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ABSTRACT

Numerical solutions are obtained for the MHD free convection flow of a dissipative fluid along a vertical porous
plate in porous media with mass transfer, the surface of which is exposed to a constant heat flux. The non-linear
system of partial differential equations is numerically solved by the implicit finite-difference method. Velocity,
temperature and concentration profiles, local skin-friction, local Nusselt and local Sherwood numbers are plotted
for air. The influence of the Suction rate parameter, buoyancy ratio parameter, porous media parameter ,
dissipation number, Schmidt number and magnetic parameter on heat and mass transfer are discussed.
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INTRODUCTION

Free convection flows are of great interest in anber of industrial applications such as fiber amdnglar
insulation, geothermal systems etc. Buoyancy is afsimportance in an environment where differenibetveen
land and air temperatures can give rise to conelitdlow patterns. Magnetohydrodynamic has attchdtes
attention of a large number of scholars due tdiiterse applications. In astrophysics and geopbysics applied to
study the stellar and solar structures, interstefiatter, radio propagation through the ionosplkéreln engineering
it finds its application in MHD pumps, MHD bearingdc. Convection in porous media has applications i
geothermal energy recovery, oil extraction, therraakrgy storage and flow through filtering devic&he
phenomena of mass transfer is also very commameiory of stellar structure and observable effestsdatectable,
at least on the solar surface. The study of effettmagnetic field on free convection flow is imgant in liquid-
metals, electrolytes and ionized gases. The thephgsics of hydromagnetic problems with mass temg& of
interest in power engineering and metallurgy.

Numerous works have studied this problem, the fifsvhich, Pohlhausen [1], did not consider viscdissipation
but obtained a solution employing the integral rodthHarris et al. [2] investigated the transiemtefrconvection
from a vertical plate when the plate temperatursuiddenly changed, obtaining an analytical solutfon small

time values) and a numerical solution until theadtestate is reached. Polidori et al. [3] propoaettheoretical
approach to the transient dynamic behaviour oftarahconvection boundary-layer flow when a stepatéon of

the uniform heat flux is applied, using the KarmRaklhausen integral method. Other authors stuthiecffect of
the surface temperature oscillation [4,5]. Kasséhsplved the problem for unsteady free-convecfiow from a

vertical moving plate subjected to constant heat.flGebhart [7] was the first to study who studied problem
taking viscous dissipation into account and thithaudefined the non-dimensional dissipation pataméakhar
and Soundalgekar [8] studied the effect of a haimoscillation in the plate temperature in the fasfra travelling
wave convected in the direction of the free-stradEnviscous incompressible fluids. Pantokratorasg8ived the
problem in a stationary situation using the firdiference method, with isothermal and uniform flogundary
conditions in the wall, taking into account viscalissipation. Soundalgekar et al. [10] solved thegient problem
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with an isothermal vertical wall. When heat and snaansfer occurs simultaneously, it leads to aperfluid
motion (the combination of temperature and conegiotn gradients in the fluid will lead to buoyandsiven flows).
This problem arises in numerous engineering prese$sr example, biology and chemical processedeauwaste
repositories and the extraction of geothermal gne8pundalgekar and Ganesan [11] solved the proldém
transient free convection with mass transfer omsathermal vertical flat plate. Gokhale and Samrfi&j studied
the effects of mass transfer on the transient doeevection flow of a dissipative fluid along a sdnfinite vertical
plate with constant heat flux. They obtained mamyotusions concerning the effect of the variatiohthe different
non-dimensional parameters that defined the proldenthe time required to reach the steady-stateenthe
presence of a uniform magnetic field is consideesedew problem can be studied, "Unsteady free adioreMHD
with coupled heat and mass transfer". This probfers attracted the interest of many researchersein of its
application in astrophysics, geophysics fluid dyi@nand engineering. Shanker and Kishan [13] stutlie effects
of mass transfer on the MHD flow past an impulsivetarted infinite vertical plate with variable tperature or
constant heat flux. Ganesan and Rani [14] solvedutisteady free convection flow over a verticalrdgr under
the influence of a magnetic field problem, withaaking into account the viscous dissipation. Hassdial. [15]
considered surface temperature oscillations, uinge different methods, including perturbation asymptotic
methods, the local non-similarity method and anlicitpfinite-difference method. Aboeldahad and Elary [16]
employed a numerical solution using a fourth-or@enge—Kutta scheme to study the Hall effects onhteg and
mass transfer. the natural convection flow of ademting visco-elastic liquid between two heatedtival plates
under the influence of transverse magnetic fiels ben studied by Sreehari Reddy et al [17]. Shaeet al.[18]
have analyzed the thermal radiation effects on dipdgnetic free convection flow past an impulsivetgrted
vertical plate with variable surface temperaturd aancentration is analyzed by taking into accairihe heat due
to viscous dissipation. Recently Suneetha et 8. $fudied the effects of thermal radiation onrlagural conductive
heat and mass transfer of a viscous incompresgibieabsorbing-emitting fluid flowing past an imgiukly started
moving vertical plate with viscous dissipation. Yeecently Hiteesh [20] studied the boundary lagterady flow
and heat transfer of a viscous incompressible ftlid to a stretching plate with viscous dissipatdfiect in the
presence of a transverse magnetic field.

