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ABSRAECT

Effects of Hall currents and radiation on MHD freenvection of a viscous incompressible fluid cadibetween
two vertical walls in a rotating system have bekrgd. We have considered the flow due to the lshaias well
as accelerated motion of one of the walls. The iging equations are solved analytically using thaplace
transform technique. The variations of the fluidoegy components and the fluid temperature arespnted
graphically. It is found that the velocity compot®edecrease near the moving wall and increase ain@ay the
moving wall for both the impulsive as well as tloeederated motion of one of the walls with an iase in Hall
parameter. There is an enhancement in fluid tentpesaas time progresses. The absolute value ofsttear
stresses at the moving wall due to the primary #rel secondary flows for both the impulsive as waslithe
accelerated motion increase with an increase ihegitrotation parameter or radiation parameter. Tirege of heat
transfer at the moving wall increases with an irae in radiation parameter.

Key words: MHD Couette flow, free convection, Hall currentadiation, rotation, Prandtl number, impulsive
motion and accelerated motion.

INTRODUCTION

Couette flow is one of the basic flow in fluid dynis that refers to the laminar flow of a viscolugdf in the space
between two parallel walls, one of which is movanyl the other wall kepts at rest. The flow is drivgy virtue of
viscous drag force acting on the fluid. The rad@itonvective flows are frequently encountered anynscientific
and environmental processes such as astrophysises$,fwater evaporation from open reservoirs, hgatnd
cooling of chambers and solar power technology.tHemsfer by simultaneous radiation and convectias
applications in numerous technological problemduitiog combustion, furnace design, nuclear reastfety,
fluidized bed heat exchanger, fire spreads, salas,fsolar collectors, natural convection in casititurbid water
bodies, photo chemical reactors and many otheranlionized gas where the density is low and/orntiagnetic
field is very strong, the conductivity normal teetmagnetic field is reduced due to the free spigatif electrons and
ions about the magnetic lines of force before sirffecollisions and a current is induced in a di@t normal to
both the electric and the magnetic fields. Thigent;, well known in the literature, is called thallcurrents. Due
to Hall currents the electrical conductivity of tteid becomes anisotropic and this causes thenskzoyg flow. Hall
effects are important when the Hall parameter, tigcthe ratio between the electron-cyclotron feegry and the
electron-atom-collision frequency, is high. Thigophans when the magnetic field is strong or whencibiésion
frequency is low. Hall currents are of great imparde in many astrophysical problems, Hall accederand flight
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MHD as well as flows of plasma in a MHD power geter. The hydrodynamic rotating flow of an eledtig
conducting viscous incompressible fluid has gaicedsiderable attention because of its numerouscapioins in
physics and engineering. In geophysics, it is @&gptd measure and study the positions and velsaitith respect
to a fixed frame of reference on the surface ofheavhich rotates with respect to an inertial framéhe presence of
its magnetic field. The free convection in chanrfelsned by vertical plates has received attentiororg the
researchers in last few decades due to it's widagpbimportance in engineering applications likeliogoof
electronic equipments, design of passive solaresystfor energy conversion, design of heat exchandeman
comfort in buildings, thermal regulation procesaad many more. Many researchers have worked irfithisviz.
Singh [1], Singh et. al. [2], Jha et.al. [3], Jofhi, Miyatake et. al. [5], Tanaka et. al. [6] anthny others. Hall
currents and surface temperature oscillations &ffen natural convection magnetohydrodynamic heatmating
flow have been considered by Takhar and Ram [7&. ffénsient free convection flow between two veitarallel
plates has been investigated by Singh et al. [].[9] has studied the natural Convection in umstddHD Couette
flow. Thermal radiation effect on fully developedxed convection flow in a vertical channel has bstrdied by
Grosan and Pop [10]. Jha and Ajibade [11] haveiatuthe unsteady free convective Couette flow oéthe
generating/absorbing fluid. Al-Amri et al. [12] hadiscussed the combined forced convection andciridiation
between two parallel plates. The effects of thermadliation and free convection on the unsteady Geutow
between two vertical parallel plates with constheat flux at one boundary have been studied by hHéard13].
Rajput and Pradeep [14] have presented the effextumiform transverse magnetic field on the urdyeaansient
free convection flow of a viscous incompressiblectically conducting fluid between two infinite rtieal parallel
plates with constant temperature and variable rddfssion. Rajput and Kumar [15] have discusseddbmbined
effects of rotation and radiation on MHD flow past impulsively started vertical plate with varialdenperature.
Reddy et al. [16] have presented the radiationciednical reaction effects on free convection MH@wfithrough a
porous medium bounded by vertical surface. Theeaast MHD heat and mass transfer free convection 66
polar fluids past a vertical moving porous plateiporous medium with heat generation and theriffaistbn has
been studied by Saxena and Dubey [17]. The massféraeffects on MHD mixed convective flow from artical
surface with Ohmic heating and viscous dissipatiase been investigated by Babu and Reddy [18]. r&aead
Dubey [19] have analyzed the effects of MHD freen@xtion heat and mass transfer flow of visco-aldtid
embedded in a porous medium of variable permegbilith radiation effect and heat source in slipaMloegime.
Devi and Gururaj [20] have studied the effects afiable viscosity and nonlinear radiation on MHBwlwith heat
transfer over a surface stretching with a powerdalocity. The radiation effect on the unsteady MEd@hvection
flow through a non uniform horizontal channel hag studied by Reddy et al. [21]. Singh and Pafpakhave
studied the effect of rotation and Hall currentroixed convection MHD flow through a porous mediutied in a
vertical channel in the presence of thermal radiatDas et. al. [23] have investigated the radiagffects on free
convection MHD Couette flow started exponentiallghwariable wall temperature in presence of hesategation.
Effects of radiation on transient natural convettilow between two vertical walls have been disedssy Mandal
et al.[24]. Recently, Sarkar et. al. [25-26] haueged the effects of radiation on MHD free conweiCouette flow
in a rotating system. Oscillatory MHD free conveetflow between two vertical walls in a rotatingsteem has
been studied by Sarkar et. al. [27].

