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Abstract. The MHD free convection fluid flow with the Sordfext on the combined heat
and mass transfer unsteady flow past a continuguelying semi-infinite vertical porous

plate in a rotating system has been investigatedenigally under the action of induce
magnetic field. This study is performed for coolipgpblem with lighter and heavier
particles. Numerical solutions for the primary @ty field, secondary velocity field,

temperature distribution as well as concentratimtridution are obtained by using the
explicit finite difference method. The obtainedults to observe the effects of various
parameters are shown graphically. Finally, the i@y findings of the investigation are
concluded.
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1. Introduction

The effect of mass and heat transfer, and magfietic on MHD boundary layer flow
has become important in several industrial, sdientand engineering fields. In
astrophysical and geophysical studies, the MHD Haonlayer flows of an electrically
conducting fluid have also vast applications. Magsearchers studied the laminar flow
past a vertical porous plate for the applicatiorthe branch of science and technology
such as in the field of mechanical engineering @mmical engineering. Research works
on radiation of heat and effects of magnetic fialfee convection flow are very limited,
though these have many modern applications vizsilaigechnology used in army,
nuclear power plant, parts of aircraft and ceratibés. The heat radiation and chemical
reaction with or without magnetic field, suctioniojection, has been analyzed by several
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characters. General boundary layer equations fortimmmous surfaces have been
developed by Sakiadis [1].

Agarwal et al. [2] studied the effects of Hall Gamt on the hydro-magnetic free
convection with mass transfer in a rotating fluidkhar and Ram [3] studied the effects
of Hall current on hydro-magnetic free convectikmvfthrough a porous medium.
Chaudhary and Sharma [4] have analytically analyiedsteady combined heat and
mass transfer flow with induced magnetic field. Bk Kalita [5] investigate the
magnetic field effect on unsteady free convectiddDMflow between two heated vertical
plate. Dileep and Priyanka [6] studied the effemtsheat transfer of rotating cautte flow
in a channel partially filled by a porous mediunihwhall current. B. P. Garg [7] studied
combined effects of thermal radiations and haltexiron moving vertical porous plate in
a rotating system with variable temperature. Sahial. [8] established a mathematical
model on magneto- hydro-dynamic transient free &vded convective flow with
induced magnetic field effects. Magneto-hydrodyraifidw and heat transfer of two
immiscible fluids with induced magnetic field efteds investigated by Zivonin et al. [9]

Dufour and Soret Effects On Steady MHD Free CongacAnd Mass Transfer
Fluid Flow Through A Porous Medium in A RotatingsBsm have been investigated by
Nazmul and Alam [10]. Sandeep et al [11] investdahe effect of inclined magnetic
field on unsteady free convection flow of dissipatfluid past a vertical plate. Seth et al.
[12] studied Effect of Rotation on Unsteady Hydrgmeatic Natural Convection Flow
Past an Impulsively Moving Vertical Plate with RasdpTemperature in a Porous
Medium with Thermal Diffusion and Heat AbsorptioRajput and Kumar [13]
investigated the Rotation and Radiation Eects orDMHbw Past an Impulsively Started
Vertical Plate with Variable Temperaturehe main objective of the present study is to
investigate numerically MHFree Convection fluidlow over a Vertical Porous Plate in
a Rotating Systenn the presence of Soret effect, hall effddiass and Heat transfer
effectwith Induced Magnetic Field.

2. Mathematical formulation

Let us consider a unsteady MHD combined heat anssrtransfer by free convection
flow of an electrically conducting incompressiblesaous fluid past an electrically
nonconducting continuously moving semi-infinite tieal porous plate. The flow is
assumed to be in the x-direction which is takemglohe porous plate in upward
direction and y-axis is normal to it. Since flowiisonly x-direction and the plate is

semi-infinite so;—Z = 0. A strong uniform magnetic field is appliedrmal to the plate

that induced another magnetic field on the elealijcconducting fluid.

Initially we consider that the plates as well ag ttuid are at the same
temperaturdl’ = (T,)) and the concentration levél= (C,) everywhere in the fluid is
same. Also it is assumed that the fluid and theepgkaat rest after that the plate is to be
moving with a constant velocity, in its own plane and instantaneously at time0,
the temperature of the plate and the species ctratien are raised t&,,(> T,,) and
C,, = (C,) respectively, which are thereafter maintained taonis wherel,,, C,, are the
temperature and species concentration at the wdllTg, C,, are the temperature and
concentration of the species far away from theeplespectively.
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The x-component momentum of equation reduces to kthendary layer
equation if the only contribution to the body forisemade by gravity, the body force
per unit volumeg, = —g where g is the local acceleration due to gravilyere is no

body force in the y-direction and z-direction ifg.= 0 F, = 0. Thusg—i and‘;—z which

implies thatP = P(x). Hence the x-component pressure gradient at amt o the
boundary layer must equal to the pressure gradletite quiescent region outside the
boundary layer. However, in this regian= v = 0. Initially the fluid as well as the plate
is at rest, after that the whole system is alloveetbtate with a constant angular velocity
Q about the y-axis. Since the system rotates abputaxis, so we can take

Q= (0,—Q ,O). A uniform transverse magnetic field of magnituBgis applied in the
direction ofy —axis. The physical configuration of the problem is fshed in Figure 1.

