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ABSTRACT

The effects of radiation on MHD free convectiom@iscous incompressible fluid confined betweenvertical walls in
a rotating system have been studied. We have eesidhe flow due to the impulsive motion of onéhefwalls and the
flow due to accelerated motion of one of the wdllse governing equations are solved analyticallipngigthe Laplace
transform technique. The variations of fluid vetpa@omponents, fluid temperature and shear strésbeamoving wall
are presented graphically. It is found that theoeily components decrease for both the impulsivevels as the
accelerated motion of one of the walls with an @éase in radiation parameter. There is an enhancénrerluid

temperature as time progresses. An increase irrdt@&tion parameter leads to decrease the tempeeatd the flow
field. The absolute value of the shear stresséiseamoving wall due to the primary and the secondiaws for both the
impulsive and the accelerated motion of one ofvtlafls increases with an increase in either rotatiparameter or
radiation parameter. The rate of heat transferta thoving wall increases with an increase in radmaparameter.

Keywords: MHD Couette flow, free convection, fluid pressuradiation, rotation, Prandtl number, Grashof namb
impulsive motion and accelerated motion.

INTRODUCTION

Couette flow is one of the basic flow in fluid dynas that refers to the laminar flow of a viscolsd in the space
between two parallel walls, one of which is moviedative to the other. The flow is driven by virtoé viscous drag
force acting on the fluid. In space technology agpions and at higher operating temperaturesatadi effects can be
quite significant. Since radiation is quite comptied, many aspects of its effect on free convectiorcombined
convection have not been studied in recent yeassliagive convective flows are frequently encourdeire many
scientific and environmental processes, such aspstsical flows, water evaporation from open reses, heating and
cooling of chambers and solar power technology. Aiydrodynamic rotating flow of an electrically camiing viscous
incompressible fluid has gained considerable atrriiecause of its numerous applications in physits engineering.
The free convection in channels formed by vertiglaltes has received attention among the researohdest few
decades due to it's widespread importance in eedirge applications like cooling of electronic equignts, design of
passive solar systems for energy conversion, dedigneat exchangers, human comfort in buildingsrrttal regulation
processes and many more. Many researchers havedvorkhis field such as Singh [1], Singh et. 28], Pha et.al. [3],
Joshi [4], Miyatake et. al. [5], Tanaka et. al..[Bhe transient free convection flow between twdiwal parallel plates
has been investigated by Singh et al. [7]. Jhahf] studied the natural Convection in unsteady MEtibette flow.
Thermal radiation effect on fully develop mixed wention flow in a vertical channel has been studigdGrosan and
Pop [9]. Jha and Ajibade [10] have studied theeadyy free convective Couette flow of heat genegédimsorbing fluid.
Al-Amri et al. [11] have discussed the combined:émt convection and surface radiation between twallphplates. The
effects of thermal radiation and free convectiontlua unsteady Couette flow between two verticahiparplates with
constant heat flux at one boundary have been stumieNarahari [12]. Rajput and Pradeep [13] haws@nted the effect
of a uniform transverse magnetic field on the wdyetransient free convection flow of a viscousompressible
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electrically conducting fluid between two infinitertical parallel plates with constant temperatane Variable mass
diffusion. Rajput and Kumar [14] have discussed loimed effects of rotation and radiation on MHD flgpast an

impulsively started vertical plate with variablerigerature. Reddy et al. [15] have presented thiatiad and chemical
reaction effects on free convection MHD flow thrbug porous medium bounded by vertical surface. dieady
MHD heat and mass transfer free convection flowalér fluids past a vertical moving porous plat@iporous medium
with heat generation and thermal diffusion has b&tedied by Saxena and Dubey [16]. The mass traeéfects on

MHD mixed convective flow from a vertical surfacéthivOhmic heating and viscous dissipation have heeestigated

by Babu and Reddy [17]. Saxena and Dubey [18] temadyzed the effects of MHD free convection head arass

transfer flow of visco-elastic fluid embedded ip@ous medium of variable permeability with radiatieffect and heat
source in slip flow regime. Devi and Gururaj [12Me studied the effects of variable viscosity aadlinear radiation on
MHD flow with heat transfer over a surface stremchivith a power-law velocity. The radiation effext the unsteady
MHD convection flow through a non uniform horizontdannel has been studied by Reddy et al. [20$ &aal. [21]

have investigated the radiation effects on freeveotion MHD Couette flow started exponentially withriable wall

temperature in presence of heat generation. Theetedff radiation on transient natural convectiawflbetween two
vertical walls has been discussed by Mandal e22l.[Recently, Sarkar et. al. [23] have studieddffects of radiation
on MHD free convective couette flow in a rotatingtem.

