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ABSTRACT

The effects of radiation on oscillatory MHD freengective flow of a viscous incompressible eleclifjozonducting
fluid confined between vertical walls in a rotatisgstem have been studied. The flow is due to @hedically
oscillating motion of one of the walls. The exadtisons of the governing equations have been abthby using the
Laplace transform technique. The variations of e#jo fluid temperature and shear stress at the ingpwall are
presented graphically. The velocity componentsease with an increase in magnetic parameter. Thimay
velocity decreases whereas the secondary velauitgases with an increase in radiation parametdrerg is an
enhancement in fluid temperature as time progreSdes absolute value of the shear stress at thengavall due to
the primary flow increases whereas the absolutaeraf the shear stress at the moving wall duedsétondary flow
decreases with an increase in either rotation pagtan or radiation parameter. The rate of heat trmsat the
moving wall increases with an increase in radiatparameter.

Keywords: MHD free convection, radiation, rotation, Pranatimber, Grashof number.

INTRODUCTION

Radiative convective flows are encountered in desstindustrial and environment processes e.gingeand cooling
chambers, fossil fuel combustion energy processeaporation from large open water reservoirs, splaver
technology and space vehicle re-entry. Radiatiad transfer plays an important role in manufacwindustries for
the design of reliable equipment. Nuclear powentslagas turbines and various propulsion devicesii@raft,
missiles, satellites and space vehicles are examgflesuch engineering applications. If the tempeeabf the
surrounding fluid is rather high, radiation effeg&gy an important role and this situation doessteki space
technology. In such cases, one has to take intmuatthe effect of thermal radiation. The hydrodyi@rotating flow
of an electrically conducting viscous incompressiilids has gained considerable attention becaili$® numerous
applications in physics and engineering. The fimgvective flow in channels formed by vertical ptateas received
attention among the researchers in last few dechdeto it's widespread importance in engineerpylieations like
cooling of electronic equipments, design of passivar systems for energy conversion, design of éeshangers,
human comfort in buildings, thermal regulation eses and many more. Many researchers have warkiaid field
such as Singh [1], Singh et. al. [2], Jha et.g], J®shi [4], Miyatake et. al. [5], Tanaka et. @]. Bestman and
Adjepong [7] have studied the unsteady hydromagtfiete- convection flow with radiative heat trandfea rotating
fluid. The transient free convection flow betweeso tvertical parallel plates has been investigate8ibgh et al. [8].
Jha [9] has studied the natural Convection in @asteMHD Couette flow. Narahari et.al.[10] have dissed the
transient free convection flow between long veftparallel plates with constant heat flux at oneitary. The
radiation effects on MHD Couette flow with heatnséer between two parallel plates has been exantipédebine
[11]. Jha and Ajibade [12] have studied the unstdezb convective Couette flow of heat generatingdabing fluid.
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The effects of thermal radiation and free convectarrents on the unsteady Couette flow betweenwertical
parallel plates with constant heat flux at one ltaug have been studied by Narahari [13]. Kumar \dadna [14]
have investigated the radiation effects on MHD flpast an impulsively started exponentially acceéstavertical
plate with variable temperature in the presendeat generation. Rajput and Pradeep [15] haveestule effect of a
uniform transverse magnetic field on the unsteadpsient free convection flow of an incompressibigcous
electrically conducting fluid between two infinitertical parallel plates with constant temperaamd Variable mass
diffusion. Rajput and Kumar [16] have discusseddivabined effects of rotation and radiation on Mfitv past an
impulsively started vertical plate with variablemigerature. Reddy et al. [17] have presented th@atrad and
chemical reaction effects on free convection MH®Mlthrough a porous medium bounded by verticalaserf The
unsteady MHD heat and mass transfer free convetitenof polar fluids past a vertical moving poroplkate in a
porous medium with heat generation and thermalsidin  has been studied by Saxena and DubeyTh8mass
transfer effects on MHD mixed convective flow fravertical surface with Ohmic heating and viscoissigation
have been investigated by Babu and Reddy [19]. eisaand Dubey [20] have analyzed the effects of Mi¢e
convection heat and mass transfer flow of viscat@dluid embedded in a porous medium of varigldemeability
with radiation effect and heat source in slip floegime. Devi and Gururaj [21] have studied the @ffef variable
viscosity and nonlinear radiation on MHD flow whileat transfer over a surface stretching with a pdawe velocity.
The radiation effect on the unsteady MHD convectfiow through a non uniform horizontal channel bagn studied
by Reddy et al. [22]. Das et. al. [23] have invgstied the radiation effects on free convection ME@uette flow
started exponentially with variable wall temperatir presence of heat generation. The effect dgdtiad on transient
natural convection flow between two vertical wdilss been discussed by Mandal et al.[24]. Das ef2%3] have
studied radiation effects on free convection MHDu€lte flow of a viscous incompressible heat geiregatuid
confined between vertical plates. Recently, Saekaal. [26] have investigated the effects of ridimon MHD free
convective couette flow in a rotating system.

