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Abstract. The effect of porous medium on unsteady heat argkmransfer flow of fluid
in a porous medium and non-porous medium is ingak&td. The problem is governed by
coupled non-linear partial differential equatioffhe dimensionless equations of the
problem have been solved numerically by using eipfinite difference method. The
effect of flow parameters on the velocity fieldmigerature field and concentration field
are discussed quantitatively and the obtainedisolsiare shown graphically.
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1. Introduction

The phenomenon of heat and mass transfer has he@fbject of extensive research due
to its science and technology. Magneto hydrodyngividD) is currently undergoing a
period of great enlargement and differentiationsobject matter. The MHD heat and
mass transfer processes are of interest in powginegring, metallurgy, astrophysics,
and geophysics. Unsteady convective flows in a ywnmedium have received much
attention in recent time due to its wide applicasian geothermal and oil reservoir
engineering as well as other geophysical and dsgsigal studies. The unsteady fluid
flow past a moving plate in the presence of fre@evection and radiation were studied by
Cogley et. al. (1968), Das, Deka and Rang Sound#ile96), Abdus Satter and Hamid
Kalim et. al. (1996), Grief et. al. (1971), Ganeasend Loganathan (2002). All these
studies have been confined to unsteady flow inrpamus medium. From the previous
literature survey about unsteady fluid flow, we efye that little papers were done in
porous media. The effect of radiation on MHD flomdeheat transfer must be considered
when high temperatures are reached. Hakiern (206f0)ied the unsteady MHD
oscillatory flow on free convection-radiation thgfua porous medium with a vertical
infinite surface that absorbs the fluid with a dang velocity. Cookey et. al. (2003),
researched the influence of viscous dissipation raaation on unsteady MHO free-
convection flow past on infinite heated verticahtpl in a porous medium with time
dependent suction. Naby et. al. (2004), studiedeady MHD convective heat transfer
past a semi-infinite vertical porous moving plafmwar et. al. (2009), studied and
combined the effects of Soret and Dufour diffuseord porous impedance on laminar
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magneto- hydrodynamic mixed convection heat andsnteensfer of an electrically-
conducting, Newtonian, Boussinesq fluid from a igattstretching surface in a Darcian,
porous medium under uniform transverse magnetid. fideat and mass transfer for Soret
and Dufour's effect on mixed convection boundagetdlow over a stretching vertical
surface in a porous medium filled with a visco-8tafiuid in the presence of magnetic
field. Ahmed and Kalita et. al. (2012), is examirgtt investigate the problem of an
oscillatory MHD free convective flow through a pasomedium with mass transfer, soret
effect and chemical reaction when the temperatare/al as concentration at the plate
varies periodically with time about a steady medRecently, Anuradha and
Priyadharshini (2014), studied and combined theect$f of unsteady MHD free
convectiveheat and mass transfer on the flow of viscous fhaist an impulsively started
semi-infinite vertical plate with Soret effect. the present analysis, it is proposed to
study the effect of heat and mass transfer flowiséous fluid through a porous media
and non-porous media. Ahmmed and Das et. al. (2@Escribed Analytical Study on
Unsteady MHD Free Convection and Mass Transfer Ffast a Vertical Porous Plate.
The closed solutions have been obtained for thecitg] temperature and concentration
profile. The effects of various parameters on takaity, temperature and concentration
are obtained graphically.

Hence our aim of this research is to compare tfextethe speed of fluid in porous
and non-porous medium for non-dimensional velotityconcentratiorC, Temperature
profile T for different parameters Garsof Number, Modifiedréhof Number, Prandtl
Number and Schimidt Number.

2. Mathematical formulation

We discussed an unsteady two dimensional naturalextion flow of an incompressible

viscous fluid past an impulsively started vertipdte through porous medium and non-
porous medum. The positive x coordinate is measal@ug the plate in the direction of

fluid motion and the positive y coordinate is meagunormal to the platéd uniform

transverse magnetic fieR is imposed parallel to y-direction. The magnetiyRolds

number of the flow is taken to be small enough #remagnetic field is negligible in
comparison with applied magnetic field and the nedignlines are fixed relative to the
fluid. The level of concentration of foreign massassumed to be low, so that the Soret
and Dufour effects are negligible.