The object of the present investigation is to sttitly effects of radiation on free convective MHDuétie flow of a
viscous incompressible electrically conducting dlun a rotating system in the presence of an appliansverse
magnetic field. It is observed that both the priynaglocity u, and the secondary velocity increase with an increase in
magnetic paramete > while the velocity components decrease with aneiase in radiation paramet& for both the
impulsive as well as the accelerated motion ofafrtbe walls. The fluid temperature decreases atfitlincrease in either
radiation parameteR or Prandtl numbePr whereas it increases with an increase in timeThe absolute value of the

shear stressXO at the wall (7 =0) due to the primary flow and the shear stre%s at the wall (7 =0) due to the

secondary flow for both the impulsive and the am@gkd motion of one of the walls increase withiremease in either
radiation parameteR or rotation parameteK *. Further, the rate of heat transfe@ (0) at the wall(;7 =0) increases
whereas the rate of heat transfe# (1) at the wall(7 =1) decreases with an increase in either radiatioapater R
or Prandtl numbepPr .

FORMULATION OF THE PROBLEM AND ITSSOLUTIONS
Consider the unsteady free convection MHD Coudtw fof a viscous incompressible electrically conthg fluid

between two infinite vertical parallel walls segadhby a distancén. Choose a cartesian co-ordinates system with the
X - axis along one of the walls in the vertically wgrel direction and thez - axis normal to the walls and thg-axis is
perpendicular toxz-plane [See Fig.1]. The walls and the fluid roti@mteinison with uniform angular velocit® about

Z axis. Initially, at timet < 0, both the walls and the fluid are assumed to liheasame temperatuig and stationary.

At time t > 0, the wall at(z=0) starts to move in its own plane with a velodity(t) , and is heated with temperature

T, +('I'0 - 'I'h)ti , T, being the temperature of the wall@=0) andt, being constant. The wall gz = h) is stationary
0

and maintained at a constant temperatfreA uniform magnetic field of strengtB, is imposed perpendicular to the

walls. It is also assumed that the radiative haat in the X -direction is negligible as compared to that in the
direction. Since the walls are infinitely long adpix and y -directions, all physical quantities will be furani of z and

t only but the pressure is independentzof

Under the usual Boussinesq's approximation, thd flaw be governed by the following system of etjpias

ou 10p, d°u . oB
A o20v=-=P1p 24 gp7(T-T)- 1
P v 5 Ox V37 96 (T-T) U (1)
2 2
@+2§2u:ua—;/—080 )
ot 0z P
2
aT—ka_T_ai 3)

oo =7 oz
where u is the velocity in thex -direction, v is the velocity in they -direction, p the modified fluid pressure including

centrifugal force,g the acceleration due to gravity, the fluid temperatureT, the initial fluid temperature” the
coefficient of thermal expansiony the kinematic coefficient of viscosityp the fluid density, o the electric
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conductivity, k the thermal conductivitye, the specific heat at constant pressure gnthe radiative heat flux.

X
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g

Fig.1: Geometry of the problem

The initial and the boundary conditions for velg@nd temperature distributions are as follows
u=0=v, T=T for 0< z< hand & 0

u=U(t), v=0, T=Th+(];—'ﬁ)ti at =0 for t>0 4)

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

It has been shown by Cogley et al.[18] that indpé&cally thin limit for a non-gray gas near edoiilum, the following
relation holds

6 ae/l
=4(T - h)JK an 1", (5)

where K} is the absorption coefficientrlD is the wave Iength(eﬂD is the Plank's function and subscrigt indicates that

all quantities have been evaluated at the temper&fuwhich is the temperature of the walls at timg 0. Thus our

study is limited to small difference of wall tempgure to the fluid temperature.
On the use of the equation (5), equation (3) besome

oT _, 0°T

—=k—-4(T-T) |, 6
P ot 0z (T-7) (6)
where

=] K, { ]hd/lﬂ @)

Introducing non-dimensional variables

z (u Vv T-T, H
=—, , V)= , 0= y U=y @), t,=—, 8
=g 7 h2 ©,v) " -1 O=w 1@). 6= 8
equations (1), (2) and (6) become
2
Moy, =P+ 2% 4 Gro- M7y, 9)
or on
2
Mok =% vy, (10)
or /7
66? 0’6 (11)
ar 017
BZ 2 2 2
where M? =750 is the magnetic parametel* = the rotation parameteR = the radiation parameter,
Yol v
0 _ VC 2
Gr :M the Grashof numberPr = A% the Prandtl numberp = - h_dp the non-dimensional fluid

VU, k PVU, OX
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pressure.

