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ABSTRACT

In this paper we have studied Soret and rotation effect on MHD unsteady flow over an inclined infinite porous plate
embedded in porous media. The dimensionless governing equation of flow field is solved analytically by Laplace
Transform technique for different values of governing flow parameters. The primary velocity profile along the plate
and secondary velocity profile perpendicular direction to plate, concentration profile and temperature profile are
shown through graphs for different values of flow parameters.

Key Words: MHD, Soret effect, thermal radiation, porous medium, heat and mass transfer and Laplace Transform
Technique.

INTRODUCTION

Soret and radiation effect on MHCHows arise in many areas of engineering and applied physics. The study of such
flow has application in MHD generators, chemical-engineering, nuclear reactors, geothermal energy, reservoir
engineering and astrophysical studies. In nature, the assumption of the pure fluid is rather impossible. The presence of
foreign mass in the fluid plays an important role in flow of fluid. Thermal diffusion or Soret effect is one of the
mechanisms in the transport phenomena in which molecules are transported in a multi-component mixture driven by
temperature gradient. The inverse phenomena of thermal diffusion, if multi component mixture were initially at the
same temperature, are allowed to diffuse into each other, there arises a difference of temperature in the system.
Sparrowand Cess[1] analyzed the effect of magnetifield on free convection heat transfer Alametal. [2] Investigated
Dufour effect and Soret effect on MHD free convective heat and mass transfeflow past a vertical flat plate embedded
in porous medium. Dursunkaya et al. [3] studied Diffusion thermo and thermal diffusion effect in transient and steady
natural convection from vertical surface, Postelnicu [4] analyzed the Influence of a magneticfield on heat and mass
transfer by natural convection from vertical surface in porous media considering Soret and Dufour effects. Raptis et al.
[5] discussed radiation and free convection flow past a moving plate. Rajesh and Vijaya kumar verma [6] analyzed
radiation and mass transfer effects on MHD free convection flow past an exponentially accelerated vertical plate with
variable temperature. Shivaiah [7] analyzed chemical reaction effects on an unsteady MHD free convective flow past an
infinite vertical porous plate with constant suction and heat source. Alabraba et.al [8] investigated the inter action of
mixed convection with thermal radiation in laminar boundaryflow taking into account the binary chemical reaction and
Soret-Dufour effects. Karim et al. [9] investigated Dufour and Soret effect on steady MHD flow in presence of heat
generation and magneticfield past an inclined stretching sh eet. Recently Bhavana et al. [10] analyzed the Soret effect
on free convective unsteady MHD flow over a vertical plate with heat source.

The object of this work is to investigate the effect of Soret and Rotation on MHD unsteady flow over an inclined
porous plate embedded in porous medium with heat generation/ absorption and mass transfer. The dimensionless
governing equation of flow field is solved analytically by Laplace Transform technique by for different values of
governing flow parameters. The primary velocity profile in the direction of plate and secondary velocity profile
perpendicular direction to plate, concentration profile and temperature profile are shown through graphs for different
values of flow parameters.
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MATHEMATICAL ANALYSIS

An unsteady flow of a viscous incompressible electrically conducting fluid past an impulsively started infinite inclined
porous plate with constant temperature and constant mass diffusion in the presence of radiation are studied. The plate is
inclined at angle ® from vertical, is embedded in porous medium. x-axis is taken along the plate and z-axis is taken
normal to it. It is also considered that the radiation heatflux in x -direction is negligible in comparison to z-direction.
Initially the plate and fluid are at the same temperature and concentration level is zero and plate is at rest.

Now at time t > 0, the plate is moving impulsive motion along x-direction against gravitational field with constant
velocity, the plate temperature and concentration raised by one unit. A transverse magneticfield of uniform strength B
is assumed normal to the direction of flow. The transversely applied magnetic field and magnetic Reynolds number are
very small and hence induced magnetic field is negligible, Cowling [11]. Due to infinite length in x-direction, the flow
variables are functions of z and t only. Under the usual Boussinesq approximation, governing equations for this
unsteady problem are given by

Continuity equation

Ll = 0 = v =constant (1)
oy
Momentum equation
2 2
N oav=02Y 4 gpcosp-T,)- 284 LU, 45 Cosp(c-C,) @
ot 0z K
2 2
@+2Qu =Ua_‘2’_ﬂ_“_" (3)
ot o2 p  k
Energy equation:
oT 0°T
PCpEZk E—Q(T -T,) @)