In the present paper, we have studied the effdctadiation on free convective MHD Couette flow afviscous
incompressible electrically conducting fluid in @tating system in the presence of an applied temssvmagnetic
field on taking Hall currents into account. It isserved that the velocity components decreasetheanoving wall
and increase away from the moving wall for bothithpulsive as well as the accelerated motion of afrthe walls
with an increase in Hall parameter. The fluid temperature decreases with an incr@gasadiation parameteR

whereas it increases with an increase in timeThe absolute value of the shear strg%sdue to the primary flow
and the shear stresz@0 due to the secondary flow at the wdly =0) for both the impulsive as well as the
accelerated motion increase with an increase reeitadiation parameteR or rotation parameteK?. Further, the

rate of heat transfer&'(0,r) at the wall (7 =0) increases whereas the rate of heat transéfl,7) at the wall
(7 =1) decreases with an increase in radiation paranteter

FORMULATION OF THE PROBLEM AND ITSSOLUTION

Consider the unsteady free convection MHD Couétte bf a viscous incompressible electrically conitug fluid
between two infinite vertical parallel walls separhby a distancé. Choose a Cartesian co-ordinates system with
the x - axis along one of the walls in the vertically wgrel direction and the - axis normal to the walls and the-
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axis is perpendicular taz-plane [See Fig.1]. The walls and the fluid rotatenison with uniform angular velocity
Q about z axis. Initially, at timet < 0, both the walls and the fluid are assumed to libeasame temperatui®

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

with temperatureT, +(T, —Th)tl, T, being the temperature of the wall @=0) andt, a constant. The wall at
0

(z=h) is stationary and maintained at a constant teryrerd, . A uniform magnetic field of strengttB, is
imposed perpendicular to the walls. It is also as=li that the radiative heat flux in thedirection is negligible in
comparison with that in the - direction. As the walls are infinitely long alongand y directions, the velocity and
temperature fields are functions af andt only. We assume that the magnetic Reynolds nurfuvehe flow is

small so that the induced magnetic field can bdawtgd. This assumption is justified since the netignrReynolds
number is generally very small for metallic ligudpartially ionized fluid.