In the present paper, our aim is to study the &ffed radiation on MHD free convective flow of aseous
incompressible electrically conducting fluid betwesvo infinitely long vertical walls in a rotatingystem in the
presence of an applied transverse magnetic field.dbserved that both the primary velocity and the secondary
velocity v, increase with an increase in magnetic paramatér. The primary velocityu, decreases whereas the
secondary velocityv, increases with an increase in radiation parame&tefThe fluid temperature decreases with an
increase in either radiation paramet®r or Prandtl numberPr whereas it increases with an increase in time
The absolute value of the shear stre%s at the wall (7 =0) due to the primary flow increases and the absolute

value of the shear stres§O at the wall (7 =0) due to the secondary flow decreases with an iser@a either

radiation parameteR or rotation parameteK?. Further, the rate of heat transfe (0) at the wall (7 = 0)

increases whereas the rate of heat trans#i(1) at the wall (7 =1) decreases with an increase in radiation
parameterR .

FORMULATION OF THE PROBLEM AND ITSSOLUTIONS

Consider the unsteady MHD free convective flow eistous incompressible electrically conductingdlbetween
two infinite vertical parallel walls separated bgtiatance h . Choose a cartesian co-ordinates system withxthaxis
along one of the walls in the vertically upwardediion and thez - axis normal to the walls and thg -axis is
perpendicular toxz-plane [See Fig.1]. The channel and the fluid etatunison with a uniform angular veloci
about z axis. Initially (t<0), both the walls and the fluid are assumed to bthatsame temperaturg and
stationary. At timet > 0, the wall at(z=0) suddenly to start move in its own plane with aailizory velocity

u,coswt, U, being the mean velocity and’ being the frequency of the oscillations and ihéated with the

temperatureT, +('I'O —'I;)tl, T, being the temperature of the wall & =0) and t, being constant whereas the
0

wall at (z=h) is stationary and maintained at a constant teriyperd,, . A uniform magnetic field of strengti,

is imposed perpendicular to the walls. It is alssuaned that the radiative heat flux in tlRedirection is negligible as
compared to that in the - direction. As the walls are infinitely long, thelocity and temperature fields are functions
of z andt only.
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Fig.1: Geometry of the problem

Under the usual Boussinesq's approximation, thé flaw is governed by the following system of etjoas
au 0°u oB;

—-2Qv= v—+ T-T)- 1

m P 98°( ) u 1)
2

@+2QU vazl i Ov, (2)
ot 0z Yol

oT 9°T aq
C — =k—sp——2 3
P 5t oy’ 0z 3

where u is the velocity in thex -direction, Vv is the velocity in they -direction, g the acceleration due to gravity,
T the fluid temperature 8" the coefficient of thermal expansion, the kinematic coefficient of viscosityp the
fluid density, o the electric conductivityk the thermal conductivityc, the specific heat at constant pressure and
g, the radiative heat flux.

The initial and the boundary conditions for velgand temperature distribution are
u=0=v, T=T for 0< z< hand & 0

u=u,cosw't,v= 0,T='lj+('[;—'[)tl at =z 0 for t>0 (4)

u=0=v, T=T at z= hfor t>0.