Within the framework of the above-stated assumptitie generalized equations relevant
to the unsteady problem are governed by
the equation of continuity yields

. Ou  O0v , Ow
V.q=0 I.G.a—x+a—y+a—0 (1)
The Momentum equation for a viscous compressibliel fin vector form is
24(q.V)q +2Q%q = F—%VP+ uVq )

whereF = (Fy, Fy, F,) is the body force per unit masd;is the fluid pressure andl is
the kinematic viscosity.

Now we apply a strong magnetic field B that indueedther magnetic field on
the electrically conducting fluid. As a result thquation (2) becomes as a magneto-
hydrodynamic(MHD) equation in the following form

%+(q.v)q+2§2><q=F—%VP+UV2+%(]XB) ©)

where] = (J, Iy, J,,) is the current density.

The MHD energy equation for a viscou x

incompressible electrically conducting fluir

with viscous dissipation and Joule heatir

term is

T K 2 1

St @UT = = T +—pciwé+a ¢
(4)

where T is the fluid temperatur€, is the

specific heat at the constant pressure rargd

the thermal conductivity and

o= u2{(2) + (2 + (2))+ s, i

v . ou\2 ow  av\>2 du . ow\?2
G+a) *G+5) G+

Also ¢ denotes the dissipation functio
involving the viscous stress and the MHD Figurel. Physical conflguratlon ar
species  equation for a  viscous coordinate syste.

incompressible electrically conducting fluid
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is

25+(q.V)C = Dy v2c+DmKt V2T (5)
The MHD generallzed Ohm s law is of the form
]—cs(E+q><B)—e—ne(]><B)+£VPe (6)

where E is the electric field intensith), is the pressure of the electron, e is the charge
of electron and, is the number density of electrons.
Gauss'’s law of magnetism

V.B=0 (7)
Now
Q x q = Qwi — Quk 8) (
The equation (7) is satiesfied by
B = Byj 9)
So the equation of Ohm’s law becomes
J+5.0 xB) = o(q x B) (10)
wherem = .1, is the Hall parameter.
] X B = —ByJ,1 + BoJxk (11)
q X B = —Bywi + Byuk (12)
Now from equation (10), (11), (12), we get
Il + g5 + 1k + Bﬂo (—Byli + BoJxk) = o(—Bowi + Bouk) (13)

Now equating the coefficient of i, j, k and solvjnge get
_ oBg(mu-w) -0 _ oBo(u+mw)

== oy =0 =

J x B__ch%(u+mw) ~ . oBZ(mu-w)

1rmz_ | + 1+m? (14)

In two-dimensional Cartesian coordinate system tloatinuity equation (1), the
momentum equations (3), the MHD energy equatiorafd) the MHD species equation
(5) are as follows

Continuity equation

au

F ay =0 (15)
Momentum equation

ou ou ou * 0%u
atugtvgt 2Qw = gB(T—-T,) + gp (C—C,) Loy

(u+mw) (16)

0w Gz
—+u—+v——ZQ Dw+p(1+m2)

Magnetlc |nduct|on equation

(mu — w) a7

aT | aT | 9T _ x 9T au ow)2
ATV Tt {(ay) +(5)) (18)
Species equation
2
a_c+ ac+ —D 9°C | Dmik; 8T (19)

ma_yz T 0y2

W|th the corresponding initial and boundary coratis are
u=0,w=0,T=T,,C=C, aty=0

u=0, w=0T->T,C—-C, asy> » (20)
Now we introduce the following dimensionless queesi
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on yUo _w tUo . T-Tew —~_ C-C,
X== Y="2U=— V 0o W‘u_o’ . ,T= o ,C= S
From the above dlmen3|onless variable we have
x=2 y= u= WU, v= WV, w= UgW, T= T, + (Ty — T.)T and