The corresponding initial and boundary conditiomsd, and 8 are
u=0=v,0=0 for O<sp<1andr< O

u = f(r),y=0,8=r atn=0 forr >0,

uy=0=v, =0atn=1forr >0

Combining equations (9) and (10), we get
oF o, 0F

5 o +Gré-A%F,
r

where
F=u+iv, A2=M2+2iK? andi=+/-1

The initial and the boundary conditions fBrand & are
F=0,6=0 for Osp<1andr< O

F=f(r),0=r atn=0 forr >0,
F=0,6=0atnp=1forr >0

Taking Laplace transformation, the equations (18) @1) become
P d°F
—+

s 2

sF= +Gré - A°F,

-
Prsﬂ:?JI o -R9,

where
F(7,9 =jo°°F(/7,r)éS’ & and 8 g ,9)= jomeo 7)e d

The corresponding boundary conditionsfoand 8 are
FO.9)= f(9), 8(0,9=~ ,F(1,5)=0, & (1s)= 0
s

where f (s) is the Laplace transform of the functidn(r) .

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

1 sinh\/sPr+ R(1-7) for Pr#1

s’ sinh\/sPr+R

1 sinlW/s+ R(1-17)
s  sinhJs+R

for Pr=1,
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(19)

(20)
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smhm a-n)
sinhy/s+ A2
+ Gr {smhm (1-n)_sinh/sPr+ R(l—/])}
(Pr-1)(s+b)g| sinh/s+A? sinhy/sPr+ R
., P : {l_sinh\/ﬁn_ sinhy s+ A? (1—/7)1 for Prl
s(s+A%) sinhy/s+ A2 sinhy s+ A2
F(7.9) = (21)
smhm a-n)
smhm
N Gr {smhm (I-n)_ sinh/s+ R(t7 ﬂ
(R-A)$*|  sinh/s+A2 sinh/s+ R
., P {1_ sinty/s+A% 7 _sintV' s+ A% (&n )} for Pr=1
S(s+A%) sinhy/s+ A2 sinhy s+ 12 ’
whereb=R=4"
Pr-1

Now, we consider the following cases:
(i) When one of thewall (17 =0) started impulsively:

In this casef (1) =1, i.e. f(s) :}. The inverse Laplace transforms of the equati@d3 &nd (21) give the solution for
S

the temperature and the velocity distributions as

S|th_(1—,7) Pr
sinhvR 2 Rsintt RL(l n)coshVR (&7 )sink/R

-sinhV/R (1—/7)cosh/§]+ i T ¢’

6(n,1) = (22)
smhx/_ (1—/7) 1
sinhv/R 2/ Rsinh™/ R-

simm for Prz !
r

(1 n)coshVR (&7 )sink/R

SlT

-sinnW/R (1—/7)cosh/§]+ Zme—z simmy for Pr=
P
sinhd (1=77), Zanr S|nnnz7+ E@rAPrydR) for Prz 1
sinhA =
F(r.1)= (23)
sinhA (1- /7)+2an s+ F, 0 7 A y/R) for Pr=1,
sinhA o
where
i rb-1) sinhA (1-7) sinh/R (xn
1B sinhA sinhV/R
m{(l n)cosh (tn )sind - sind @7, )cosh
sin

m{(l n)costW/R (&7 )sink/R - S|nh\/_(1—/7)cosh/T?}
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& o . .
+22n sinvm +P[i2{l— SI!’]MI] - Smh_a (&7 }
s (s+h g(st pP p sinhA sinh/

> n_ e .

