parameters are given in table-2.

RESULTS AND DISCUSSION
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The numerical values of velocity, concentration and temperature are computed for different
parameters like thermal Grashof number Gr, mass Grashof number Gm, magnetic field parameter M,
Prandtl number Pr, Schmidt number Sc, inclination & permeability parameter K, Soret number Sr,
chemical reaction parameter Ko and time t. The values of the parameters considered are

M=4,9, 16, Pr=0.71, 2.00, 7.00, & = 30°, 45°, 60°

Gm =40, 50, 60, Gr =5, 50, 200, ,K,=2,4,6

Sr=2,5,8,t=0.2,0.3,0.4. Sc = 1.50, 2.01, 3.00.

Figures 1, 2, 3, 4 and 5 show that velocity increases when one of the following parameters, Sr, Pr, Gm, t,
and Gr are increased keeping others constant. Figures 6, 7, 8 and 9 show that velocity decreases when ¢,
M, Ko and Sc are increased keeping others constant.

Figure 11 shows that temperature increases when t is increased; and Figure 10 shows that temperature
decreases when Pr is increased.

Skin- friction is given in table-1. The value of skin-friction increases with increasing the values of M, Sc, ¢
Ko; and decreases with increasing the values of Sr, Gm, t, Pr and Gr.

Nusselt number is given in table-2 and its value increases with increasing the values of t and Pr.

Gm=50, £=30°
Gr=35, Sc=2.01
M=16, 1=0.2
Ko=2, Sr=2

Figure-2: Velocity profile for different values of Pr

Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Aryabhatta Journal of Mathematics and Informatics
http://www.ijmr.net.in email id- irjmss@gmail.com Page 680




_onal J
71JMRY

<> = Vol.09 Issue-01, (January - June, 2017)  ISSN: 2394-9309 (E) / 0975-7139 (P)

A=
4 Aryabhatta Journal of Mathematics and Informatics (Impact Factor- 5.856)
14—
/ A Pr=7, Sc=2.01

12} /F\\\ Gr=35, ££30°

1.0 f//\\\ M=16, t=0.2
N Ko=2, Sr=2

0.8 Py

0.6}

04l Gm =40, 50, 60

02F

..............

Pr=7, Sc=2.01
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Figure-5: Velocity profile for different values of Gr
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Pr=7, Sc=2.01
Gr=35, Gm=50
M=16, t=0.2
Ko=2, Sr=2

Figure-6: Velocity profile for different values of £

Pr=7, Sc=2.01
Gr=35, ££30°
Gm=350, t=0.2
Ko=2, Sr=2

0.2 0.4 0.6

Figure-7: Velocity profile for different values of M

- /ﬁ\
1.2.—//\ N\, Pr=7, Sc=2.01
- [/\\\\ Gr=s3, £230°
N M=16, 1=0.2
osf Gm=50, Sr=2
0.6 - \
04| N\ :
[ Ko=2 3 4 \
02f \ ’
§ 1 1 1 1 1 k
0.2 04 0.6 0.8 1.0 12 14

Figure-8: Velocity profile for different values of Ko
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Pr=7, Gm=50
Gr=35, £&£30°
M=16, t=0.2
Ko=2, Sr=2

I [ U S [ S Ul ey B o P ) S S e |

0.2 0.4 0.6 0.8 1.0 12 14

Figure-9: Velocity profile for different values of Sc

0.15

0.10|

0.05

0.0

4
L

0.8 1.0

Figure-11: Temperature profile for different values of t

Table-1: Skin-Friction for different values of parameters

¢ M|Pr| Sr| t |Ko|Gm | Gr | Sc T
(In degree)
30 16| 7| 2 | 02| 2 | 50 | 005 ]| 2.01]-3.6732
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45 16 | 7| 2 |0.2] 2 | 50 | 005 |2.01|-2.2641
60 16| 7| 2 |0.2] 2 | 50 | 005 |2.01|-0.4277
30 04| 7| 2 (02| 2 | 50 |005|2.01]|-7.4367
30 09| 7| 2 (02| 2 | 50 |005]|2.01]|-56078
30 16| 8 | 2 |0.2| 2 | 50 | 005 | 2.01|-3.7451
30 16| 9| 2 |0.2]| 2 | 50 | 005 | 2.01 | -3.8088
30 16| 7| 5 |02] 2 | 50 | 005 | 2.01|-5.9144
30 16| 7| 8 |0.2| 2 | 50 | 005 | 2.01 | -8.1556
30 16| 7| 2 |03]| 2 | 50 | 005 | 2.01 | -5.0080
30 16| 7| 2 |04] 2 | 50 | 005 | 2.01|-6.0754
30 16 | 7| 2 |02]| 4 | 50 | 005 | 2.01 | -3.2180
30 16| 7| 2 | 02| 6 | 50 | 005 | 2.01 | -2.8271
30 16| 7| 2 | 02| 2 | 40 | 005 | 2.01 | -2.1513
30 16| 7| 2 |0.2| 2 | 60 | 005 | 2.01 | -5.1951
30 16| 7| 2 | 02| 2 | 50 | 050 | 2.01 | -4.2983
30 16| 7| 2 | 02| 2 | 50 | 200 | 2.01 | -6.3818
30 16 | 7| 2 |0.2| 2 | 50 | 005 | 1.50 | -3.8257
30 16| 7| 2 |0.2| 2 | 50 | 005 | 3.00 | -3.4944

Table-2: Nusselt number for different values of parameters

Pr| t Nu

0.2 | 1.3351
0.2 | 1.4273
0.2 | 1.5138
0.3 | 1.6351
0.4 | 1.8881

NIN[([O |00

CONCLUSION
Some conclusions of study are as below:

» The velocity of the fluid increases with increasing the values of Soret number (Sr), time (t),
thermal Grashof number (Gr), mass Grashof number (Gm) and Prandtl number (Pr).

> The velocity of the fluid decreases with increasing the values of inclination (£), magnetic field
parameter (M), chemical reaction parameter (Ko) and Schmidt number (Sc).

> The values of skin friction increases with increasing the values of magnetic field parameter (M),
chemical reaction parameter (Ko), inclination (£) and Schmidt number (Sc).
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» The values of skin friction decreases with increasing the values of mass Grashof number (Gm),

time (t), Soret number (Sr), thermal Grashof number (Gr) and Prandtl number (Pr).

» The temperature of the fluid increases with increasing the values of time (t).
» The temperature of the fluid decreases with increasing the values of Prandtl number (Pr).
> Nusselt number increases with increasing the values of time (t) and Prandtl number (Pr).
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