It has been shown by Cogley et al.[21] that indpgcally thin limit for a non-gray gas near egoiilum, the following
relation holds

ae :
—-4 K, dA”, S
5y = AT T, Kol 57 (5)
where K} is the absorption coefficientd” is the wave Iength;ejDp is the Plank's function and subscript

indicates that all quantities have been evaluatédeatemperaturel, which is the temperature of the plate at time

t<0. Thus, our study is limited to small differenceptdite temperature to the fluid temperature.
On the use of the equation (5), equation (3) besome
aT 0°T
SALYE T) |, 6

where

I—.[K { ]hdAD @)

Introducing non-dimensional variables

_z _vt _(uvy ,_T-T,
== ==, Nv)=-"2 g=
7 h T 2 W,v) T-

equations (1), (2) and (6) become

: 8

j_l
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2
M _oiey =9 4 Gro- My, 9)
or on
2
%+2K2ul— 1-M?y, (10)
2
Pr% :a—f—RH, (11)
or dn
212 2 2
where M? = o8N is the magnetic parametek? = Qh the rotation parameterR= alh the radiation
pV v
98’ (T, -T)

parameter,Gr =

Ve
the Grashof number anér = pk P the Prandtl number.
vu,

The corresponding initial and boundary conditioms @, and & are
u=0=v,8=0 for O<p<1landr< O
u =coswr,v,=0,=r atnp= 0 forr >C (12)
u=0=v, =0 atnp=1forr >0

2
where w=

is the frequency parameter.

Combining equations (9) and (10), we get

2
OF -9F  Gro-aF, (13)
or dn
where
F=u+iv, 22=M?+2iK? andi=+/-1 (14)

The initial and the boundary conditions fér and 8 are
F=0,=0 for Osp<landr< O
F=coswr ,@=r atn= 0 forr >0 (15)
F=0,6=0atnp=1forr >0

Taking Laplace transformation, the equations (1) @1) become
.

sE=d E+Gr§—/12ﬁ, (16)
— _d6 -

Prs@ = = -Rg, (17)
where

F(7,9=[ Fip,n)e™ & and 8 ,5)=[ 64 7)&" d (18)
The corresponding boundary conditions fér and 8 are

= 1/ 1 1 —~ 1

F(O,s)== + , 8(0,8)=—,

©.5) Z(S—ia) S+ ia)j ©.5) &
F(1,5)=0,8(1,s)=0 (19)

The solution of the equations (16) and (17) suligthe boundary conditions (19) are given by

sinh,/sPr+ R(1-
12 - ) for Pr#z1l
s’ sinhysPr+ R

6(n,s) = (20)
1 sinlW/'s+ R(1-17)
for Pr=1,
s sinh/s+R or
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1( 1,1 jsinh\/s+/12 (tn)
2\s—iw s+iw) sinh/s+ A2
. Gr sinhy/'s+A? (1-17) _sinhy/sPr+ R(1-77) for Prl
(Pr=1)s+b)$| sinhys+A2 sinh,/sPr+ R
F(n.5)= (21)
1( 1,1 jsinh\/s+/12 (En)
2is-iw stiw) sinhy/s+A?
L Gr sinhv/s+A? (1-17) _ sinh/s+ R(1-7) for Pr=1
(R-A%)|  sinhys+A? sinhy/s+ R ’
_ 32
where b = R-/ .
Pr-1

Then the inverse Laplace transforms of equatiofy 4&d (21) give the solution for the temperature the velocity
distributions as

Tsinh\/ﬁ (1—/7)+ Pr r
sinhVR 2/Rsinh™/ R

o 7
-sinh/R (1-17 )cosh/—R]+ 2 nr e2 -
Y

6(7,7) = (22)
Tsinhx/ﬁ (1-n )+ 1
sinnv/R 2\/_Psin

o 7
—sinhx/ﬁ(l—fy)cosh/—R]+ Zme—z simmy for Pr= [
L g

l[ei“” sintW A2 +iw (1 ), gior sinh/A? —iw (7 j

(1-n7)coshVR (7 )sink/R

simmm for Pr !

