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ABSTRACT

The effects of radiation on unsteady MHD free cotive flow of a viscous incompressible electricalbnducting
fluid past an oscillating vertical porous plate eedded in a porous medium with an oscillatory héat fn the
presence of a uniform transverse magnetic fileceHaeen studied. The governing equations descrii@dlow are
solved analytically. It is observed that the fluglocity is effected by the magnetic parameteiindrease in radiation
parameter leads to decrease the fluid velocity rtkarplate and to increase away from the plate. fliiid velocity
increases near the plate and it decreases away ftanplate with an increase in suction parametdre Bolution
exists for both suction and blowing at the platee Tluid velocity increases near the plate anceitrgases away from
the plate with an increase in Darcy number. It éems that the fluid temperature decreases near thte @nd it
increases away from the plate with an increasethmee radiation parameter or Prandtl number or siact parameter
or frequency parameter. Further, it is seen that #mplitude of the shear strass and the tangetiteophase angle at
the plate decreases with an increase in eitheratidin parameter or Prandtl number or suction paraene

Keywords. MHD free convection, Darcy number, Prandlt numbegt flux, suction/blowing and phase angle.

INTRODUCTION

Magnetohydrodynamic free convection flow throughqus media are very important particularly in thedds of
petroleum technology for the flow of oil throughrpas rocks, in chemical engineering for the puaificn and
filtration processes and in the cases like drugngation through human skin. The principles of thibject are very
useful in recovering the water for drinking andgation purposes. The knowledge of flows througlope medium is
also useful to study the movement of natural gabsweater through the oil reservoirs. A humber ofdg&d have
appeared in the literature where the porous mediwgither bounded between parallel plates. At gk temperature
attained in some engineering devices, gas, for pl@mnsan be ionized and so becomes an electricalumor. The
ionized gas or plasma can be made to interactthvitimagnetic field and alter heat transfer andidrccharacteristic.
Recently, it is of great interest to study the efffief magnetic field on the temperature distribatamd heat transfer
when the fluid is not only an electrical conduchut also when it is capable of emitting and absaylthermal
radiation. The heat transfer by thermal radiat®obhécoming of greater importance when we are caedewith space
applications, higher operating temperatures and ptsver engineering. The radiative free convecfloers are
encountered in countless industrial and environnmotesses e.g. heating and cooling chambers,| flogdi
combustion energy processes, evaporation from lapggn water reservoirs, astrophysical flows, sqawer
technology and space vehicle re-entry. The radidimat transfer play an important role in manuféatuindustries
for the design of reliable equipment. Nuclear poplants, gas turbines and various propulsion defdacaircraft,