+2§nn[(—1) 1}—82(%_”2) smm} :
_ Gr sinhA(1-77) sinh/R (Xn

R 1. AR = R—AZH sinh) sinhvR } @9

+2/1_;2{(1—/7)cosh/1 (n )sinkl - sink @7 )cost}

m{(l n)cosh/R (7 )sink/R
—sinn/R (1—/7)cosh/T?} +2§:nﬂ{12 —e%;}sinnml,
1, sinhAdp _sinb (7 @ v e? .
+PLT2{1 sinhd  sinhi }+2n§n”[( 2 1]32(32 A7) S'mm} ’
§=-0TR s =i,

A is given by (14). On separating into a real andgmary parts one can easily obtain the velocityponentsu, and
v, from equation (23).
For large timer , the equations (22) and (23) become

smh\/_ (1—/7) Pr
sinkvV/R Z\/F{sm

-sinhvV/R (1-77 )cosh/—RJ for Prz1l
6(n.1) = (25)

smhx/— (1—/7) 1
sinhv/R 2/Rsinh

-sinhW/R a-n )cosh/l_ﬂ for Pr=1,
sinhA (1-n7)
sinhA
F(.7)= (26)

SN A=7), e (rANR)  for Pr=1,
sinhA

ZJ_RL(l n)cosh\/ﬁ (n )smh/_R

- R[(l—/])coshx/ﬁ (7 )sink/R

+F1(/7,r,/l,Pr,\/§) for Prz1

where

1 by SN (=) sink/R (&7
1| b? sinhA sinhv/R

H(l n)cosh (&7 )sinkl - sind @7, )cosh
2bAsinh?A

—m{(l—/])cosh\/ﬁ (7 )sink/R
sinhJR (1-7 )cosh/R}] +p|:/]_12{1_ sinhAp _ sinhd (7 ﬂ

sinhA sin
_ Gr sinhA (1-77) sinh/R (£7
R 1. AR)= R-A2 { { sinhA sinhW/R } @)
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+%{(1—/7)cosm (7 )sinki - sind @7 )cosh)
4{(1 n)coshVR (&7 )sink/R - smhx/—(l—n)cosh/—H

VRsinh™/R
+p i{l— S|-nhA/7_ smh./l (En } '
A? sinhA sinhd

A is given by (14).

(i) When one of thewall (7 =0) started accelerately:

In this casef (1) =7, i.e. f(s) :iz. The inverse Laplace transforms of equations é2@) (21) yield
s

smhx/— (1—/7) Pr
sinhVR 2/Rsinh

2\/_RL(1 /7)cosh\/_ R (En )smh/ﬁ

-sinhV/R (1—/7)cosh/T?]+ %msfi 5 simm for Pr# -

6(n,r) = (28)
S'”Zl‘r/;jf”) ZJE{S|ih2 R[(l—q)coshﬁz (tn )sink/R
-sinhV/R (1—/7)cosh/T?]+ E;WTGSL—SZ simmy for Pr= [
rSin:iAnS]—”L 2/lsiihz/]{(l—n)cosh/l (1 )sink
-sinhA (1-77 )coshi}
+22nrre:2r sinnrm+ K @71 A ,Pr,\/ﬁ) for Prz 1

Fon={ (@9)
rsmzi/]n:;_nh e 1 2/]1(1 n)cos (n )sinhl
-sinhA (1—/7 )cosm}
+22nﬂ for Pr=1,

where A is given by (14),F1(/7,r,/1,Pr,\/—), F,(n.7,1 ,\/ﬁ), s, and s, are given by (24). On separating into a real and
imaginary parts one can easily obtain the velooitsnponentsy, andv, from equation (29).
For large timer , equations (28) and (29) become

Tsmhx/ﬁ (1—/7) Pr
sinhv/R 2/Rsinh
—sinnW/R a-n )cosh/l_?] for Pr#1
6(n,7) = (30)
smhx/ﬁ (1—/7)
sinhv/R Z\E{sm ;

~sinhW/R (1-77 )cosh/T?] for Pr =1,

- RL(l n)coshVR (7 )sink/R

RL(1 n)coshJ_ R (tn )smh/l_?
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Tsinh/i (1-n )+ 1
sinh/ 2AsinhA"
-sinhA (-7 )coshi}
+F1(/7,r,/l,Pr,x/§) for Prz1
F@n.7)= (31)
Tsinh/l (1-n )+ 1
sinhA 2Asinh’A*
~sinhA (1-77 )coshi}
+F,(7.1.AR) for Pr=1,
where A is given by (14),F1(I7,T,/1,PI‘,\/§) and F,(7,7,1 ~/R) are given by (27).