= \/_R[(l—n)cosh\/ﬁ (7 )sink/R

2 sinhWA? +iw sinlVA? —iw
S nre? +

nZ:; [sz -iw s +iw
F(n,r)= (23)

E[em SinA” +i@ (17, _or SINWA? =i (1 j

}sinrvvﬁ I}(/y,r,/l,Pr,\/—R) for Pr£ 1

2 sinhWA? +iw sinhVA? —iw

+inne32’[ 1 1 }sinmﬁ E@rANR)  for Pr=1,
~ S -iw s+iw

where

Gr |1 sinhA (I-7)_ sinh/R (+

Fir..A,PrR) = Pr—l{g(rb_ 1){ sinﬁm P- sinhx/(l?i ’ }

+;[(1—/7)cosh/1 (7 )sinkl - sind @7 )cost
2bAsinh*A

—m{a—n)coswﬁ (1 )sink/R- sinkR @7 )coshR

o ST s
+22n77{ © © }sinnm],

S s2(s+h $(stpP

_ Gr sinhA(1-77) sinh/R (En
F,(7.1.A4R)= R_/]z{r{ e oy } (24)
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+%(1—/7)cosh/1 (n )sinkd - sink @7, )cosh
HZ\/_R (1-n)cosh/R (+7 )sink/R- sinkl R @7 )cosﬁ_F}

smh
e e? er| .
+2) NI —5 ——5 (sinvry |,
% {Sz %} ]
(n2722+R) :_(r?77.2+/12),
Pr

A is given by (14). On separating into a real andgimary parts one can easily obtain the velocitpygonentsu,
and v, from equation (23). If the frequency parameter= 0 then the equation (23) is identical with the etprat

(23) of Sarkar et. al. [20]. This means in the abseof frequency of oscillations we can obtain flo& velocity
components when the wall g = 0) starts impulsively.

For large time7 , equations (22) and (23) become

smh\/_ R(1-7), Pr
sinhv/R 2/Rsinh z\/—RL(l n)cosh/R (7 )sink/R
—sinhvR (1—/7)cosh/T?J o Pre1
o(n,1) = o5

smh\/_ R(1-7), 1
sinhv/R 2/Rsinh 2\/—RL(1 ’7)00th/— R (n )Slnh/—R

—sinhW/R (1—/7)cosh/l_?J for Pr =1,
III.)T “/]2+Iw(1 /7) *I(UT Sln “/lz_la) (}/7
2 smh\//l2 +iw sinhVA? —iw
+F(7,7.4,PrAR) for Pr#1
F@.7)= (26)
1 gor sintWA? +iw (1= ), ior sink/ A% -iw (tn
2 sinhyA? +iw SinVA? —iw
+F,(7,7,ANR) for Pr=1,
where
1 sinhA (1= sinh/R (+
F(7,7,7,Pr J_)— {bz rb—l){ sinr(M 7). Smh\/(l_?”}
+%(1—/7)cosm (tn )sinkl = sind @7 )cosh
2bAsinh*A

R [ A cosIR (£ )SWR= SR a7 )oosff
E(.1,AR) = Gr {T{sinm (1-n)_sinh/R (tn }

R-A? sinhA sinhV/R (27)
+ﬁ(1—f7)cosm (n )sinkd - sink @, )cosh
_m{(l n)cosh/R (1 )sink/R- sink R @7 )cosﬁ_FH
and A is given by (14).
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RESULTSAND DISCUSSION

We have presented the non-dimensional velocity &meperature distributions for several values of medig
parameterM ?, rotation parametek ?, Grashof numbeiGr , radiation parameteR , Prandtl numberPr , time 7

and frequency parametep in Figs.2-11. It is seen from Fig.2 that the pniynaelocity u, and the secondary
velocity v, increase with an increase in magnetic param#tér. This indicates that the applied magnetic field is
effectively moving with the free stream. The reisigit_orenzian body force will therefore not acteadrag force as in
conventional MHD flows, but as an aiding body forgais will serve to accelerate the fluid velocitymponents.
Fig.3 reveals that the primary velocity decreases in the regiobi< s < 0.46 and it vanishes at a critical distance
from the wall which is approximately af7 =0.46) and then it increases whereas the secondary telogi
increases in the regiof <7 <0.14 and it vanishes at a critical distance from thdl waich is approximately at