3722
Pelagia Research Library



Sib Sankar Mannaet al Adv. Appl. Sci. Res,, 2012, 3(6):3722-3736

missiles, satellites and space vehicles are examgflsuch engineering applications. Such a flowt pasinfinite
vertical plate oscillating in its own plane wasfistudied by Soundalgekar [1] in case of an igathéplate. Mansour
[2] has studied the interaction of free convectigth thermal radiation of the oscillatory flow pastvertical plate.
Gholizadeh [3] has presented the MHD oscillatoopflpast a vertical porous plate through porous omadn the
presence of thermal and mass diffusion with coni$taat source. Jha [4] has investigated the rofeaafnetic field on
transient forced and free convection flow pastrdimite vertical porous plate through a porous medwith heat
source. The flow past an infinite vertical osciligt porous plate embedded in a porous medium heee Hescribed
by Jaiswal and Soundalgekar [5]. Zhang et al [6fhstudied the free convection effects on a heatetical plate
subjected to a periodic oscillation of the plateeeffects of thermal radiation on the flow pastanillating plate
with variable temperature have been studied bydka¢h al. [7]. Sharma et al. [8] have studied thsteady free
convection oscillatory couette flow through a parenedium with periodic wall temperature. The freawection
effects on a vertical oscillating porous plate vatinstant heating have been studied by Toki [Q&rdnakala [10] has
investigated the radiation effects on the flow masimpulsively started vertical oscillating platéh uniform heat
flux. In many industrial applications, hydromageefiows also occur at very high temperatures inclvtthermal
radiation effects become significant. Radiative Midbnvective flows are also important in astrophgsiand
geophysical regimes. Soundalgekar [11] has studibgdromagnetic natural convection flow past aieat surface.
Helmy [12] has investigated MHD unsteady free cative flow past a vertical porous plate. Hossaialef13] have
analyzed the heat transfer response of MHD freevextive flow along a vertical plate to surface temgure
oscillations. Kim [14] has founded an unsteady MEd@hvective heat transfer past a semi-infinite eattporous
moving plate with variable suction. Singh et ab][have studied the free convection MHD flow obéating viscous
fluid in a porous medium past a vertical porousepl®he hydrodynamic free convective flow of anicgity thin gray
gas in the presence of radiation, when the indataghetic field is taken into account has studie®aptis et al. [16].
Chandrakala and Raj [17] have studied the effetthermal radiation on the flow past a semi infnitertical
isothermal plate with uniform heat flux in the prase of transversely applied magnetic field. Chaungland Jain
[18] have presented the magnetohydrodynamic trahs@nvective flow past a vertical surface embeddedporous
medium with oscillating plate temperature. Chaugllaad Jain [19] have studied the combined heataass transfer
effects on MHD free convection flow past an ostiig plate embedded in a porous medium. Chandrakadh
Bhaskar [20] studied the effects of thermal radiatin the flow past an infinite vertical oscillagiisothermal plate in
the presence of transversely applied magnetic.figlsd El-Naby et al. [21] investigated magnetohytiramic
transient natural convection-radiation boundargtajow with variable surface temperature, showtimgt velocity,
temperature, and skin friction are enhanced witlse in radiation parameter, whereas Nusselt nurisberduced.
MHD flow over a moving infinite vertical porous péawith uniform heat flux in the presence of thernadiation has
been investigated by Rani and Murthy [22]. Das [283% analyzed the exact solution of MHD free cotigadlow
and mass transfer near a moving vertical platdénpresence of thermal radiation. Krishna and Baj§24] have
studied the MHD free and forced convection flowNs#wtonian fluid through a porous medium past amite
vertical plate in the presence of thermal radiakieat transfer and surface temperature oscillatileddy et al. [25]
have presented the radiation and chemical reaefifects on free convection MHD flow through a paaenedium
bounded by vertical surface. The unsteady MHD heat mass transfer free convection flow of polaid8upast a
vertical moving porous plate in a porous mediumhwieat generation and thermal diffusion has beedied by
Saxena and Dubey [26]. The mass transfer effeckdtdd mixed convective flow from a vertical surfawith Ohmic
heating and viscous dissipation has been investigat Babu and Reddy [27]. Saxena and Dubey [28} haalyzed
the effects of MHD free convection heat and maasstier flow of visco-elastic fluid embedded in aqaes medium of
variable permeability with radiation effect and teaurce in slip flow regime. Devi and Gururaj [2@lve studied the
effects of variable viscosity and nonlinear ragiaton MHD flow with heat transfer over a surfagetsthing with a
power-law velocity. The radiation effects on thesteady MHD convection flow through a non unifornribontal
channel have been studied by Reddy et al. [30].efteets of thermal radiation and viscous dissgpratin MHD heat
and mass diffusion flow past an oscillating veltiptate embedded in a porous medium with variahidase
conditions have been analyzed by Kishore et a]. BR&ddy and Reddy [32] have described the MHDIlagory flow
past a vertical porous plate embedded in a rotatimgus medium.

In this paper, we study the radiation effects onMfdee convection flow of a viscous incompressiblectrically
conducting fluid past an oscillating vertical posqulate embedded in a porous medium in the presgreeniform
transverse magnetic field. The plate is oscillatings own plane with a velocity,coswt, w being the frequency

of the oscillations andl, is positive constant. The heat flux at the plate-igcosax, g and k are positive
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constants. A uniform magnetic field of strengHy is imposed perpendicular to the plate. The gowgrmeiquations
along with the boundary conditions are solved ditaily. It is observed that the fluid velocity, decreases near the
plate and it increases away from the plate witinarease in either magnetic paramedr’ or radiation parameter
R or Prandtl numberPr or suction paramete§ or frequency parameten or phase anglenr . The velocity u,
increases near the plate and it decreases awaytioptate with an increase in Darcy numb@a . The fluid velocity
u, increases with an increase in Grashof numBer It is also observed that the solution existdlfierblowing at the

plate. It is seen that the temperature distributtbrdecreases near the plate and it increases awaytifi® plate with
an increase in eitheR or Pr or S or n. Further, it is seen that the amplitude of theaslstrassR, and the
tangent of the phase at the plate decreases with an increase in eitheor Pr or S.

