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Abstract. The effects of Joule heating on MHD free-convectioid mass transfer flow

over a vertical porous plate with ion-slip curreiitsa rotating system are investigated.
The finite difference method is used as main tawl the numerical approach. The
governing equations are derived in the boundargrlaand considering Boussinesqs’
approximations. The equations with boundary cood#i are converted using usual
transformations. The effects of magnetic parameéterslip parameter, Eckert number
and other involved parameters on the velocity, enapre and concentration field have
been studied extensively and represented graphidalis observed that for different

values of the magnetic parameter, the primary Viglodistribution decreases while

temperature, concentration distribution increases
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1. Introduction
The natural convection flow on a vertical surfacebedded in porous media occurs in
many important engineering and Geophysical apjidinatsuch as geothermal reservoirs,
drying of porous solids, thermal insulation, entehoil recovery, packedbed catalytic
reactors, cooling of nuclear reactors, and undergt@nergy transport. Hall and ion-slip
currents are important and they have a markedteffe¢the magnitude and direction of
the current density and consequently on the magnfetice term. The rotating
hydrodynamic flows of incompressible fluids in ghk@sence of porous boundaries occur
in MHD power generators, including magnetically sustudy is also useful in
metallurgy. Study of the interaction of Coriolisrde with electromagnetic force in
porous media is important in some geophysical atiephysical problems, since many
astronomical bodies, posses magnetic field and fhieriors.

Ferdows et al. [1] investigated the effects of Halll ion-slip currents on free
convective heat transfer flow past a vertical pledesidering slip conditions. Steady
motions of electrically conducting viscous fluidsdugh a porous medium in presence of
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magnetic field, which are of interest in many stifenand engineering domains, have
attracted considerable attention of many investigatVidyasagar et al. [2] studied heat
and mass transfer effects on MHD boundary layew ftwer a moving vertical porous
plate. Rajput and Mohammad [3] investigated rotagfiect on unsteady MHD flow past
an impulsively started vertical plate with varialdenperature in porous medium. Das et
al. [4] studied Hall effects on unsteady hydromadignttow past an accelerated porous
plate in a rotating system. Singh and Madhab [smered MHD Free Convective Heat
and Mass transfer of fluid flow past a moving vakasurface in porous media. Quader
and Alam [6] investigated the effects of Hall cutrend viscous dissipation on MHD
free convection fluid flow in a rotating system.dgRanath et al.[7] presented Hall Effects
on MHD Convective rotating flow of through a poromsedium past infinite vertical
plate. Nisat Nowroz Anika et al. [8] investigatedlHcurrent effects on magnetohydro-
dynamics fluid over an infinite rotating verticabnous plate embedded in unsteady
laminar flow. Wahiduzzaman et al.[9] studied und{e®IHD-free convection flow past
from a rotating vertical plate with the influencé loall and ion-slip current. Very
recently, the viscous and Joules dissipation atetrial heat generation was taken into
account in the energy equation. The effects ofotisadissipation and Joule heating are
usually characterized by the Eckert number andptioeluct of the Eckert number and
magnetic parameter, respectively and both haveyaingortant part in geophysical flow
and in nuclear engineering that was studied by Adinal [10] . Abdou[11] studied the
effects of MHD and Joule heating on free convedbwgandary layer with a variable plate
temperature in a porous medium. Jaber [12] corsithe influence of hall current and
viscous dissipation on MHD convective heat and msassfer in a rotating porous
channel with Joule heating. Raju and Srinivasa [I8]sidered Joule heating effect on
MHD free convective heat absorbing/generating wisatissipative Newtonian fluid with
variable temperature. Subbanna et al.[14] discubsidD® free convective flow through
porous medium past an infinite vertical plate. llakannal and Venkateswarlu [15]
investigated unsteady MHD convective flow of anompressible viscous fluid through
porous medium over a vertical plate.

In this regards our aim is to investigate the Jdwdating effect on unsteady
MHD free convective heat and mass transfer flovoulgh a vertical porous plate with
ion-slip currents in a rotating system. The effaftyarious emerging parameters on the
velocity, temperature and concentration field aseussed graphically in details.