(7 =0.14) and then it decreases with an increase in rot@@wameterK >. The rotation parameteK® defines the
relative magnitude of the Coriolis force and th&ceius force in the regime, therefore it is cleat the high magnitude
Coriolis forces are counter-productive for the @ignvelocity. It is observed from Fig.4 that thénpary velocity u,
increases whereas the secondary velogjtydecreases with an increase in Grashof nuner It means that the
buoyancy force has an accelerating influence omamy velocity while it has a retarding influence secondary
velocity. Back flow arises in the second half oé tbhannel as buoyancy force increases. Rerl, thermal
conduction exceeds thermal radiation and R» 1 this situation is reversed. FdR=1, the contribution from both
modes is equal. It is seen from Fig.5 that an emeen radiation parametd® leads to a decrease in the primary
velocity u, and increase in secondary velocity. Back flow arises in the second half of the chamii an increase
in radiation parameter. Fig.6 shows that the thegmy velocity u, decreases whereas the secondary velogity
increases near the wafly = 0) and it decreases away from the wéji = 0) with an increase in Prandtl numbé&r

. Physically, this is true because the increasedrPrandtl number is due to increase in the vigcosthe fluid which
makes the fluid thick and hence causes a decredise primary velocity of the fluid. It is reveal&dm Fig.7 that the
primary velocity u, decreases in the regio@<sn <0.32 and then increases whereas secondary velogity

decreases with an increase in time It is seen from Fig.8 that both the primary vélpcu, and the secondary
velocity v, decrease near the waly =0) and increase away from the wely = 0) with an increase in frequency
parameter w . The critical distances from the wally =0) of the primary and the secondary velocity are
approximately at(7 = 0.34) and (17 =0.52) respectively. Further, it is seen from Figs.3-& tie value of the fluid

velocity components become negative at some reggdween two walls which indicates that there oceursverse
flow at that region. Physically this is possiblethe motion of the fluid is due to the wall motionthe upward
direction against the gravitational field.
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Fig.2: Velocity componentsfor M ? when R=1, K*=5, Pr=0.03, Gr=5, w=4 and 7=0.2
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Fig.4: Velocity componentsfor Gr when R=1, M? =15, Pr=0.03, K*=5, w=4 and 7=0.2

Fig.5: Velocity componentsfor R when Gr =15, M2 =2, Pr=0.03, K*=5, w=4 and 71 =0.2
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Fig.6: Velocity componentsfor Pr when R=5, M? =15, Gr=5, K?*=5, w=4 and 7=0.2
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Fig.8: Velocity componentsfor @ when M2 =15, R=1, K? =5, Pr=0.03, Gr =5 and 7=0.2

The effects of radiation paramet&, Prandtl numberPr and time 7 on the temperature distribution have been
shown in Figs.9-11. It is observed from Fig.9 tthet fluid temperatured decreases with an increase in radiation
parameterR . This result qualitatively agrees with expectasiosince the effect of radiation decrease the ahte
energy transport to the fluid, thereby decreadgtémperature of the fluid. Fig.10 shows thatflhiel temperature

@ decreases with an increase in Prandtl numBer Prandtl numberPr is the ratio of viscosity to thermal
diffusivity. An increase in thermal diffusivity lela to a decrease in Prandtl number. Thereforentlatiffusion has
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tendency to reduce the fluid temperature. It i®aded from Fig.11 that an increase in timeleads to rise in the fluid
temperature distributior®@. It indicates that there is an enhancement il flemperature as time progresses.