0

C=C. + Gy~ CIT.
Then the continuity equation, the momentum equatidine energy equation and the

concentration species equation reduces to the form
y

ax W =0 (21)

ar U—+V S=GT+G c:+aY2 (1+mz)(U+mW) —RW (22)
6W 2w

U& Vo= 0Y2+(1+mz) (mU—W) +RU (23)

6_T 6_T oT l 02 T au 2 IW, o
01:+ Uax +VaY P ov2 Ec{( (aY } (24)

aC_ 1020 aZT
U& v sov? S5 (25)

where G= W ( Grashof Number ), ,sz (Modified Grashof Number ),
O

0
M= ‘Z’BO ( Magnetic Parameter ), R 2 (Rotational parameter), # — orC —=, (Prandtl

U2
Number), E=

Co(Tw—Tx0)
Dkt (Tw—T
—UTm(CW ) ( Soret Number ).

Also the associated initial and boundary conditibasome
U=0,W=0,T=1C=1 atY=0
U=0, W=0,T=0,C=0as Y- o (26)

(Eckert Number ), §—— (Schmidt Number) And &

3. Numerical solutions
The system of non-dimensional, nonlinear, coup! \ X
partial differential equations (21)-(25) with boang =
condition (26) are solved numerically using explic +?
finite difference method. To obtain the differenc
equations, the region of the flow is divided intgra

or mesh of lines parallel t& andY axes, whereX -

axis is taken along the plate aNdaxis is normal to
the plate. T |

i+l

Here the plate of heightX,, (=100 is [iz

considered i.eX varies fromo to 100 and assumed o
Ymax(= 30) as corresponding t¥ — « i.e. Y varies ! ._ Y

from 0 to 30. There arem(=150) and n(=150) /=0 /=2 /=1 J jebj+2 j=n

grid spacing in thex andY directions respectively Figure2. Explicit finite

as shown in Figure 2. It is assumed thxt, AY are difference svstem ar

content mesh size alongk and Y directions respectively and taken as follows,
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AX = 0500< X <100)and AY = 015(0<Y <30) with the smaller time-step,
AT =0.005.

Let U', W', T andC' denote the values af, W, T andC are the end of a time-step
respectively. Using the explicit finite differenapproximation, the following appropriate
set of finite difference equations are obtained as;

Uu':-uU!.. V.=V .
|1 . |, -
I UYL o o
AX AY
u ul u —lJ Uj—U, L41+1 2y;+ ujl - —
* Vi = T +G.C— (U, +mW,)-RW.
q] AY (AY)Z Gl’ 1) Gm (1+n‘?)(u'J |'J) RV\(,J
(28)
W +U;, Wy Wy W Wy Wi m2W W | My —RU,
AT j AX )] AY (AY) (1+m ) i
(29)
Tij-Tj . Tj-Ti4j_ ., Tja-Tj_1Tja-2nj+Tja. _, Y ,+1 U, W,+1 V\(J
Y, i == E +
~ + 1] AX + L AY R (AY)Z + c{ ) ( )}
(30)
G~ +Uj G =Gy +Vi | GGy _ 1 Cim” ~2G;+Cija +S, Ti w1 =2Tij +Tij4
At AX 1Ay s, (AY) (av)?
(31)
with the boundary condition;
Uir,]o =0, VV.no =0, -|__in,o =1, Einp =1
UL =0 W] = O,-Fin,L =0, E|n|_ =0 whereL - o (32)

Here the subscript and j designates the grid points witik and Y coordinates
respectively and the superscript represents a value of timer=nAr where
n=012,..... . The velocitfU,W), temperature (T) and concentration(E)
distributions at all interior nodal points have be®amputed by successive applications of
the above finite difference equations.

40



Numerical Simulation on MHD Free Convection Masd &eat Transfer Fluid Flow ..

4. Results and discussion

For the purpose of discussing the results of tlblpm, the approximate solutions are
obtained for various parameters with small valueEakert number. In order to analyze
the physical situation of the model, we have comguhe numerical values of the non-
dimensional primary velocity, secondary velocity W, temperatufeand concentration
C within the boundary layer for different values ofagnetic parameteM, Hall
parameter m, Soret numbgg, Prandtal numbeP,., Schmidt numbelS, and Eckert
numberE, with the fixed value of Grashof numiggrand modified Grashof number
G,,. Along with the obtained steady state solutiom® flow behaviors in case of
cooling problem are discussed graphically. The ifefof the primary velocity,
Secondary velocity, temperature and species coratent versusy are illustrated in
Figs. 3-14 respectively.

From the Figs. 3-6 we see that the primary velobitglistribution increases
gradually near the plate and then decreases slhawlgway from the plate. Also we see
that it decreases with increasing Magnetic parameétall effect parameter, Rational
parameter, Prandtl number. The secondary veloaitfilpsW have been shown in
Figs. 7-9. These results show that secondary \gldaacreases with increasing Hall
parameter, Eckert number and decreases with inogeltagnetic parameter.