Fig.1: Geometry of the problem.
The generalized Ohm’s law on taking Hall currents iaccount is [see Cowling [28]]
e AT (= =\ (&, <o
i+ (7xB)=0(E+dxB), )

whereqd, B, E, |, 0, w, andr, are respectively the velocity vector, the magniiici vector, the electric field

vector, the current density vector, the electrindigctivity, the cyclotron frequency and electrodlismn time. In
writing the equation (1), the ion-slip and the theelectric effects as well as the electron presguadient are
neglected.

The equation of continuityl [ =0 with no-slip condition at the plate givas=0 everywhere in the flow where
d=(uv,wW, u, v and w are respectively the velocity components alongdberdinate axes. The solenoidal

relation 0B =0 gives B,=constant B, everywhere in the flow wherB = (0, 0,B,). The conservation of electric
current0[J =0 yields j, = constant wherg = (jx, Jyrl Z) . This constant is zero sincg =0 at the plates which

are electrically non-conducting. Hencg, =0 everywhere in the flow. As the induced magnettdfis neglected,

_ - oE
the Maxwell’'s equation OXE = —%—? becomes OxE =0 which gives a:* =0 and sy =0 where
z z

E E(Eﬂ E, 5) . This implies thatE, = constant ancE, = constant everywhere in the flow.

In view of the above assumption, equation (1) \@eld
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Jx*mj, =0o(E, +VR), @)
jy—mj, =o(E, -uB), 3
wherem= a7, is the Hall parameter.

Further, we assume th& =0 as there is no applied and polarization voltagstexHence, solving fof, and j,
from equations (2) and (3) we have

. oB
e (v+mu), @)
. oB
Iy :1+r:]2 (mv_ u)’ (5)

where m=w,7, is the Hall parameter.

Under the usual Boussinesq’s approximation, oruteeof (4) and (5), the fluid flow be governed bg following
system of equations:

ou a°u o oB?

—=-2Qv=v—+ T-T)—>—(u- my, 6
: 5 FOE (=)= T h o (u my ®)
ﬂ+2§2uzvﬂ—a—|3§(v+ mu) (7
ot 07 p(l+nf) ’

oT 9°T aq

C — = k———r, 8
Poa =072 a2 ®

where g is the acceleration due to gravity, the fluid temperature], the initial fluid temperature,3” the
coefficient of thermal expansiom, the kinematic viscosityp the fluid densityk the thermal conductivityc, the
specific heat at constant pressure apdhe radiative heat flux.

The initial and the boundary conditions for velp@nd temperature distributions are
u=0=v, T=T for 0<s z< hand &€ 0

u=U(t), v=0, T:'I;+('g—'p)tl at z= 0 for t>0 9)

u=0=v, T=T at z= hfor t>0.
It has been shown by Cogley et al.[29] that in dtipgically thin limit for a non-gray gas near eqpilum, the
following relation holds

ai:g,('r_-r )J'°°K aeﬂ da® (10)
ay "o TulaT i '
where K} is the absorption coefficient)” is the wave Iength;aADp is the Planck’s function and subscript

indicates that all quantities have been evaluatédeatemperaturd, which is the temperature of the wall at time
t <0. Thus, our study is limited to small differencewdll temperature to the fluid temperature.
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On the use of the equation (10), the equation ¢8pmes
oT 0°T
C =k—-4T-T) I,
p p at a 2 ( )

where

=] K [ ld/ﬂ

Introducing non-dimensional variables
(U, V) 9 - T _Th
Uy , -

,U(t>:%f(r),r0:7ﬁ,

- hv r tol (ul’vl)

equations (6), (7) and (11) become

2
Moy =91 4 gra-
or on?
ov, . 0%, M?
—+2K°u, = - v, + my),
or toan? 1+m2(l W

69 0’0 _
6r 6/7

my),

oBin? . . i
where M2 =22 is the magnetic parametek? = an
oV

98 (T, -T)

