International Journal of Applied Mathematics A International Academy of Science,

& Statistical Sciences (IJAMSS) }

ISSN(P): 2319-3972; ISSN(E): 2319-3980 Engineering and Technology

Vol. 5, Issue 6, Oct - Nov 2016; 17-28 Connecting Researchers; Nurturing Innovations
© IASET IASET g ; g

RADIATION EFFECT ON NATURAL CONVECTION FLOW PAST AN  IMPULSIVELY
STARTED INFINITE VERTICAL PLATE THROUGH POROUS MEDI UM IN THE
PRESENCE OF MAGNETIC FIELD AND FIRST ORDER CHEMICAL REACTION

HEMANT POONIA * & UMASHANKER *?
'Department of Math, Stat & Physics, CCSHAU, Histaryana, India
Takshila P. G. College, Behror, Alwar, Rajasthawdja

ABSTRACT

In this paper, the effect of thermal radiative pastimpulsively started infinite vertical plate dlmgh porous
medium under the influence of transverse magnedétd fhas been discussed. The fluid is assumed tagrig,
emitting — absorbing but non-scattering medium e optically thick radiation limit is consideretihe dimensionless
governing equations are solved using Laplace toameftion technique. The velocity and temperaturdilps are shown

graphically. The variation of skin — friction andidkelt number are also shown in the table.
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1. INTRODUCTION

In recent year, the subject of magneto-hydrodynarmiés attracted the attention of many authorsew viot only
of its own interest, but also of its application gooblems in geophysics, astrophysics and engingeAt the high
temperatures attained in some engineering devigas, for example, can be ionized and so becomesleatrical
conductor. The ionized gas or plasma can be mad#dmct with the magnetic field and alter heanhsfer and friction
characteristic. Since some fluid can also emit @osbrb thermal radiation, it is of interest to sttite effect of magnetic
field on the temperature distribution and heatsfanwhen the fluid is not only an electrical coow but also when it is
capable of emitting and absorbing thermal radiatibhis is of interest because heat transfer byntaeradiation is

becoming of greater importance when we are condewiitn space application and higher operating teatpee.

In this paper, we consider one of the simplest jgralof this type in which an electrically condugfjrradiation,
viscous incompressible fluid past an impulsivebrtgd infinite vertical plate through porous mediunder the action of a
constant pressure gradient is subjected to anretteragnetic field of constant strength in the cimn perpendicular to

the plate and to the direction of flow.

Several investigations have been carried out obleno of heat transfer by radiation as an imporgpglication
of space and temperature related problems. Greif ] obtained an exact solution for the problefntaminar convective
flow in a vertical heated channel in the opticdtyn limit. In the optically thin limit, the fluiddoes not absorb its own
emitted radiation which means that there is noaadbrption but the fluid does absorb radiationtiahiby the boundaries.
Soundal gekar and Takhar [2] studied that effeatadfation on the natural convection flow of a gast a semi infinite

using the Cogly-Vincentine-Gilles equilibrium mod@&logly et al. [3]).

Hossain and Takhar [4] analyzed the effect of tamhausing the Rosseland diffusion approximatiorickHeads
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18 Hemant Poonia & Umashanker

to non-similar solution for the forced and free wection of an optically dense viscous incompressfhlid past a heated
vertical plate with uniform free stream and unifosurface temperature, while Hossaion et al. [Sflistithe effect of
radiation on free convection from a porous vertipldtes. Muthucumaraswamy and Kumar [6] studied ttrexmal

radiation effects on moving infinite vertical platethe presence of variable temperature and ni#fssidn.

Gorla et al. [7] solved the non-similar problenmfrefe convective heat transfer from a vertical pt®edded in a
saturated porous medium with an arbitrarily varymgface temperature. Sattar and Alam [8] presentesieady free
convection and mass transfer flow of a viscouspnmgressible, and electrically conducting fluid pastnoving infinite
vertical porous plate with thermal diffusion effe&ffect of porosity on the free convection flowoa) a vertical plate
embedded in a porous medium was investigated bth@eiet al. [9]. Their results show that as theopity is increased
the temperature variation becomes steeper, th#éhdsheat transfer rate is increased. Kumari efldl. investigated the
mixed convection flow over a vertical wedge embetitea porous medium. They found that the heasfers increased
with the Prandtl number and the effect of permégbin the heat transfer is very small. Chen [1tljdged the natural
convection flow over a permeable inclined surfadth wariable wall temperature and concentratiore Tésults show that
the velocity is decreased in the presence of a atagfield. Increasing the angle of inclination deases the effect of
buoyancy force. Heat transfer rate is increasednwhe Prandtl number is increased. A comprehensview of the
literature concerning natural convection in fluattgated porous media may be found in the bookalield and Bejan
[12], Vafai [13]. Mazumdar and Deka [14] considerad electrically radiating, viscous incompressifiléd past an
impulsively stated infinite vertical plate undeethction of a constant pressure gradient in thegmae of magnetic field.
The influence of thermal radiation on the boundawer flow due to an exponentially stretching sheettudied by Sajid
and Hayat [15]. El-Aziz [16] considered the thermediation effect on an unsteady flow. Singh andni&u [17] observed
the effects of chemical reactions on unsteady M2 ftonvection and mass transfer for flow pasttavhdical porous
plate with heat generation/absorption through psmedium. Rao and Shivaiah [18] studied the chdmézection effects
on unsteady MHD flow past semi-infinite verticalrpos plate with viscous dissipation. Radiation &8eon MHD flow
past an exponentially accelerated isothermal \@ritate with uniform mass diffusion in the presen€ a heat source was
studied by Reddy et al. [19]. Prakash et al. [2@lgsed the diffusion-thermo and radiation effexataunsteady MHD flow