(1-n)cosM (7 )sinhl

(1-n)cosM (7 )sinhl

In the absence of fluid pressu(® =0), the equations (23) and (29) are identical with ¢lgquations (23) and (29) of
Sarkar et. al. [23].
RESULTSAND DISCUSSION

We have presented the non-dimensional velocitytangberature distributions for several values of nedig parameter
M?, Rotation parameteK ?, Grashof numbe(Gr, radiation parameteR , Prandtl numbeiPr and time7 in Figs.2-14
for both the impulsive as well as the acceleratetion of one of the walls. It is seen from Fig.2attthe primary velocity
u, increases for both impulsive and accelerated matfoone of the walls with an increase in magnpéicameterM .

This indicates that the applied magnetic fieldffeaively moving with the free stream. The resuitiLorentizian body
force will therefore not act as a drag force asanventional MHD flows, but as an aiding body for¢ais will serve to
accelerate the primary velocity. Fig.3 reveals it primary velocityu, decreases near the waly =0) while it

increases in the vicinity of the wafly =1) for impulsive motion of one of the walls wherehs primary velocityu,

increases for accelerated motion of one of thesaaith an increase in rotation parametef. The rotation parameter
K? defines the relative magnitude of the Corioliscéoand the viscous force in the regime, therefoie dlear that the
high magnitude Coriolis forces are counter-producfor the primary velocity. It is observed frongH that the primary
velocity u, decreases in the regidi< 7 < 0.46 and then it increases for both impulsive and @resétd motion of one
of the walls with an increase in Grashof numfer. It is seen from Fig.5 that an increase in radraparameteR leads

to a decrease in primary velocity for both imputsand accelerated motion of one of the walls.didates that radiation
has a retarding influence in primary velocity. dtrevealed from Fig.6 that the primary velocily decreases in the
region 0<7 < 0.61 and then increases for impulsive motion whereasciteases in the regio@ <, < 0.54 and then

decreases for accelerated motion with an increasene 7 . It is noted from Figs. 2-6 that the primary vétpdor the
impulsive motion is greater than that of the aacedésl motion. It is observed from Fig.7, and Fitdn&t the magnitude of
the secondary velocity, increases for both impulsive and accelerated matioone of the walls with an increase in

either magnetic parameté ? or Grashof numbeGr . It means that magnetic field and buoyancy foeseltto enhance
the secondary velocity. It is illustrated from Bigind Fig.10 that the magnitude of the secondalocitg v, decreases

for both impulsive and accelerated motion of onetha walls with an increase in either rotation paeter K> or
radiation parameteR . It indicates that rotation and radiation havearding influence in secondary velocity. Fig.11
reveals that the magnitude of the secondary veglogjt increases for impulsive motion whereas it decredse
accelerated motion of one of the walls with an éase in timer . From Figs.7-11, it is interesting to note thag th

magnitude of the secondary velocity for the acedést motion is greater than that of the impulsiwiom of one of the
walls.
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Fig.2: Primary velocity for M2 with R=5, K?=5, Pr=0.03, Gr=5and 7 =0.5
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Fig.11: Secondary velocity for 7 with R=1, M? =10, Gr =5, K* =5 and Pr=0.03

The effects of radiation paramet®r, Prandtl numberPr and time7 on the temperature distribution have been shown
in Figs.12-14. It is observed from Fig.12 that thid temperatured decreases with an increase in radiation parameter
R . This result qualitatively agrees with expectasiosince the effect of radiation decrease theakémergy transport to
the fluid, thereby decreasing the temperature effiiid. Fig.13 shows that the fluid temperatufedecreases with an
increase in Prandtl numbdr . Prandtl numbeiPr is the ratio of viscosity to thermal diffusivithn increase in thermal
diffusivity leads to a decrease in Prandtl numbererefore, thermal diffusion has a tendency to cedthe fluid
temperature. It is revealed from Fig.14 that amdase in timer leads to rise in the fluid temperature distriboti@. It
indicates that there is an enhancement in fluigperature as time progresses.

0.2 T T T T T T T T T

R=051,23

6.

U 1 1 1 1 1 1 1 1 1
0 0.1 0.2 03 04 05 06 07 08 09 1

m
Fig.12: Temperatureprofilesfor R with 7 =0.2 and Pr =0.03
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Fig.13: Temperature profilesfor Pr with 7 =0.2and R=1
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Fig.14: Temperatureprofilesfor 7 with R=1 and Pr =0.03

EVALUATION OF PRESSURE
To determine the fluid pressule, we

j:F (n,7)dn =1.