0.2

018 B

016 B
014 R=05,1,23 |

012} B
=
= 01F B

@
0.08 B

0.06 B

0.04 B

0.021 B

0 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 05 06 07 0.8 0.9 1

n
Fig.9: Temperatureprofilesfor R when 7=0.2 and Pr=0.03
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Fig.10: Temperatureprofilesfor Pr when 1 =0.2 and R=1
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Fig.11: Temperature profilesfor T when R=1 and Pr =0.03

The non-dimensional shear stress at the @l 0) and at the wall(7 =1) are respectively obtained as follows:
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I, +ir, = 9F
X0 Yo 0/7 =0

—%[\//]2 +iwe'™ cothvy A2 +iw+J A2 —iwe ™ cot /lz—ia)}

= 2 ST 1
+Zn e LZ |a)+%+|a)}+ G(,7,4, Pra/R) for Pr£ 1
= (28)
—%[x//lz+iwe“‘”coth\/A2+iw+\/A2—ia)e’i“” cot /lz—ia)}
< 2 ST 1 _
+2nZ:;n e LZ Iw+sz+w}+Q(OrAx/—R) for Pr=1,
T, +ir, = oF
X 6/7 -
—%[\Mzﬂwei” cosech/A2 +iw+~/ A2 —iwe ™ cosech—iw}
or| 1
+Zn A (-1)"¢e {% |w+sz+|w}+ G(@1,7.4,Pra/R) for Prz 1
= (29)
—%[\Mzﬂwei” cosech/A2 +iw++/ A2 —iwe ™ cosech—iw}
or| 1 =
+Zn 2 (-1)"¢ {% Iw+sz+lw}+g(1r/1\/_) for Pr=1,
where
G,(0,7,4 Prﬁ):i[i(rb— 1)(J—Fecoth/—R—A coth1)+;(/l— cosh  sinh)
A Pr-1| b 2bA sintt A
o 4 o
R R+ > Anrl S - ©
2b\/ﬁsmh2\/—R(\/— cosh/R sinh/ 7} + Z {Sf(%ﬂi (st b PH
G,(1,7,4,Pra/R)= Pri [—Z(Tb—l)(x/_Rcosech/_R—/l coseo}h)+m(/l codh  sihh
m(\/—cosh\/ﬁ smh/—R)
SZT S.LT
+2Zn 72 (1) { © } (30)
(s+h F(s+pP
G,(0,7,4 ,\/_R): [ (\/T?coth\/_R—/i cotm) m(/]— cosh sinh)
© S,7 s7
2\/—smhzx/ﬁ(\/— cosh\/ﬁsmh/—R) Z ﬁnz{esz—z—%H
G,(1,7,4 \/_R)——|: (x/T?cosech/_R—/i coseoh) _—2(/1 cod8h sty
2AsinhA

'

(x/—cosh\/ﬁ smh/—R) 2 A £ 1’){2? - T‘:Z H

2\/—Sln|’12\/—R
A is given by (14),s and s, are given by (24).

Numerical results of the non-dimensional shearsseg at the wall7 = 0) are presented in Figs.12-15 against
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magnetic parameteM ? for several values of rotation parametér , radiation parameteR , Grashof numbeiGr

and time 7 when Pr =0.03. Figs.12 and 13 show that the absolute valueeo§hear stres‘z:XO due to the primary

flow at the wall (7 = 0) increases whereas the absolute value of the streas 7y, due to the secondary flow at the

wall (7=0) decreases with an increase in either rotationmpeier K> or radiation parameteR . It is observed
from Fig.14 that the absolute value of the shemsstrXO at the wall (7 =0) as well as the absolute value of the
shear stressyO at the wall (7 = 0) increase with an increase in Grashof numizer. It is revealed from Fig.15 that
the absolute value of the shear stre%s at the wall (7 =0) decreases whereas the absolute value of the sthess
7, at the wall (7 =0) increases with an increase in frequency parameteFurther, it seen from Figs.12-15 that

the absolute value of the shear stre%s due to the primary flow at the wall7 =0) increases with an increase in

magnetic parameteM ?. Since the applied magnetic field is translatinghwthe free stream, it induces an
acceleration effect in the velocity. Velocities arereased and the shear stress at the wall witefore be enhanced

with an increase inM 2.