The level of concentration of foreign mass is assdito be low, so that the Soret
and Dufour effects are negligible..Initially, it éonsidered that the plate as well as the
fluid is at the same temperatdre and the concentration lev@l .Also it is considered
that the fluid and the plate is at rest. Again admsthe plate is to be moving with a
constant velocityJ in it's own plane. Instantaneously at tihe O the temperature of

the plate and species concentration are rais€gl &md C, respectively, where ,JC,

are temperature and spices concentration at thie .,C_ are the temperature and

the concentration of the species outside the pledpectively. Then under the above
assumptions, the governing boundary equations #ihssinesq’'s approximation are
given below:
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Porous medium:
Continuity equation:

ou  ov _
—+—=0
ox oy (1)
Momentum equation:

2 2 2
a_u+ua—u+v@=g,B(T—Tm)+g,8*(C—Cm)+u 6_L21+6_L21 o8, _ 1, @
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Energy equation:
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+ + +—

—+Uu—+v—= —

d  oax 9y pc\ o oy 3)
Concentration equation:

oC, 0C odC _ 9°C  9°C

T HU—H+V—=D, | 5t 4)
ot ox oy ox- oy

In Non- Porous medium:

Continuity equation:

Jdu ov

FVRvil (5)
ox oay

Momentum equation:

ou du_ du . 0°u 0u)| O'uB’
—+u—+v—=gB(T-T, )+ C-C)+u| —+— |- 2 6
ot ox oy 9A(T-T.)*+of ( ) (ax2 asz 0 ©)
Energy equation:
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- TU-tV—= > T2 @)
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Concentration equation:

oC o0C oC _ 0°C  9°C

- FU——+V—=D,| 5 +—— (8)
ot 0Xx oy ox- oy

The boundary conditions for the problem are:
atr=0u=0v=0T=0C=0
u=0,v=0T=0,C=0 atx=0
atr>0u=0yv=0T=T,C=C, aty=
u=0;,v=0T=0C=0 aty- o
whereu, v are thex, andy components of velocity vector, , wheveis the fluid viscosity,
p is the density of the fluidg is the thermal conductivityC, is the specific heat at the

(9)
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constant pressureD is the coefficient of mass diffusivity. We assuniatt the
temperature difference within the flow are suffitlg small so that theT “can be
expressed as a linear function after using Taykstes to expandl* about the free
stream temperaturd and neglecting higher-order terms. This resultha following
approximation: T4 n4r®-3r¢. To obtain the governing equations and the boyndar

condition in dimension less form, we have the felllgy non-dimensional parameters are
as follows,

U U 2 _ -T _ _
X=x—2 y=y=0 y=VY r=tdoe 7_T-T, c-C-C ,-u
\ v U, v T,- T, C,-C., U,

Substituting the above relations in equation (1)etpation (8) and corresponding
boundary conditions (9). Therefore the governingatigns in the dimensionless form
become equation (10) to equation (17) with the damncondition (18),

Mathematical Formulation for porous Medium

u oav
a_+a_:0 (10)
oxX oY

2

a—U+Ua—U+Va—U:Grf+Gm6+ag—MU—KU (12)
or oX oY oY

_ _ _ —
CANRTLUSRVLUNE L) (12)
ar X  aY P aY

_ _ _ -
a—C+Ua—C+Va—C=iaCZ (13)
or X dY S aY
Mathematical formulation for non-porous Medium
a_U+a_V:0 (14)
oX aY

2

a—U+Ua—U+Va—U:Grf+Gm5+aU2—MU (15)
or oX oY aY

_ _ _ —
CANRTLLNRVLUNE i (16)
or  oX  aY P aY

_ _ _ -

or X aY S oY
Also the associated initial and boundary conditibasome
atr=0; U=0v=0T=0C=0

U=0V=0T=0C=0 atX=0

atr>0; {U=0v=0T=1C=1atY=0 (18)

U=0V=0T=0C=0 atY- o

3. Numerical solurions
In order to solve the non-dimensional system byirtidicit finite difference technique, it
is required a set of finite difference equatiomsthlis case, the region within the boundary
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layer is divided by some perpendicular linesYofaxis, whereY -axis is normal to the
medium as shown in Fig. 2. It is assumed that tagimrum length of boundary layer is
Yax = 25 as corresponds ¥ — o i.e. Y varies from 0 to 25 and the number of grid
spacing inY directions isP = 400,hence the constant mesh size aldhnaxis becomes
AY =0.0625(0< y < 25 with a smaller time-step\t =0.001. Let U’, T', C' denote the
values of U, T, Cat the end of a time-step respectively. Using tglicit finite

difference approximation, the following appropriats of finite difference equations are
obtained as,