0.1 02 0.3 04 0.5 0.6 0.7 0.8
n

assume

0.9

(32)

For impulsive motion of one of the walls , on thee of (23) and integrating equation (32), we getfluid pressure

1+ H, (1, 1) -2 H,(1,7)
Pr-1 for Pr#1
H,(A,7)
R, =
1+H3(/1,r)—7Gr2H5(/1,r)
R-A for Pr=1,
H,(A,7)

And for large timer , (33) becomes
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Gr
1+L,(A,1)-
Pr-1 for Pr#1
L(A.7)
R = (34)
1+L,(1, r)— sLs(A.7)
for Pr=1,
Lz(/l,r)

where im’ stands for impulsive motion of one of the walls.
Similarly, on use of the equation (32), equatio®)(@ives the fluid pressure due to acceleratedanaif one of the walls
as

1+H,(4, r)— Gr H A1)
for Pr#z1
Hz(/l,r)
Pe = (35)
Gr
1+H,A, r)— H (A7)
—A° for Pr=1,
H2(/l,r)
And for large timer , (35) becomes
1+L,(A, r)—
for Pr#1
Lz(/l,r)
Pe= (36)
Gr
1+L, (A, 1)-——L,(A,1)
R-A for Pr=1,
L,(4,7)
where'ac stands for accelerated motion of one of the walls
- 2 i
Hl(A,r)=—i2(rb—1) 1 (?OSM— t C,OSJdﬁ 1 fsmh/\ 1(1 cosm)(ﬂ— cosbl)
b Asinhd  JRsinhW/R 2b/15.nh2)|1 A p)

- pr [sinhzx/§+i _ sin/R _
Zb\/ﬁSinhZ\/_Rl JR \/—R(l cosh\/ﬁ)[—\/_R cosh/ﬁ]}

e o
_22[(_1) ) ]{% (5+D  §( §+ D P}

H, (A7) = )Ismh/};jrﬁm coshl ) 22[( 1y _:q

sz(awl)
S ST
H(1, 1) = 150, COE;” Z[(—l)”—l]esz :

n=1

1-coshi 1 jsinhzﬁ inkA & o €2
T ZsmiA| A ](1 ( + cosbl)} +2n§[( 1) 1} 5

H(A,1)=-T 1—c-osh)l_ 2 c_osk/ﬁ o1 [sintiA 1(1 cosm)(—smm— cosH)
Asinhd  JRsinh/R|  24siniA| A A p)

H,(A.7)=

Pr Jsmhzx/— _ sini/R _
Zx/ﬁsmhz\/_Rl JR \/_R(1 h\/ﬁ)[ VR COSWE]}
STy -l &€
anzl[( 1) 1]{522 gz}, @37
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o

1-cosm t coskR 1 sinhA , 1
- +
AsinhAd  JRsinh/R|  20AsinkA | A 3

Pr Jsmh\/_+_ sinh\/ﬁ_
“m/RaVR| VR VR S W)}

AsinhA + 2(1- coshl )

L(A,1)= —b—lz(rb—l){ —(1- cosh/l)[

L,(A,7)= ,
(A1) A%sinhA
1-cosh
Ar)=—v—,
LA D=
- o2 i
L4(/l,r):r1 (,toshzl_ L [S'nh/]+—](1—cosh/l)( sind coshj
AsinhA  2siniA| A A p)

LA7) =1 1-cosh _ + cosk/R 1 [sinh4, 1(1 cosm)(smm—cosh]
AsinhA  JRsinhvR zzlsinhm A A

szFl)r:thﬁ{SIH\r/]ﬁf \/—R(l cosh/—)[Sir:/h_\/R_R— cosh/ﬁ)}

Numerical values of fluid pressure calculated frequations (33) and (35) are presented in Tablesd12afor several
values of magnetic parameté4?, rotation parameteK? and radiation parametgR when the wall at(7 = 0) starts
either impulsively or accelerately. Table 1 anch@w that for both the impulsive as well as the &reged start of one of

the walls, the fluid pressure increases with ameiase in either magnetic parametdr’ or rotation parametekK? or
radiation parameteR . Further, the fluid pressure due to impulsive motf one of the walls is larger than that due to
accelerated motion of one of the walls.