The object of the present paper is to study thastemt free convection flow of an incompressiblssifiative
viscous fluid past a vertical porous plate in psrowedia, under the influence of a uniform transvenagnetic field
in the presence of variable constant heat flux. @hmeensionless governing equations are solved lxyguan
implicit finite difference method .

M athematical model

Consider the free convection flow of a dissipatilgd through a porous medium bounded by an indiniertical
porous plate with constant heat flux (Fig. 1) undee action of a transverse magnetic field. Undersée
assumptions and Boussinesq’s approximation, thve ilagoverned by the following system of equations:

L

=Cons tant

g

ST

Magnetic
Field

Figure. 1. Sketch of the physical model

32
Pelagia Research Library



R. Alizadeh and K. Rahmde Adv. Appl. Sci. Res., 2014, 5(4):31-42

Continuity equation:

ou ov _, (1)
ox oy
Momentum equation:
ou du_ odu oBZ v
U—+v—=0—+p8g(T -T_)+ c—C, |—2u-—u
ax ay ayz ﬁg( °°) Eg( °°) p K (2)
Energy equation:
2
T 0T _ 0T w(adu
U—+V—=0—+—| — 3
0Xx oy dy® c,loy
Mass equation:
oc dc __ 9T
—+t_—=D_—— )
ox oy oy

where u and v are components of the velocity iarxl y directions, respectively, is the kinematic viscosity /3

is the volumetric coefficient of thermal expansioﬁ* is the volumetric expansion

coefficient for mass transfer , g is the acceleratidue to gravity,0 is the density ,K is the permeability
coefficient , 0 fluid electrical conductivity ,B,is magnetic induction o is fluid thermal diffusivity .Cp is

specific heat at constant pressure ,is the temperaturd,  is the temperature of the fluid far away from thete,

C is the concentratiorC _ is the concentration far away from the plate &hds the molecular diffusivity.

The necessary boundary conditions are:

u=0 wv=+v, ,-k—=q , c=c, at y=0 (5)
y

u=0 , T -T, ,c>cCc, ,C=Cc_ at Yy -
Now introduce the following non dimensional quties:

1
uL T -T,)kGr*
U=—o0ou ,v=""l,x=%,v=yl,9=( °°L)
UG 2 UGr 4 LGr * a
- 4 * -c )k 2
C:C Co ,Gr=g’BL2q,SC:£,N='B(CW °°) . M JBOII (6)
C, —C., kv D £aL L[Gr?
1
4
K =—L  g=_ty 9B Y
P 1 L c a
KGr 2 P

where L is the wall height X is the dimensionless axial coordinat¥ ,is the dimensionless axial coordinate
perpendicular toX , U V is the dimensionless velocitiesd, is the dimensionless temperatur€, is the non-
dimensional species concentratio) is the heat flux at the plate, Sc is the Schmidtloer, N is the buoyancy ratio

parameter, Gr is the Grashof numbdf D is porous media paramete5,is the Suction rate parameter , M is the

magnetic parameterPris the prandtl number anél is the dissipation number .
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Then the governing equations reduce to the follgwian-dimensional boundary-layer equations:

al+aizo (7)
0X oY

2 1
UaU +V oV :aU2+6’Gr4+NC—Mu—Kpu (8)