For porous medium:
u. -u. Vv -V

i AX i-1,j + i AYl -1 — 0 (19)
Ui',j _Ui,j +U Ui,j _Ui—l,j +V Ui,j+1_Ui,j - Ui,j+l_2Ui j +U, im1y
AT H AX " AY (AY)2 (20)
GT+G,C-MU, -KU,
Tu,'j _Tu,j +U TI] _Ti—l,j +V Ti,j+1_Ti,j =iTi,j+1_2Tij +T -1 21)
i i 2
AT AX AY P (AY)
Ci',j _Ci,j +U, Ci,j _Ci—lj v Ci ,j+1_Ci j :ici j+1 2Ci 12+ Ci -1 (22)
AT ! AX ! AY S, (AY)
For non-porous medium:
Ui,j _Ui—l,j +Vi,j _Vi,jfl =0 (23)
AX AY
Ui U, +U Ui, -Uiy +V U —UYi =Ui,j+l_2Uij+Uij—1
AT o AX i AY (AY)2 (24)
+GT +G,C-MU,
T|,J _TIJ +UijT|,j _-rl—lj +\/ijTi,j+1_Ti,j =iTiJ+l_2Tij2+Tij—1 (25)
AT ' AX ' AY R (AY)
I]_ (9] +U|J i,j 1-1,j +\/IJ |,j+1_ [} :iCi,j+1_2Ci j2+Cij—l (26)
AT AX AY SC (AY)

The initial and boundary conditions with the findé#ference scheme are
atr=0;, u=0yv=0T=0C= (
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u=0;v=0T=0C=0 atx=0
atr>0;,qu=0y=0T =T, C=C, aty=
u=0,v=0T=0C=0 aty-

4. Results and discussion

To observe the physical situation of the problene steady-state solutions have been
illustrated. These results show that the veloditgtribution increase with the increase of
Garsof NumbelG,, Modified Garshof Numbe®,,, Prandtl NumbeP, and decrease for

Magnetic numbeM and Schimidt Numbées, both in porous and non-porous medium.

The effect ofMagnetic numbeM and Schimidt Numbe& on the velocity, temperature
and concentration distributions are respectivelgese results show that the velocity
distributions decrease both in porous and non-gomeadium with the increase of time
7 =10, 30, 8C but in porous medium it becomes steady with tlreeimse of time and in

non-porous, unsteadyhe temperature and concentration distribution®laabit impact
with the increase of Garsof Numbgr, Magnetic numbeM and for Schimidt Numbegc
both in porous medium and in non-porous mediumtliekness expands but in non-
porous medium it expands more than porous. It fechthat the concentration decreases
with the increase dfc in porous, where thickness increase in non-porbis.noted that
the temperature and concentration decreases witiedse of Prandlt numbé&r and
Garsof NumbeiGr, where concentration distribution has no impactHeandlt number
Pr both in porous and non-porous medium respectively.

A qualitative comparison for the parametés,G, ,M, P, and S, are presented in Table
1. For porous and non-porous medium.

Incre¢ | Inc | In Porous mediul In Nor-Porous mediul

sed rea | Stead U T C Stead | U T C

Param| se

eter

1=10-

80

M Inc | Unstead | Dec | Noimg | No | Stead | Dec | expanc | expant
imp

Gn Inc | Unstead | Inc | Noimg | No | Stead | Inc | expan( | expant
imp

G Inc | Unstead | Inc | Dec Dec | Stead' | Inc | Dec Dec

P Inc | Unstead | Inc | Dec No | Stead' |Inc | Dec No img
imp

S Inc | Unstead | Dec | Noimg | Dec | Stead | Dec | expant | expant

Table 1: A qualitative comparison for the paramet&s,G, ,M,P. and S,
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5. Conclusion

In this paper the effects of porous medium on w@tkteheat and mass transfer flow of
fluid have been studied numerically. Explicit fmitifference method is employed to
solve the equations governing the flow. From thespnt numerical investigation,
following conclusions have been discussed:

a)

b)

The result of the computations shows that the flgpbed goes higher for all
parameters likeG,G,,M,P, and S, in non-porous medium and with increase of

time the speed of flow in non-porous medium godsdvand sometimes goes more
than twice from porous medium.

For temperature profile it is observed that thevflof fluid expends in non-
porous medium with increase of time but in porowedimm the flow has no
impact for parameteG,, andM. But for R and G the flow expands in both
medium but it expands more in non-porous medium gwous medium.

Other important effects of flow are shown for camcation profile for different
values of parameter, &, B and $ at timer =10, 30, 8( the flow of fluid expands

in non-porous medium and it increases with theease of time but in porous
medium it has no effect. The same case aris€s forOn the other hand the fluid

flow spreads in non-porous medium rthan from porous medium and with the
increase of time it expands more in non-porous omedhan porous medium and It
shows no effect in porous medium for the parantetdéaut shows a bit expansion in

non-porous medium. Lastly foB, the flow expands more in porous medium than

from non-porous medium.
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