through porous medium past an impulsively stamddite vertical plate with variable temperaturalanass diffusion.

In this paper, our objective is to examine quatititdy the effect of magnetic field of an opticalllgin viscous
incompressible fluid from an impulsively startedrtieal plate through porous medium in the preseatdhermal
radiation. The results of Mazumdar and Deka [l4}ehdeen extended by using porosity parameter. We ladso
compared the previous results Mazumdar and Dekhifildhe presence of porosity parameter. The teatpes and
velocity distribution are evaluated numerically feome values the radiation parameter, magneticnptes, porosity

parameter, Prandtl number and time.
2. MATHEMATICAL FORMULATION

We consider an electrically conducting, radiatietgcous, incompressible fluid past an impulsivetarted

infinite vertical plate through porous medium. igiy, the plate and the surrounding gas are atstn@e temperature
T. >0. Attime t'> 0, the plate temperature is slightly increased fo-T. >0 and the magnetic field of strengtB,

is assumed to be applied in a direction perpenalidol the vertical plate, so that there exists é@evection current in the
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vicinity of the plate when the plate is given arpirtsive motion with a velocity, The X'-axis is taken along the plate in

the vertically upward direction and thg'-axis is taken normal to the plate, in the direcid the applied magnetic field.

Then the fully developed flow of a radiating gag@verned by the following set of equations:

] 2.0 2.0 ]
- Y gy - T
] 2T
pC, aT, =2 Tz _aqr'
ot oy oy 2.2)

With the following initial and boundary condition

t'<O, u=0T'=T, forally
u'=u, T'=T ,6 at =0
tl>0’ { ] 00 -I-r -\Il-vr y|
u -0, -T, a y'-» o 2.3)

In the optically thick limit, the fluid does not sdrb its own emitted radiation that is there issetf absorption,
but it does absorb radiation emitted by the boumrdatt has been shown by Cogly et al. [3], thathim optically thick limit

for a non-gray gas near equilibrium, that

= AT )], 20,04 = 41, (T-T)
0

oy (2.4)
Where,
K . is the absorption coefficieg, is the Planck function and the subscript w refergalues at the wall.
On introducing the following non-dimensional quéies
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In the equations (2.2.1) to (2.2.4) leads to
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The initial and boundary condition in non-dimensibquantities are
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t<0, u=0, =0 forally
u=1l =1 aty=0
U—>0,9—>0, asy - o« 2.8)

3. SOLUTION OF THE PROBLEM

Using Laplace transform technique, solution ofatipun (2.6) is given by
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Skin-Friction
Knowing the velocity field, we now study the chasge the skin-frication, which is given in non-dingonal

form as

,z_(@] :_i(a_UJ
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Then from equation (3.1), we have
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Solution of equation (2.7) by using Laplace Transfis

1 = [Fr .= [Ft
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Nusselt Number

The rate of heat transfer

Nuz_(%j :_i(%J
Y Jimg 2dt\on)

Nu:ﬁerf(\/gyr\/%e_g

4. RESULTS AND DISCUSSIONS

(3.4)

Figure 1 shows the velocity profiles for variousues of the magnetic parameters M. It is obserhad the fluid

velocity decreases exponentially as increasipgand also concluded that the fluid velocity decayth increasing

magnetic parameter M as shown in Figure 1.

——M=1
—a—M=2

——M=3

Figure 1: Velocity Distribution for Various Values of the
M, Taking t=0.2, F=5, Pr=0.71, K=2

14
0.9
0.8
0.7
0.6 1

S 0.5 4
0.4+
0.3
0.2
0.1+

——Pr=0.71
—8—Pr=7

Figure 2: Velocity Distribution for Various Values of the
Prandtl Number Pr, taking+0.2, F=5, K=2, M=2

Figure 2 and 3 had shown the effect of Pr on thecity and temperature profiles. From Figure 4sitoncluded
that the fluid velocity decreases with increasimgRPom Figure 3, it is observed that an increasthe Prandtl number

results a decrease of the thermal boundary layekrtbss and in general lower average temperatutenathe boundary
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layer, the reason is that smaller value of Pr grévalent to increase in the thermal conductivityhe fluid and therefore
heat is able to diffuse away from the heated sarfaore rapidly for higher values of Pr. Hence ia ttase of smaller