Mathematical formulation and itssolution

Consider the unsteady flow of a viscous incomphbésslectrically conducting fluid past an osciltegivertical porous
plate embedded in a porous medium with uniformisaair blowing at the plate. The plate oscillate&s own plane
with the velocity u,cosat in a given direction. We choose the-axis along the plate, in the vertical upward
direction andy -axis perpendicular to the plate. An external umifamagnetic field of strengtiB, is imposed

perpendicular to the plate [See Fig.1] and theepkataken electrically non-conducting. Thermaliatidn acts as a
unidirectional flux in they -direction. The fluid is gray and absorbing-emittinut non-scattering and the magnetic

Reynolds number is assumed to be small so thatétimagnetic field can be neglected. The velocdtymonents are
(u,v,0) relative to a frame of reference. Since the piatanfinitely long, all the physical quantities Wibe the

function of y and t only. The equation of continuity]1[@ =0 gives ?:O which on integration yields
y

v = -y, (constant, where g = (u, v,0). The constanty, denotes the normal velocity at the plate whichoisitpre for
suction and negative for blowing. The solenoid#tien OB =0 gives B, =constan' everywhere in the fluid
where EE(O B 0).

1Dy

Wy ST

Fig.1: Geometry of the problem

Under usual Boussinesq approximations, the floa cfdiating gas is governed by the following setauiations

ou du

MM gp(T-T) v 2T A 1

o oy gB(T-T.) o p VoK Y 1)
oT __aT)_ 3T o

C,| ——V,— | = ke ——, 2

pp(at °ayj o7 oy @)

where u is the velocity in thex-direction, g the acceleration due to gravityj the coefficient of thermal
expansion,v the kinematic viscosity,o the fluid density,k the thermal conductivityc, the specific heat at
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constant pressure angl the radiative heat flux.

The boundary conditions of the problem are
u:uocosa)t,g—T:—E coswt &y =0 andi- OT- T Sy-> (3)
y

where u, is a positive constant.

The radiative heat flux can be found from Rossekgparoximation [33] and its formula is derived frome diffusion
concept of radiative heat transfer in the followingy

q =2 oT°
T 3k" oy’

where ¢ is the Stefan-Boltzman constant akd the spectral mean absorption coefficient of theliona. It should

be noted that by using the Rosseland approximatierlimit our analysis to optically thick fluids. the temperature

differences within the flow are sufficiently smalhen equation (4) can be linearized by expandifginto the
Taylor series abouT, and neglecting higher order terms to give:

(4)

T4 = 4T°T- 3T (5)

It is emphasized here that the equation (5) is lyideed in computational fluid dynamics involvingdiation
absorption problems [34] in expressing the tefth as a linear function.

On the use of (4) and (5), equation (2) becomes

oC a_T—Va_T —kﬂ+160f-rs£r (6)

Plat oy ay>  3kY 9y’
Introducing the non-dimensional variables

2 -
ulzi,rzu_ot'” :iylg :—(T T‘:’)k%, ©)
U, v
equations (1) and (6) become
2
6_u1_36_u1: Gr9+a_L2'l_[M2 +i)q’ (8)
or on an Da
2

o[20-599) 20 ®

or  dn) on

2 cV 2
where Mzziozv is the magnetic parametel?r:’okp the Prandtl numberGr = g,lk?civ the Grashof
uO
A . _uzk” VW
number, S=— the suction parameterDa=—-— the Darcy numbern=—- the frequency parameter and
U, v Us
_ 3RPr
3R+4’

On the use of (7), the boundary conditions (3) bezo
1/ . N 06 1/ . r

u==(d"+e"|, —=-=(&"+ &) atn =0. 10

=3 ) 55 =73l ) at (10)

Uy -0,68-0asn -

To solve equations (8) and (9) subject to the bamndonditions (10), we assume the solution inftlewing form

3725
Pelagia Research Library



Sib Sankar Mannaet al Adv. Appl. Sci. Res,, 2012, 3(6):3722-3736

6(n,1) =g, (meE™ +q@) e,
w(n.7) = f,(7)e™ + f.(7)e™.