KE=10,11,12,13 —_— %

KE=10,11,12,13

MEffFf:ffffffff:::fffg

Fig.12: Shear stresses 7, and 7y, for K2 when 7=0.2, R=1, Gr=5 and w=4

25 T T T T T T T T

16- R=051,23 -

R=05,1,213

05 1

Fig.13: Shear stresses 7, and 7y, for R when 7=0.2, K2 =5, Gr=5 and w=4
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Gr=3,6,9,12

Fig.14: Shear stresses Ty and 7y, for Gr when 7=0.2, R=1, K?=5 and w=4
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Fig.15: Shear stresses Ty and 7y, for @ when 7=0.2, R=1, Gr=5 and K*=5

The rate of heat transfer at the wa(lg =0) and (/7 =1) are obtained as

-r/RcothV R+ J R- cosh/ Rsink/ |
«/_smhzx/ﬁ[ @
o0 ST
+2) 0’ G; for Pr#1
20 S
9'(0)—6— = (31)
My=o
-r/RcothV R+ J R- cosh/ Rsink/ |
2x/_smhzx/§[ @
o0 ) eS_|_T
+2) = for Pr=1,
n=1
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-rJ/Rcosech/R+ 2\/_Sln|’]2\/_|:\/_R cosk R- smlif_lﬁ
+2ni:;n2772(—1)n ;; 5 for Prz1
9(1)_2—,6; = (32)
~ -rJ/Rcosech/R+ 2\/_S|n|’]2\/_R|:\/_R cosk R- smlif_lﬁ
S_LT
+22n (1) e_ for Pr=1,

where s is given by (24).

Numerical results of the rate of heat transfe?'(0) at the wall (7 =0) and the rate of heat transfe®'(1) at the
wall (7=1) against the radiation paramet® are presented in the Table 1 and 2 for severaiegabf Prandtl
number Pr and time 7. Table 1 shows that the rate of heat transfét(0) increases whereasg'(1) decreases
with an increase in Prandtl numbér . It is observed from Table 2 that the rate of hemtsfer -6 (0) as well as
-6'(1) increase with an increase in tinte. Further, it is seen from Table 1 and 2 that #te of heat transfer8'(0)
increases whereasg'(1) decreases with an increase in radiation param@ter

Table 1. Rate of heat transfer at theplate (/7 =0) and at theplate (/7 =1)

-6'(0) -6'(1)

R\Pr | 0.01 0.71 1 2 0.01 0.71 1 2
05 | 0.23540 0.44719] 0.52178] 0.72549| 0.18277| 0.08573| 0.05865| 0.01529
10 | 0.26555| 0.46614 | 0.53808| 0.73721| 0.16885| 0.08117| 0.05599| 0.01483

15 0.29403| 0.48461| 0.55407| 0.74881| 0.15635| 0.07690| 0.05346| 0.01438
2.0 0.32102| 0.50262| 0.56976| 0.76030| 0.14509| 0.07290| 0.05106| 0.01394

Table 2. Rate of heat transfer at theplate (/7 =0) and at theplate (/7 =1)

-6'(0) -6'(1)

R\7 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4

05 | 0.12551| 0.24165| 0.35779| 0.47392| 0.08767| 0.17980| 0.27193| 0.36405
1.0 | 0.14014| 0.27144| 0.40275| 0.53405| 0.08110| 0.16619| 0.25128 | 0.33637

15 0.15398| 0.29960| 0.44522| 0.59084| 0.07518| 0.15396| 0.23273| 0.31151
2.0 0.16712| 0.32631| 0.48550| 0.64469| 0.06984| 0.14292| 0.21601| 0.28909

CONCLUSION

The radiation effects on MHD free convective flawai rotating system confined between two infinilelyg vertical
walls with variable temperature have been studigte magnetic field has an accelerating influenceboth the
primary and the secondary velocity. The effecthef totation is very important in the velocity field the prence of
radiation the primary velocity reduces whereasdbeondary velocity accelerates. An increase ireeitadiation
parameterR or Prandtl numberPr leads to fall in the fluid temperatufe There is an enhancement in fluid

temperature as time progresses. Both the rotatidmadiation enhance the absolute value of ther Stiezss [ at

the wall (7 =0) and reduce the absolute value of the shear strgssat the wall (7 = 0) . Further, the rate of heat
transfer —6'(0) at the wall (7 =0) increases whereas the rate of heat trans#i(1) at the wall (7 =1)
decreases with an increase in radiation pararfeter
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