2. Governing equations

The two dimensional unsteady flow of an electricall
conducting incompressible viscous fluid past semi-
infinite vertical porous plate has been considefidd
flow is assumed to be in the-axis which is taken
along the plate in the upward direction apehxis is
normal to it. Initially the fluids as well as théafe are

at rest but for time > 0the whole system is allowed to
rotate with a constant angular velocfy about they - Figure 1: Physical configuration
axis. Both the plate and the fluid are maintaine@nd coordinate system
initially at the same temperature. Also it is asedm
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that the temperature of the plate and spices caratEm are raised to,,(>T,) and
Cy(>C,) respectively. The physical configuration of thelgem is shown in Fig.1. A
strong magnetic field is applied in thedirection. The uniform magnetic field strength
B, can be taken a=(0,B,,0). However, for such a fluid, the ion-slip curreil
significantly affected the flow in presence of langagnetic fields. The induced magnetic
field is neglected, since the magnetic Reynoldsbermof a partially-ionized fluid is very
small. The equation of conservation of electric rghdl.J =0 gives j, = constant
because the direction of propagation is considemdy alongy -axis andJ does not
have any variation along thg-axis. Since the plate is electrically non-condugtithe
constant is zero i.ej, =0 at the plate and everywhere. The equations whiclerg the

flow under the above consideration and Boussineggpsoximation are as follows:

The continuity equation: ou +ﬂ =0 (1)
ox oy

Momentum equations;
ou ou ou 0%u

E"'U&"’Va—y:UOy—z"' gﬁT(T_Too)"' g,BC(C—Cw)+ZQW—%u

(2)
0eBE
-—(ze—oz)(aewﬂeW)
plag +Be
2 2
B
a_W+ua_W+Va_W:Ua_W—ZQu—Ew+ 9ebo (Beu—aew) (3)
ot 0x oy ayz ,00'5"' g

Energy equation;

2 2
a_T+ua_T+Va_T: K a ;—+ a'-eZBO 2‘(U2+W2)
ok p oy’ peylal+pl)

(4)

Concentration equation;
dC oC aC __ d°’C

—HU—+V

o _p. 2t 5
a  oax dy " gy? ®)

The initial and boundary conditions for the probdeane;
t<0 u=0v=0,w=0T=T,,C=C, everywhere (6)

t>0,u=0v=0,w=0,T=T,,C=C,, at x=0
u=Ugv=0w=0T=T,,C=C,, aty=0
u=0v=0w=0T=T,,C=C, asy-o 7)

where a. =1+ 8.6, , B. (Hall parameter),s; (ion-slip parameter),3; (volumetric
coefficient of thermal expansion}.(concentration expansion co-efficient]) (angular
velocity), g (acceleration due to gravityy, (Kinematic viscosity)p (fluid density), k

(permeability of the porous mediumg, (Specific heat at constant pressure)(Thermal

213



M. Jamal Hossain and M. Delowar Hossain

conductivity), D, (Co-efficient of mass diffusivity)B, (uniform magnetic field),o.
(Electrical conductivity),T (temperature in the boundary layerT), (temperature outside
the boundary layer; (concentration in the boundary laye€), (concentration outside
the boundary layer), ( dimensional time)u,v,w are velocities in coordinatesy, z.

3. Mathematical formulation

The problem is simplified by writing the equatioimsthe non-dimensional form. Now

introduce the following non-dimensional quantities

Wo y_Wo U v W TTo o CoC, @
v 1] Uo Ug v Tw—To Cw~-Cow

Then introducing the dimensionless quantities (Beduations (1)-(5) respectively, the

following dimensionless equations are as follows;

U E)V

X =

9
ax oy 9)
2
U Ua_U+Va_U__aU+GT+G - C +2RW —JU - _Mla + W) (10)
ar  oX Y ay2 al + g2
2 -
W Ly OW W _OW oo s M (B - aW) 1)
6r oX oY aYz ae2+ﬁez
= 2+ 2
oT 0T, 0T _ 1077 mpuZ+w?) 12)
ar - oX aY P gy? a2+ B2
~ 2~
aC Uac y9C_19C (13)
ar X Y S gy?
The corresponding boundary conditions are as fajow
t<0,U=0V=0W=0T=0C=0 everywhere (14)
t>0,U=0,V=0W=0T=0C=0 atX=0
U=1V=0W=0T=1C=1 atY=0 (15)

U=0,W=0T=0C=0 asY -

where G, LS)U (Grashof number)g,, :w (modified Grashof
U Uo

0
aeBgu . U

number), M =—— (magnetic parameterk, = number), S, =5
AJg

m

02
(Schmidt number),R = % (rotation parameter)y = —2 (permeability parameter),
UO kUO
U2
E. =——2—— (Eckert number).
Cp(Tw _Too)
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4. Solution technique

The governing second order non-linear X

coupled dimensionless partial differential }

equations have been solved numerically with j =y

the associated boundary conditions. The

explicit finite difference method has beer i+1 —tr—
used to solve the coupled equations (9)-(1 7 i s

with boundary conditions (14)-(15).To obtain4 [1AX

the difference equations the region of the| '~1 T 7 71

flow is divided into a grid or mesh of lines | j-»2 —

parallel to X andY axes, whereX —axis is i=ol__&Y : >Y
taken along the plate and-axis is taken j=0 1-2171 J J+1 J=n

normal to the plate. Here the plate height Figure2: Finite difference grid
Xmax ©50) is considered i.eX varies from

00 to 950 and assumed,,,, (65.0) as correspondiny — « i.e. Y varies from00 to

650 . There arem=2500 and n=2500 grid spacing in theX and Y directions
respectively and taken as followX = 038(0< X <95 and AY = 026(0<Y < 65 with the

smaller time stefr = 0.005.