(11)
(12)

Substituting (11) and (12) in the equations (8) &@)dwe find that f,(77) , f_l(/7), 0,(7) and g,(77) satisfy the

following equations
aling,(m-sdwm) = 4,
al=ing,(n) -S4 ]="dm).

inf,(7)-S £ (7)= Gra()+ f;(m—( w2 +§] ),

.= - _ — 1)\~
-infy,(7)-S1(7) = Gramn)+ 1§ (/7)-( M? +$] £(7),
where prime denotes differentiation with respectjto

The corresponding boundary conditions fg(7) , f_l(/7), 0,(n7) and g,(7) are
- 1 . _ 1
fl(O) = fl(O) ==, 0 (O) =0, (O) ===,
2 2
f1—>0,f_1—>0andgl—> 0,gl—> 0a.37—>00

The solution of the equations (13) to (16) subjed¢he boundary conditions (17) are

1 @t B — 1 (g i By
0N ="r——<e Y, )=z et ",
b 2(a1+|181) 4 z(al_llgl)

f,(7) = % g 27 +G_2r (A- iB)[ gzt B _ slap m] |

Foon_ L _ay-ipy  Gr . ~(ay-i Bn _ lariByn
fl(ﬂ)—ze +7(A+|B)[e e ]

where

A=ai-pi-so WD) =2 P

A _ __A __5
Az_alpl :3181' Bz_alBl+ﬁ1A1’ A_A22+BZZ’ B_A§+E§'
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(13)
(14)

(15)

(16)

(17

(18)

(19)

(20)

(21)
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On the use of (18)-(20), equations (12) and (1&/dyi

-a;n

001.7) =——3la costr = By y+ B, sinte - By ) (22)
W(7.7) = €[ cof I~ By7) + G Acos@ -5y ¥ Bsif m-p71)]]
-Gr[Acos(r - B )- Bsin(r - By ] €’ (23)

The solutions (22) and (23) are valid for both Eucaand blowing at the plate. Equations (14) arlg) ¢f Rani and
Murty [22] are incorrect as they are independertiroé t. This is due to the error in the boundary conditié) of
Rani and Murty [22]. The correct boundary conditismgiven by equation (3) and hence the equati22s gnd (23)
are not identical with the equations (14) and @3Rani and Murty [22] in the absence of suctidiaibng (S = 0),

frequency of oscillationsr(= 0) and porosity of the mediunDa - ).

RESULTSAND DISCUSSION

The equation (22) shows that there exists a tiémtal boundary layer of thickness of the ordﬂral‘l) near the

plate (7 =0) where a, is given by (21). The thickness of this thermalibaary layer decreases with an increase in
either suction paramete® or frequency parameten or Prandtl numberPr . It is seen from (23) that there exists
two-deck boundary layer near the plafg =0) having the thicknesses of the ord@(al‘l) and O(az‘l)

respectively wherea, and a, are given by (21). The first one is the modifiedkes’ boundary layer and the second
boundary layer is due to convection of the floweThickness of the modified Stokes’ boundary laeareases with
an increase in either magnetic parameléf or suction paramete8 or frequency parameten while it increases
with an increase in Darcy numbéda , becausea, increases with an increase in eithér® or S or n while it
decreases with an increase iba .