0X oy odY

2 1 2
Uﬂ+\,0_9:i6492+5(;r4(£j o
oX aY Proy aY
oC oC 1 oC
U +V = (10)
oX adY Scay
The dimensionless boundary conditions become:
U@y )=0 V(OY)=0 ,60Y)=0,C(@OY)=0a X =0
_ B 06(X ,0) _ _ _
U(X,O)—O ,V(X,O)—S ,T—_l , C(X,O)—l at Y =0 (11)

UX,0)=0 ,0(X,0)=0 ,C(X,0)=0 at Y -

For practical applications, the major physical giiees of interest in heat transfer include thealoskinfriction
coefficient C,, , the local Nusselt numbeNU, and the local Sherwood numb&h, . They can been expressed
as follows:

1
C, Gr4= (g%) (12)
Y =0
Nu, _ X (13)
=2
. G
Gr4
thl =-X (a—cj (14)
Gr ¢ N K=

3- Numerical Solution of the problem

The governing equations (7-10) are steady, coualetlnon-linear with boundary conditions. An imglifnite -
difference method has been employed to solve thénear coupled equations, as described (Thomasitig) in
Carnahan et al [21]. The finite difference equatioarresponding to equations (7 — 10) are as fallow

n+l _ g n+l n+l _ g n+l
Ui,j Ui—l,j +Ui,j+l Ui,j—l_

0 (15)
AX 20Y
U_n-_*'l _U-n+1- U_n-_i-l _U_n-_i-l
Uin,j |,JAX i-1,j + in’j |,1+21AY ij-1 (16)
_ U .n+1 _ ZJ iny-j*—l +U n+1 1

i,j+1

ij-1 “apon n n n
G ) NG -MUY KU
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+1 +1 +1 +1
un Hlnj _Hin—l,j +y " Hin,j+1_9in,j-l
" AX Y2AY 17)
n+l  _ n+1 n+1 1 n+l _pn+l 2
:iei,jﬂ 26i,j2+6i,j—1+éGrZ Ui Uin
Pr AY 2NY
+1 +1 +1 +1 +1 +1 +1
un Gl -G, v Cin,j+1_Cin,i—l:icinﬁl_zcini +C (18)
) AX ) 2AY Sc AY ?
The region of integration is considered as a repearwith sides Xmax(Zl) and Ymax(=10), where

corresponding to&f — o which lies far from the momentum , energy and eom@tion boundary layers. An
appropriate mesh sizes considered for the caloulaie AX =0.01, AY =0.05. The local truncation error is
0(AY %,AX )and it tends to zero 2AY and AX tend to zero. Hence the scheme is compatible. IByahind
compatibility ensures convergence.

RESULTSAND DISCUSSION

The velocity, temperature and concentration prefilave been computed by using the an implicitdinidifference
method. The numerical calculations are carried foutthe effect of the flow parameters such as $uctiate

parameter §), Prandtl number (Pr), Schmidth number (Sc), Gohstumber (Gr), magnetic parameter (M),
dissipation number& ), buoyancy ratio parameter (N), porous media rpatar (K P ) on the velocity, temperature
and concentration distribution of the flow field® @resented graphically in figure 2-18.

The effects of magnetic parameter on the velotéyperature, and concentration profiles are shawigs. 2-4.

These presented profiles are those at X = 0.5.déen that, velocity decreases with increase gnatec parameter.
temperature and concentration increases with isergathe magnetic parameter.
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Figure 2. Effect of magnetic parameter on dimensionless velocity Profiles at dissipation number (£ = 1.0)

The effects of buoyancy ratio parameter (N) onuékcity, temperature, and concentration profiles shown in
Figs. 5-7. It is observed that the velocity incesasvith increase in buoyancy ratio parameter. teatpee and
concentration decreases with increase in the buyyaatio parameter.

The effects of Suction rate paramet& Y on the velocity, temperature, and concentratioofilgs are shown in
Figs. 8-10. It is observed that the velocity, conication and temperature increases with increasleeirSuction rate
parameter .
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Figure5. Effect of buoyancy ratio parameter (N) on dimensionless velocity Profilesat dissipation number (€ = 1.0)

The effects of porous media parameﬁrp() on the velocity, temperature, and concentrapiarfiles are shown in

Figs. 11-13. It is observed that the velocity dases with increase in porous media parameter paeature and
concentration increases with increase in the ponoedia parameter .
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Figure 6. Effect of buoyancy ratio parameter (N) on dimensionless temper ature distributions at dissipation number (€ = 1.0)
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Figure 8. Effect of Suction rate parameter (S ) on dimensionless velocity Profilesat dissipation number (& = 1.0)

The effect of Schmidth number (Sc) on the concéntraprofile is shown in Fig. 14. It is observedaththe
concentration decreases with increase in Schmidaithber .