Equation of continuity of mass transfer:
oC _0°C DK T
ot o T, o1t

m
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Where u and v is the primary velocity and secondary velocity components along x-direction and z- direction
respectively. g is the acceleration due to gravity, P is the volumetric coefficient of thermal expansion, B* is the
coefficient of volume expansion for mass transfer, v is the kinematic viscosity, p is viscosity, p is thdluid density, B is
magnetic parameter, k is the permeability of porous medium, o is the electrical conductivity of the fluid, T is the
dimensional temperature, T, is temperature of fluid, C,, is concentration of fluid, D,, is the chemical molecular
diffusivity, k is the thermal conductivity of thefluid , C, is specific heat at constant pressure, Ky is thermal diffusion
ratio, C is the dimensional concentration, ,T,, is meanfluid temperature. T, and C,, are the temperature and
concentration on plate.

Initial and boundary conditions are given as:

t<0;, u=0,v=0T=0C=0 vz
t>0, u,=1v,=0T=T,C=C, atz=0
u—->0v—>0T—>T,C—>C, as z—o (6)

In order to form a non dimensional partial differential equation, introducing following non dimensional quantities:

- - _ 2 _ _ . B s~ B
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Gn Gm S;, Se, Pr, M, Q and S are Thermal Grashof number, Solutal Grashof number, Soret number, Schmidt number,

Prandtl number, Magnetic parameter, rotation parameter and heat absorption/generation parameter.

By the substitution of above quantities we get the non dimensional form of equation (2) to (5) as:

_ 27
N oay _2Y  G,6Cosp+G,CCosp-Mu—2
ot az k
B ®)
2,
U iR N Vi
ot EZ k (9)
oC 1 8°C 0°6
—_— = — + Sr TZ
ot S oz 0z (10)
2
00_100 o4
8t Pr az (11)
The foIIowmg initial and boundary condition in non dimensional form as:
t<0; u=0,v=0,0=0,C=0 vz
t>0; u:l,vO:O,Hzl,Czl at z=0
u—>0,v—>060—-0C >0 as z—w (12)
For the sake of convenience dropping the bars then we have the system as
2
N 2av=2Y16.0C0sp+G,CCosp—Mu—L
ot oz’ k
(13)
@+ 2Qu :6—\2/— Mv _Y
ot 0z k (14)
oC 1 0C 0°6
s w
¢ (15)
0_100 g,
ot P o0z° (16)
With initial and boundary conditions as:
t<0; u=0,v=0,6=0,C=0 vz
t>0;, u=1lv,=0,6=1C=1 atz=0
u—>0,v—06—->0C—0 as z—ow (17)

METHOD OF SOLUTION

Equations (13) to (16) are partial differential equation with initial and boundary conditions are solved analytically by
Laplace Transform Technique using initial and boundary conditions given by equation (17).

For solving equations (13) and (14) together we have assumed that g=u + i v then combined form of these equations is:

‘2‘3 ‘2?+G@Cos¢+e C Cosp—Mq— 2qu—% (19)
With boundary condition

t<0;,0=0,6=0,C=0 Vz (19)

q=L60=1C=latz=0 and q—>0,d >0,C—>0 asz—> o
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Now taking Laplace Transform (L.T.) on both sides of equation (16) we have

9=%e‘ S (14 Sy + Sy ¥V )

On putting the value of theta in equation (15) we have by L.T.

1 1 sevsefs, PNESNCR 24-82,fs;
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Now solving equation (18) by Laplace Transform after putting the values of Theta and C,
we have g =u+iv and

1
q=[(1/2)Ss;*Sg +2(T——SPr)COS [P](S;(L+S, =S5 =S5, *S) —Sg; *Sg5) G, +
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1
S*TzP

~(2%S, %S5y *S.)/ Sy +(S; * S *S.”) / Sg = Sy + S35 * Sgs ¥ Py + 55, * S5 *S,)S, —
{864 *2*865(_(873) / (SZZPr (_T + SPr)) + (887 (_1_ S72 - 813 + S72 *814)) / (SZ(S —T)ZSC) - S75 +
(S76) 1 (Sg) = (28:6P ) 1 (Sgp) + S5 ™ Sgs ™ B, +S,, S *S;) S, } -