5. Results and discussion

The physical situation of the above model, the aigfoprofiles in x and zcomponents
are commonly known as the primary and secondaryciteds. The numerical results
has been carried out for dimensionless primaryoiglqU ), secondary velocityy ),

temperaturel ), species concentrationC (), local shear stresses inaxis (r ),
local shear stressesznaxis (r|yy ), local Nusselt numbers\(, ) for various values of
the material parameters such as ion-slip paramgtgr{nagnetic parametey( ), rotation
parameterR), Prandtl numbef§, ), Schmidt number . ), permeability parametey(),
Eckert number E; ). The values for the parameters are chosen ailyitia most cases.
Some standard values for of the Prandtl numbrer) (is considered because of the
physical importance. These afe = 071 corresponds to airP, =10 corresponds to

electrolyte solution such as salt water ahd= 163 corresponds to glycerin at°c and
the value of Schmidt number is considegd= 060 which represent specific condition

of flow (060corresponds to water vapor). The importance ofinggroblem in nuclear
engineering in connection with the cooling of reast the values o6, and G, are taken

positive. Throughout the calculations the valuesspfand G, are taken very large (
G, = 50andG,, = 20). Form Figures 3-4, it is seen that the primarpeiy (U ), local
shear stresses x-axis (r| ) increase with an increase of ion-slip paramefg).(This

is due to fact that the effective conductivity dmxses, which reduces the magnetic
resistive force affecting on the primary flow. Téecondary velocitfyy)) has decreasing

effect with the increase g8, which are found in Figures 5. From this figuresitclear
that ion-slip parameteg; retards the flow which leads to reduction in bcanydayer
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thickness. Analyzing the Figure 6, it is clearlgisehat the primary velocity)) profiles
increases with the increaBg. This is due to the heat energy stored in thaditpecause

of the frictional heating. The effect of Eckert noen on the temperature is shown in
Figure 7. The effect of viscous dissipatioon flow field is to increase the
energy, Yyielding a greater fluid temperaturd as a consequence greater buoyancy
force. The increase in the buoyancy force dwe an increase in the dissipation
parameter enhances the temperature. Locaditusimbersi, ) has reverse effect
which is shown in Figure 8. From Figures 9, it bbagn seen that the primary velocity
(V) decreases whereas the secondary veI@m:)threases with an increase of magnetic
parameter in Figures 10. An increase in the valfuth® magnetic parameter leads to
increase in the magnitude of the Lorentz force Wwhserves to retard the primary
velocity. The result of Figures 10 indicates thw tesulting Lorentzian body force will
not act as a drag force, but as an aiding bodyefofdis will serve to accelerate the
secondary fluid velocity. From Figures 11-12 sitseen that the primary velocity {,
local shear stressesnraxis (7, ) decrease with an increases of Prandtl numBgy. (
This is because in the free convection the platecity is higher than the adjacent fluid
velocity and the momentum boundary layer thickndssreases. From Figure 13, it is
observed that the temperature distributions deereath increasing values of Prandtl
number. This is consistent with the well-knowntf#tat the thermal boundary layer
thickness decreases with increasing values of Brandhber.

E. =0.001 R=05 ! T TTIIIINES
15 P = 071, V= 2.0 2,_ 7
M = 10, S, = 06 r
,B:OSGr:S.O ...t / _
U G =20 Lq-Bj i B5i 01,0509
E;. =0.001 R=05
oy P =07L y=20
sk _ M =10, 5. =06
o G = 01,0509 B = 05(3 —c0
14 Gm =20
00‘‘I‘1‘0““2‘0‘‘IYI3I0I‘II40 ZIO 4I0 XGIO 8C
Figure 3: Primary velocity profilesfo  Figure4: Local Shear stress ix-axis
different values ofg, for different values of3
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6. Conclusion
The Effect of ion-slip current on MHD free convectiand mass transfer flow over a

vertical
effects

porous plate in presence of rotating syskawve been studied numerically. The
of governing physical parameters on thenary velocity, secondary velocity,

temperature as well as local shear stress in xzanaixes, local Nusselt number are
presented in graphically.

The primary velocity, local shear stress in x-agigicreased while the secondary
velocity is decreased with increasing values ofsbp current parameter.

The primary velocity, local shear stress in x-ax&nperature distributions are
increased where as local Nusselt number is deatesitie increasing values of
Eckert number.

The primary velocity is decreased but the secongalgcity is increased with
increasing values of magnetic parameter.

The primary velocity, local shear stress in x-atéspperature distributions are
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decreased whereas local Nusselt number is incregisedhe increasing values
of Prandtl number.
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