We have presented the non-dimensional velogjtyand temperatureéd for several values of magnetic parameter

M2, radiation parameteR , Prandtl numberPr , Grashof numbelGr , suction paramete, frequency parameter
n and phase angler in Figs.2-14. Fig.2 shows that the fluid velocitly decreases for; <1.75 and it increases

for n>1.75 with an increase in magnetic parametdr’. The presence of a magnetic field in an electsical

conducting fluid introduces a force called Lorefuce which acts against the flow if the magneigtdfis applied in
the normal direction as considered in the presestilem. This type of resistive force tends to skbown the flow
field. Since the magnetic field has a stabilizimjuence, the maximum velocity overshoot is obsérf@r the
conducting air while minimum overshoot takes plémethe water. It is observed from Fig.3 that tledoeity u,
decreases forp <2.5 and it increases foyy > 2.5 with an increase in radiation parametBr. The radiation
parameter arises only in the energy equation irthbemal diffusion term and via coupling of the frature field
with the buoyancy terms in the momentum equatios velocity is indirectly influenced by thermal iatibn effects.
An increase inR clearly reduces substantially the velocity in treundary layer i.e. decelerates the flow. Fig.4
shows that the velocity, decreases near the plate and it increases awaytfre plate with an increase in Prandtl
number Pr . Prandtl numberPr encapsulates the ratio of momentum diffusivityhermal diffusivity for a given
fluid. It is also the product of dynamic viscosayd specific heat capacity divided by thermal catigity. Higher Pr
fluids will therefore posses higher viscositiesddower thermal conductivities) implying that sufthids will flow
slower than lower Pr fluids. It is seen from Figiat the velocityu, increases fom <1.75 and it decreases for
n>1.75 with an increase in Grashof numb@&r . An increase in Grashof number leads to an inergaselocity,
this is because, increase in Grashof number mears Imeating and less density. Fig.6 displays tiafltid velocity

u, increases forp <1.45 and it decreases fap > 1.45 with an increase in suction parametgr This means that

the suction at the plate have a retarding influearcéhe flow field. It is seen from Figs.7 and &ttthe velocityu,

decreases near the plate and it increases awaytfremplate with an increase in either frequencyapeatern or
phase anglenr . This means that the frequency parameter or thseohngle have a retarding influence on the flow
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field near the plate. Fig.9 illustrated that thédlvelocity u, increases near the plate and it decreases awaytffi®

plate with an increase in Darcy numbBra . It is observed from Fig.10 that the temperatéredecreases near the
plate and it increases away from the plate witinarease in radiation paramet& . Increasing radiation parameter
clearly depressed the fluid temperature in presehcenducting air(Pr = 0.71) and magnetohydrodynamic flow.

Fig.11 reveals that the fluid temperatufe decreases near the plate and it increases awaytfre plate with an
increase in Prandtl numbd?r . Prandtl number controls the relative thicknesshef momentum and thermal
boundary layers. WherPr is of low value, heat diffusion exceeds momentuffusion. For Pr <1, the thickness
of the thermal boundary layer therefore exceedsttic&ness of the velocity boundary layer thateéspperatures will
be greater. In Fig.11, temperatures are seen teawse considerably with an increase in the valué¢’ofas we
progress into the boundary layer regime; profileso alecay much more sharply for high&r values since
momentum diffusion exceeds energy diffusion for>1. It is found from Fig.12 that the fluid temperauf
decreases forp <1.75 and it increases fonp >1.75 with an increase in suction paramet®r It is found from
Fig.13 that the fluid temperatur@ decreases near the plate and it increases awatifi® plate with an increase in

frequency parameten. Fig.14 shows that the fluid temperatufeincreases near the plate and it decreases away
from the plate with an increase in phase angte

/mfss‘mns‘zn -
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Fig.4: Velocity profilesfor Pr when M2=5, S=0.5, R=4, Gr=5, n=2, r=0.5,Da=0.1 and nTZIZT.

$=-10,-05,0.0,05,1.0

Fig.6: Velocity profilesfor S when M2 =5, Gr=5.R=4, Pr=0.71, n=2, r=0.5.Da= 0.1 and nr:’ZT.
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Fig.7: Velocity profilesfor thevariationof N when M2=5,S=0.5, Gr=5,R=4, Pr=0.71, r=0.5,Da=0.1 and

Vi
nr=-—.
4

Da=0.1

0T T T —

02 Da=005,0.1,05,1.0,10 -

Fig.9: Velocity profilesfor Da when M?=5,5S=0.5, Gr=5,R=4, Pr=0.71, =05, nr :]7: and n=2.
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Vs
Fig.10: Temperatureprofilesfor R when Pr=0.71, S=0.5, n=2 and nr :Z