The effect of Prandtl number (Pr) on the tempeeaprofile is shown in Fig. 15. It is observed ttia temperature
decreases with increase in the Prandtl number.
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Figure 11. Effect of porousmedia parameter ( K p ) on dimensionless velocity Profiles at dissipation number (€= 1.0)

1
Fig. 16 present the axial evolution of the locdhskiction C, Gr # in steady-state situation. From this figure it is

observed that an increase in the magnetic paramiekeads to a decrease @y, .
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Figure 13. Effect of porous media parameter ( K p ) on dimensionless concentration distributions dissipation number
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Figure 14. Effect of Schmidth number (Sc) on dimensionless concentration distributions dissipation number (€ = 1.0)
: . . : Nu . N .
Fig. 17 depict the axial evolution of the local Nels number "% , In a steady-state situation. From this

Gr4
figure it is observed that an increase in the magparameter M leads to a increaseNtl, .
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Figure 17. Effect of magnetic parameter on Local Nusselt number
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figure it is observed that an increase in the magmparameter M leads to a decreaséSm .
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Fig. 19 show the axial evolution of the local Sheod numbersy
G

;. in a steady-state situation. From this
r 4

figure it is observed that an increase in the Sditmumber (Sc) leads to a increas§m .
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Figure 19. Effect of Schmidth number (Sc) on local Sherwood number

[1] E. PohlhauserZAMM 1 (1921) 115-125.
[2] S.D. Harris, L. Elliot, D.B. Ingham, I. Pont. J. Heat Mass Tran. 41 (1998) 357—-372.
[3] G. Polidori, C. Popa, T. Hoang-Mailech. Res. Commun. 30 003) 515-621.

[4] D.A.S. Reeslnt. J. Heat Mass Tran. 42 (1999) 2455-2464.
[5] J. Li, D.B. Ingham, I. Pop, I. Heat Mass Tran. 44 001) 2311-2322.

REFERENCES

[6] M. Kassem,J. Comput. Appl. Math. 187 @006).
[7] B. GebhartJ. Fluid Mech. 14 (1962) 225-232.

[8] H.S. Takhar, V.M. Soundalgekakppl. Sci. Res. 46 (1989).

[9] A. Pantokratorasippl. Math. Model. 29 005).

[10] V.M. Soundalgekar, B.S. Jaiswal, A.G. UpleKdrS. TakharAppl. Mech. Eng. 4 (1999).

[11] V.M. Soundalgekar, P. Ganesant, J. Eng. Sci. 19 (1981) 757—770.
[12] M.Y. Gokhale, F.M. Al Sammamnt. J. Heat Mass Tran. 46 003) 999-1011.
[13] B. Shanker, N. Kishal, Eng. Heat Mass Tran. 19 (1997) 273-278.
[14] P. Gounder Ganesan, P. Hari Réani, J. Therm. Sci. 39 000) 265-272.

[15] M.A. Hossain, S.K. Das, I. Pomt. J. Non-linear Mech. 33 (1998) 541-553.
[16] E.M. Aboeldahad, E.M.E. Elbarbayt. J. Eng. Sci. 39 @001) 1641-1652.

[17] Sreehari Reddy, P., Nagarajan, A.S. and Stiyai&(2008): Journal of Naval Architecture and Marine Engng,

2, 47 — 56 2008).

Pelagia Research Library



R. Alizadeh and K. Rahmde Adv. Appl. Sci. Res., 2014, 5(4):31-42

[18] Suneetha, S., Bhaskar Reddy, N., Ramachandsa®,V., 2008): Journal of Naval Architecture and Marine
engineering, 2, 57 — 70.

[19] Suneetha, S., Bhaskar Reddy, N., Ramachandsa®, V., 2009): Thermal Science, 13, 2, 71 — 181.

[20] Hitesh Kumar: 2009): Thermal Science 13, 2, 163 — 169.

[21] B. Carnahan, H.A. Luther, and J.0. Wilke4969). Applied Numerical Methods, Wiley, New York.

42
Pelagia Research Library