The temperature distributions have been illustrated various values of
Radiation parameter, Eckert number and Prandtl euarnnbFigs. 10-12 respectively. We

see that the temperature distributions increse$ witreasing Eckert number and
decreases with increasing Rotational parametend#raumber.

b G, =1,Gp=1m=01R =03 b . =1,G,=1,M=02,R =03
P.=0.7,E,= 05,5, = 04,5, =0.7E,=05,5.=04S5,=0.3
Ush Value of M =03 Ulle]
1..M=0.2, 2.M=04 7 Value of
3..M = 0.6, 4..M =08 20 Bl 1.m=0.1, 2.m=03
4. m=0.7
15
1
0.5
:‘EY‘“%O B 2lo=‘Y‘ 30
Figure 3: Primary velocity profile due to Figure 4. Primary velocity profile due to
change of Magnetic parameter. change of Hall parameter.
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G, =1,Gyp=1,m=0.1,R =03 7 G =16y, =1m=0.1,M=02
: M =02,E, =055, =045, & P. = 0.7,E, = 05,5, = 04,5, = 0.3
25 Value of B. =03 Ut Value of R’
1..R' =00,
. 1..R. =00, 2..P.=02
3..P,=07, 4..P.=10
150
1
0S5
%] 10 20= v = 30 5 > Y 0
Figure 5: Primary velocity profile due to Figure 6: Primary velocity profile due to
change of Prandtl number. change of Rotational parameter.
G, =1,Gp=1,m=01,R =03 °F G =1,G,=1,M=02,R"=03
2k P. = 0.7,E, = 0.5,S, = 0.4,5, = 0. I P.=0.7,E.=0.5,5S. =04,5,=0.3
W Value of V woF value of n
1.M=02 2.M=04 L 1.m=01 2..m=03
vopd 3.M=06, 4..M=08 2rp 4. m=07
L . 1.5;
i

0.5

30

=
e
» Y

Figure 7: Secondary velocity profile duefigure 8: Secondary velocity profile due to
to Change of Magnetic parameter. Change of Hall parameter.

sk G.-=1,6G,=1m=0.1R =03 G.-=1,6,=1m=0.1R =03
| P.=0.7,M=0.2,S. =04,S, = 0.3 & M=02E, =055 =04S,=0.3
Value ofE. Tos Value of P,
4 2..E,=02 :
4..E. = 10 oF 1 "'Pr = 00, 2 "'Pr = 02
¢ 3..P.=08  4..P.=10
B0
> Y
Figure 9: Secondary velocity profile due Figure 10: Temperature profile due to
to change of Eckert number. change of Prandtl number.
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G, =1,6,=1m=0.1,R =03 21 G, =1,6,=1m=01,M =02
P.=07,M=0.2,S,=0.4,5,=0.3 I P.=0.7,E.=05,S.=04,5,=0.3
Value ofE, T . Value ofR’

° “E =02 : 1..R'=00, 2..R =03
1.0 3..R"=06, 4..R =09

— ~
)
= iy

0 0 ZO‘Y

>y >
Figure 11: Temperature profile due toFigure 12: Temperature profile due to
change of Eckert number. change of Rotational parameter.

G, =1,6,=1m=01LR =03

G, =1,G,=1,m=01R =03
P =07,E =05, =04,M =02

P =07,E =05M=025,=03

Value ofS, Value ofS,

ook 1..S,=00, 2..5,=03
4..8,=09

30

;Y

Figure 13: Concentration profile due to Figure 14: Concentration profile due to
change of Schmidt number. change of Soret number.

The concentration profiles have been shown forouarivalues of Soret numbés, ) and
Schimdt number(S,) in Figs. 13-14. These results show that the cdatien

distributions decrease for the increase Schmidthaunand increase with the increase
Soret number respectively.

5. Conclusions

A transient heat and mass transfer problem by démesection flow of an electrically
conducting incompressible viscous fluid moving sémfinite vertical porous plate under
the action of strong magnetic field with Soret &whimdt effect, constant heat and mass
fluxes is investigated in this work. Some of theportant findings obtained from the
graphical representation of the results are listgtwith;

1. The primary velocity decreases with the increasi of, R’ or P...

2. The secondary velocity increases with the incresdsm or E. while it decreases
with the increase of,.
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The temperature profile increases with the incredigg while it decreases with the
increase oR or P, .

The concentration profile increases with the inseeaf S, while it decreases with
the increase of,.
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