Table 1. Values of the pressure due to impulsive motion and accelerated motion of thewall (/7 = 0)

P Pe
M2\K2 | 4 6 8 10 4 6 8 10
2 1.20349| 1.75101| 2.23953| 2.64573| 0.63891| 1.38152| 2.07798| 2.66429
3 1.98450| 2.62209| 3.15573| 3.57895| 1.32449| 2.18911| 2.95002| 3.56221
4 2.76548| 3.50039| 4.07881| 4.51813| 2.00325| 3.00437| 3.83150| 4.46875
5 3.55301 | 4.38909| 5.01059| 5.46371| 2.68090| 3.83179| 4.72502| 5.38453

Table 2. Values of the pressure due to impulsive motion and accelerated motion of the wall (l] = O)

MZ2\R 2 4 6 8 2 4 6 8

2 1.34393| 1.42019| 1.55017| 1.70768| 0.87173| 0.94799| 1.07796| 1.23547
3 2.21529| 2.26510| 2.37524| 2.52942| 1.66406| 1.71386| 1.82401| 1.97818
4 3.09097| 3.11660| 3.20233| 3.34718| 2.45855| 2.48418| 2.56991| 2.71476
5 3.97220| 3.97762| 4.03616| 4.16449| 3.25729| 3.26271| 3.32125| 3.44959

For the impulsive motion of one of the walls, thenrdimensional shear stresses at the wgjls 0) and (7 =1) are
respectively given by

T, +ir, = B_F
X0 Yo 6,7 =0

= (38)

-AcothA + ZZn 772 +Q(OI A PryR) for Prz 1

0 ST
-AcothA + Zannze—+G2 07 A JR) for Pr=1
n=1 %

and
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r, +ir, = 9F
X N 6/7 -1

0 esZr
~Acosechl + >’ ¢ I—+G (I A PryR ) forPrz
n=1 Sz

= (39)
o ey
—-Acosech + §_:n2n2 € 1r)§+G2 (I AR ) forPr=
where
= Gil[b_lz Tb- 1)(\/—R coth/ R-21 Cothi)
1 .
—(A- h sint
+2b/lsinh2/1( cosh sinm) - 2b\/_Rs|nh2\/T?(\/— coshV/R smh/—R)
+2§:n2n2{ € _ al } +P[1{coth/1— cosech}
= '(s+h S(s+pP A
2 A e?
+ZZn [ (-1) 1]—( +/12)}’
G@1,7,A,Pr ~R)= Br 1[; (b- 1)(x/_Rcosech/_R—/1 coseom)
+m(/lcosh/1— sinhi) - Zb\/_Rsth\/_(\/_cosh\/T? smh/T'!)
» e o 1
+22n -1y {Sz (s 5 (s b P} —P[j{coth/l - cosech}
o 2 —1\ _ e%T
+ZZn [ (-1) 1]—52(%”2)}, (40)
G,(0.7, ,Jﬁ):—[ (VReoth/R-1 cothi) + /lsmhz/](/l—cosh/l sint)

e
2\/—smh2x/§(\/_ cosh\/T?smh/_R) +2Zn ;72{ . H

1 - o

P hA - WY + 2> -1y -1 —S |,

+ [—{cot cosechl} + ;n [( ) JSZ(%_MZ)}
G,(1,7. \/_R)——[ («/_Rcosech/_R—/i coseoh)
1 .

+m(/lcosh/l— sin) - «/_smhzx/_R(\/—COSh\/ﬁ smh/—R)

2 oY

+2§:n2n2(—1)”{22 7 H [—{coth)l - cosech} +22n 772[(—1) —1]

A is given by (14),s, ands, are given by (24).
For accelerated motion of one of the walls, the-dionensional shear stresses at the wéliss0) and (7 =1) are
respectively given by

T, +ir, = O_F
X Yo 6/7 =0

s(s 7 )}
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-7Acoth/ +;2(/1 - coshi sink)
2Asinh*A
o ST
Zannze—2+Gl(O,r,)l,Pr,\/—R) for Prz 1
n=1 Sz
= (41)
1 .
~rAcothA + ————(A - cosh sink)
2Asinh’A
o0 Syl
Zannze—2+Gz(0,r,/1 ~R) for Pr=1,
n=1 Sz
and
T, +ir, = oF
X N 0,7 =t
—-rAcosech +;2(/1 cosi - sinh)
sinh“A
© Syl
2321+ G Ar A PryR)  for Prz 1
n=1 sz
= (42)
-rAcosech +;2(/1 cosi - sinh)
sinh’/
0 ST
2302 (-1 +6, (17 A JR) for Pr=1,
n=1 52