Pr=071

T
Fig.12: Temperatureprofilesfor S when Pr=0.71, R=4, n=2 and Nnr :Z
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T
Fig.13: Temperatureprofilesfor n when Pr=0.71, R=4, S=0.5 and nr = Z

= 6, 4, 3, w2

Fig.14: Temperatureprofilesfor nT when R=4, Pr=0.71, S=0.5and n=2

The non-dimensional shear stress at the p(ate 0) is given by

T, :[Z—L:;l:o =-R, cos(r + @), (24)
where
R, = |{a.+ Gr{ Ala,~a.)+ BB, B)}} +{B.+ o Ap.~5)- Ha ~a )} | (25)

ﬂz + Gr{ A(ﬂz - /81)
a, +Gr{A(a'2 -a,)+B(B,-B)

|
X
B

|
R

tang=

% ) (26)

wherea, B, a,, B, A and B are given by (21).

The variations of amplitude of shear streRs and the tangent of the phase angle of shear steegs respectively

drawn againstM? for different values ofR, Pr, S and n with nr:g and are shown in Figs.15-21. It is

observed from Figs.15 and 16 that the amplitiRle increases with an increase in either radiatiomamater R or
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Prandtl numberPr Fig. 17 shows that the amplitud®, decreases due to the increase of suction parangeter
Fig.18 shows thatR, increases with an increase in frequency parametdt is observed from Figs.19 and 20 that
the tangent of the phase angleng decreases with an increase in either radiatioarpater R or Prandtl number
Pr . Fig. 21 shows that the tangent of the phase at@ie increases with an increase in suction paramé&ter

Fig.15: Amplitude R, for R when S=0.5, Pr=0.71, S=0.5 and n=2.

M

Fig.16: Amplitude R, for Pr when R=4, S=0.5 and n=2
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5=04,06,08,10

M2

Fig.17: Amplitude R, for S when R=4, Pr=0.71and n=2

46 T T T

Fig.19: Tangent of thephase tang for R when S=0.5, Pr=0.71and n=2
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Fig.20: Tangent of thephase tang for Pr when R=4, S=0.5and n=2

$=04,06,08 10 —

Fig.21: Tangent of thephase tang for S when R=4, Pr=0.71and n=2

The variations of the plate temperatu#0,7) are presented in Tablel. It is observed from Tablleat the plate
temperatured(0,r) decreases with an increase in either radiatioarpater R or Prandtl numberPr . Further, it is
seen that the plate temperatu#€0,7) increases with an increase in suction param&ter

- m
Table 1. Variation of plate temperature 8(0,7) when nT:Z

S Pr

Y
)

0.0

0.5

1.0

15

0.25

0.50

0.71

0.80

oo AN

1.17371
0.93897
0.86072
0.82160

1.27749
1.02199
0.93682
0.92633

1.38177
1.10541
1.01329
0.96724

1.48782
1.19026
1.09107
2.53964

3.62806
2.90245
2.66058
1.26982

1.81403
1.45123
1.33029
1.04147

1.27749
1.02199
0.93682
0.89424

1.13377
0.90702
0.83143
0.79364

CONCLUSION

The radiation effects on MHD free convection flofvaoviscous incompressible electrically conducfilugd past an
oscillating vertical porous plate embedded in apemedium in the presence of a unform transveegmetic field.

It is found that the fluid velocity influences inet presence of magnetic field. An increase in tadfigparameter leads
to reduce the fluid velocity fory < 2.5 and accelerate it forp > 2.5. The fluid velocity increases near the plate @and i
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decreases away from the plate with an increasedtion parameter. The fluid velocity increases rikarplate and it

decreases away from the plate with an increasamybhumber. The fluid temperature decreases heagilate and it

increases away from the plate with an increaséhieeradiation parameter or Prandtl number orisngharameter or

frequency parameter. Further, it is seen that theglitude of the shear strass and the tangent gftthee angle at the
plate decreases with an increase in either radig@wameter or Prandtl number or suction parameter.
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