Prandtl numbers as thermal the boundary layeiiékeh and the heat transfer is reduced.
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0.7 1 —a—Pr=7

Figure 3: Temperature Dist. for Various Values of he Prandtl
Number P, Taking t=0.2, F=5, K=2, M=2
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Figure 4: Velocity Distribution for Various Values of the Porosity
Parameter K, Taking t=0.2, F=5, Pr=0.71, M=2

"Figure 4, shows the effects of the porosity patemé) on velocity profiles againsg . It is observed that

velocity increases with increasing K. Since thespree of a porous medium increases the resistarft@a resulting in

decrease in the flow velocity. This behavior isidegal by the decrease in the velocity as K decseaseshown in Figure 4.
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Figure 5: Velocity Distribution for Various Values of the
Time t, Taking t=0.2, F=5, Pr=0.71, K=2
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Figure 6: Temperature Distribution for Various Valu es of the
Time t, Taking F=5, Pr=0.71, K=2, M=2
Figure 5 and 6 reveal the velocity and temperagpuodiles against y for different values of t resppely. In both
Figures, the magnitude of velocity and temperafneegreatest at the plate and then decays to ggnopgotically. In both

Figures, the velocity and temperature profilesease with increasing t.

Figure 7 and 8 show the velocity and temperatuofilps against y for different values of F respeetly. In both
Figures, the magnitude of velocity and temperafne greatest at the plate and then decays to zganentially. An
increase in F causes a significant decrease ingloeity. We also note that with increasing valoé$ the time taken to
attain the steady state is reduced. Thermal radidhix therefore has a de-stabilizing effect oa transient flow regime.
This is important in polymeric and industrial flggvocess, since it shows that the presence of theaadation while
decreasing temperature, will affect flow contrarfr the plate surface into the boundary regime.¥®eted, temperature
values are also significantly reduced with an iasg2in F as there F is a progressive decreaseeimdh radiation

contribution accompanying this.
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Figure 7: Velocity Distribution for Various Values of the Radiation
Parameter F, Taking t=0.2, Pr=0.71, K=2, M=2
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N

Figure 8: Temperature Distribution for Various Valu es of the Radiation
Parameter F, Taking t=0.2, Pr=0.71, K=2, M=2

The numerical values of skin-friction and Nussalimber are presented in table 1 & table 2 respdytifor

different values of radiation parameter F, magnegiameter M, Prandtl number Pr, porosity paranetnd time t.

Table 1
T M F K Pr T
0.2 2 3 2 0.71 1.680508
0.2 2 5 2 0.71 1.661427
0.2 2 7 2 0.71 1.660503
0.2 3 5 2 0.71 1.558516
0.2 4 5 2 0.71 1.421356
0.2 2 5 5 0.71 1.593168
0.2 2 5 10 0.71 1.570173
0.2 2 5 2 7 1.773236
0.4 2 5 2 0.71 1.427777
0.6 2 5 2 0.71 1.361989
0.8 2 5 2 0.71 1.337882
Table 2

T Pr F Nu

0.2 0.71 3 1.853258

0.2 0.71 5 2.287374

0.2 7 5 3.802999

0.2 0.71 10 3.170112

0.4 0.71 5 2.241608

0.6 0.71 5 2.23688

0.8 0.71 5 2.236204

5. CONCLUSIONS

In this paper, our objective is to examine quatititdy the effect of magnetic field of an opticalllgin viscous
incompressible fluid from an impulsively startedrtieal plate through porous medium in the preseatdhermal
radiation. The non-dimensional equations are solvgidg Laplace-transform technique. The temperatume velocity
distribution are evaluated numerically and showapgically for some values the radiation parametagnetic parameter,
porosity parameter, Prandtl number and time. Efféadifferent parameters on skin-friction and Nussember are also
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shown in tables.

Nomenclature

Cp - Specific heat at constant pressudeKg ™. K™, G, - The thermal Grashof number

g - Acceleration due to gravityn.s™, K - Thermal conductivity\Wim 'K ™

K' - The porosity parameteK - Dimensionless porosity parameteg,-BElectromagnetic induction

M - The magnetic parameter, F — The dimensionledatiad parameter, Nu — the Nusselt number
P - Prandtl numberT ' - Temperature of the fluid near the plat€,, t' - Time, S, t - Dimensionless time
U’ - Velocity of the fluid in the - direction, m.s™, U, - Velocity of the platems™,

U - Dimensionless velocityy' - Coordinate axis normal to the plaie)

y - Dimensionless coordinate axis normal to theeplat

Greek Symbols

[ - Volumetric coefficient of thermal expansiok - U - Coefficient of viscosity, Pa.s
U - Kinematic viscosity,M.S™, p - Density of the fluid,Kg.m™, ¢ - Conductivity of the fluid

T - Dimensionless skin-frictiond - Dimensionless temperature,

erfc- Complementary error functiorerf - Error function

Subscripts

w - Conditions at the wallp - Conditions in the free stream
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