where] is given by (14)G,(0,7,4,Pr J/R), G,(1,7,4,PrJ/R), G,(0,7,4 ~/R) and G,(1,7,A4 ~/R) are given by (40).
Numerical values of the non-dimensional shear s¢eat the wal(;7 = 0) are presented in Figs.15-18 against magnetic

parameterM? for several values of rotation parametéf and radiation parameteR when r =0.2, Gr=5 and
Pr =0.03. Figs.15 and 16 show that the absolute value ®fstiear stressXO at the wall (7 =0) due to the primary

flow increases with an increase in either rotapanameterk > or radiation parameteR or magnetic parametevl > for
both the impulsive as well as the accelerated maifoone of the walls. It is observed from Figsatid 18 that the shear

stressry() at the wall (7 =0) due to the secondary flow increases with an iregréa either rotation parameté® or

radiation parameteR whereas it decreases with an increase in magpatameterM ? for both the impulsive and the
accelerated motion of one of the walls. Furtheis @ibserved from Figs.15-18 that the shear stsessthe platg7 = 0)

due to the primary and the secondary flow for thpulsive start of one of the walls is greater ttiat of the accelerated
start.

36 B
S

3k KZ=8,9,10,11 4

Impulsive motion

a5 281 — — — - Accelerated motion ]

K:=8,89,10, 11

1

Fig.15: Shear stress TXO dueto primary velocity for K? when R=1
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Fig.16: Shear stress T dueto primary velocity for R when K2 =5
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Fig.17: Shear stress Tyo dueto secondary velocity for K2 when R=1
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Fig.18: Shear stress 7, dueto secondary velocity for R when K2 =5

The rate of heat transfer at the walls=0) and (7 =1) are respectively given by
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/R cothyv/ R- \/_smhz\/_[\/_R Cosh/_Rsmh/_@

for Prz1l

-2 3 n? 71 e
26 Zl SPr
-00)=-22| = 43)

01|,
/R cothy/ R- «/—smhzx/—R[\/_R cosh/ R smh/_lﬁ
e

Zanrf— for Pr=1,

T Rcosech/T?—Z\/ﬁsmhz\/_[\/_R coskl R- sm&ﬁ_@

S 2 —_1\n e v
_ZHZIH T (-1) <P
—e“(l):—ﬁ = (44)

) 7+/Rcosech/R- «/—smhzx/—[\/_R coskl R- smﬁ_@

T

—Zannz(—l)”e—2 for Pr=1,
n=1 Sl

for Prz1l

where s, is given by (24).

Numerical results of the rate of heat transf&'(0) at the wall(/7 =0) and the rate of heat transfeg'(1) at the wall

(7 =1) against the radiation parametRr are presented in the Table 3 and 4 for severakgabf Prandtl numbePr
and time7 . Table 3 shows that the rate of heat transféf(0) increases whereasg’(1) decreases with an increase in
Prandtl numberPr . It is observed from Table 4 that the rates oft iemnsfer -'(0) and -8'(1) increase with an
increase in timer . Further, it is seen from Table 3 and 4 that #Hie pf heat transfer8'(0) increases whereas the rate
of heat transfer-8'(1) decreases with an increase in radiation paranteter

Table 3. Rate of heat transfer at theplate (/7 = 0) and at theplate (17 =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
1.0 | 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

Table4. Rateof heat transfer at theplate (/7 = 0) and at theplate (/7 =1)

-6 (0) A0

R\t 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
0.5 0.12551| 0.24165| 0.35779| 0.47392| 0.08767| 0.17980| 0.27193| 0.36405
10 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 Coudittev in a rotating system confined between twdriitély long
vertical walls with variable temperature have bestadied. Magnetic field has an accelerating infbeerwhereas
radiation has a retarding influence on the velocaynponents for both the impulsive as well as teekerated motion of
one of the walls. The effect of the rotation iswemportant in the velocity field. An increase iither radiation
parameter R or Prandtl numberPr leads to fall in the fluid temperaturé. There is an enhancement in fluid
temperature as time progresses. Both the rotatidradiation enhance the absolute value of thersmmser and the
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shear stressyO at the wall(r7 = 0) for both the impulsive as well as the acceleratetion of one of the walls. It is to be

noted that the shear stresses at the flate0) due to the primary and the secondary flow forithpulsive start of one

of the walls is greater than that of the accelerat@art. Further, the rate of heat transt& (0) at the wall (7 =0)
increases whereas the rate of heat transé(1) at the wall(7 =1) decreases with an increase in radiation parameter
R.
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