Sy *2* S ( S —(Sg (=1 S,, =Sy + S, *S,,)) 1 (S22S,(-S +T +S*S.)) +(S, *Sy,) / S

e (L4 Sy +€7V% 5, )}

1
{ECOS[(p]Gr (55 (S5(1+S, + S5, =5, *Sy) + TP

2870 (_1+ 835) _
S*TzP./S,
(eSS (L1-e? S _g 42 S )y /(5228 ¥ (=S + T +5S,)) + (Sy) /
(T2yfS, (=S +T +SS,)(TS, =P, (=S +T +55,))) = (2S:/S. ) / Sss + (SssS.™*) / S + (SesP) / (§°25.°S55) -
(€S g (c1-e? % _g 42 S 1)) /(5228 Y (=S + T +5S,)) + (Sey) /
(T2yfS. (=S +T +SS.)(TS, P, (=S +T +55,))) — (2534/S, ) / Sss +(S5uS. ") / Sss + (SesP,) / (8728,7S55) -

1
{E Cos[@](S; 1+ S + Sy, =S5 *S55) —255,)G,, }—{zS, COS[(/’]GmSc3/2(

(2856P) 1 (5725, "%S55) = (2556 1 (S°2y/S, Se) + (S/S¢ )/(SZzPrsss»sr}+ﬁ2565(_(e-W S, (-1
70 r

267°'S, (-1+Erf[S,])
S3(S-T)zy/PS,

~(25,,) 1 (S*24/P.Sie) + (S:) 1 (=S +T)z /P (=T +SP.) S50) = (25,13/P ) / (Sgo) + (S:1P¥2) 1 (Sy,) +

(28,,) 1 (S?2y/P.Ses) +(S:1) 1 (=S +T)z /P, (=T +SP,) Si5) = (2S,,4/P. ) 1 (Se) + (S1:P.¥%) / (Sgy) +

(S;44/P) 1 (S725,555) +(S,,5.) 1 (S?2P¥%5,4))S, ]

u=Re[q] and v=Im[q] where T:M+ZQi+%,i:\/—_l

S,s — Erf[v/S\t =S, 1+ S, EFf [VSVt +S,.1)) / (S22P¥2(-T +SP.)) +

© 2017, IIMA. All Rights Reserved 77



Mohammad Suleman Quraishi*, Dr. Nidhi Pandyal / Effect of Soret and Rotation on MHD unsteady flow past an inclined
infinite porous plate embedded in porous medium with heat generation/ absorption and mass transfer / IJMA- 8(9), Sept.-2017.

The expression for the symbols involved in solutions are given in the appendix.

RESULT AND DISCUSSION

Soret and rotation effect on MHD unsteady flow over an inclined infinite porous plate embedded in porous media. The
dimensionless governing equation of flow field is solved analytically by Laplace Transform technique by for different
values of governing flow parameters. The secondary velocity profile in the direction of plate and primary velocity
profile perpendicular direction to plate, concentration profile and temperature profile are shown through graphs for
different values of flow parameters. The consequences of the relevant parameters on theflow field are broke down and
discussed with the help of graphs of velocity profiles, temperature profiles and concentration profiles.

Fig.1, 2, 3, 9 and 9.1 depicts that the primary velocity ‘U’ increases with increase in Gy, G, k, tand S,.
Fig. 4, 5, 6, 7 and 8 show that velocity decreases with increase in M, @, Pr ,QandS.
Fig.10, 12, 14 and 19 for Secondary velocity ‘v’ described that ‘v’ decreases with increase in @, P, M and S..

Fig. 11, 13, 15, 16, 17 and 18 shows that ‘v’ increases with increase in Q, t, Gy, G,, K and S. Temperature profile € in

Fig. 20, 21 and 22 show decreases with increase in t, S and P respectively. Concentration profile ‘C” increases with

time ‘t” in Fig. 23 and decreases with S; in Fig. 24.
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Fig. 3: Velocity profile ‘u’ for different values of ‘k’ Fig. 4: Velocity profile ‘u’ for different values of ‘M’
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CONCLUSIONS

In this work we have concluded that Soret and rotation effects on MHD unsteady flow over an inclined infinite porous
plate embedded in porous media concluded the following conclusions:

1. Increasing inclination angle, velocity decreases rapidly.

2. Increasing rotation parameter, velocity increases rapidly.

3. Velocity increases speedily as Soret number increases.

4. Velocity also increases with time.

5. Temperature decreases with time.

6. Concentration decreases with increase in Schmidt number.
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Appendix:
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