VU,

pve
parameterGr = the Grashof number anér = P

The corresponding initial and boundary conditiomsy, and 8 are
u=0=v,8=0 for O<p<1landr< O

u =f(),v=0,8=r atn=0 forr >0
u=0=v,8=0atn=1forr >0

Combining equations (14) and (15), we get
oF _9°F

ar 0/7

where

2 2
F=u+iv, /12:15" 2+i(2K2+EMmZJ andi=+-1
m

The corresponding boundary conditions forand 8 are
F=0,6=0 for Osnp<1landr< 0

F=1f(r), d=r atn=0 for7 >0,
F=0,6=0 atyp=1 forr >0

Taking the Laplace transformation, equations (1) @6) become

-
sF=2 I§+Gr§ A?F,
— 2_
Prsg =4 ‘Z—PH,
dn
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the rotation parameterR=

the Prandtl number.

2

(11)

(12)

(13)

(14)

(15)

(16)

the radiation

17)

(18)

(19)

(20)

(21)

(22)
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where

F(7.9) :j:’F(q,r)e-Sr & and @ ¢ ,s)= j;"e(; r)e d (23)

The corresponding boundary conditions forand 8 are
FO.9)= (9, 8(0,9= =,
S

F(1,)=0, 8 (1,5)= 0,

(24)
where f (s) is the Laplace transform of the functidr(r) .
The solution of equations (21) and (22) subje¢h®oboundary conditions (24) are given by
inh/sPr+ R(1-
125|n . sPr+ R{777) for Pr#1
s°  sinh{sPr+ R
87,9 = (25)
12 S|nh\./s+ R(-n) for Pr=1,
s’ sinhys+R
t(9) sinhys+A% (1-17)
sinh/s+A?
. Gr sinhw/'s+4? (1-p) _sinhysPr+ R(1-77) for Pr#1
(Pr-1)(s+b)S| sinhys+A° sinhy/sPr+ R
F(n,9)= (26)
t(9) sinhys+A% (1-17)
sinhy/s+ A?
Gr sinhvs+A% (1-n) sinh/s+ R(t7 ) _
+ 5 - _ for Pr=1,
(R-13)¢ sinhv's+ A2 sinhv/s+ R
_ 32
whereb = R-/ .
Pr-1

Now, we consider the following cases:
(i) When one of thewalls (/7 =0) startsto moveimpulsively:

In this casef (r) =1, i.e. f(s) :} . The inverse Laplace transforms of equations 2%l (26) give the solution for
S

the temperature and the velocity distributions eetipely as
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smh\/_ R(1-7), Pr
sinhV/R 2/Rsinh z\/—RL(l n)coshVR (7 )sink/R

S
-sinhv/R (l—n)cosh/ﬁ}+ Z T i
n=0 S_L P

simmy for Pr£
r

0(n,1)= (27)

smh\/_ R(1-7), 1 |
sinhV/R 2/Rsinh ZJ—RL(l n)coshVR (&7 )sink/R

o 7
—sinh\/ﬁ(l—n)coshﬁq+ ere—z simm for Pr=
n=0 %

sinf S\ sinbA (I-77) , 22”” S|nnni7+ R@zAPyR) for Prz 1
sin =]

F@7.1)= (28)

smh/lsl ), ZZHH S|nn7717+ FEorAvR) for Pr=1,
sin =

_Gr |1, [sinhd (=) sinh/R (xn
—1L>2(Tb 1){ sinh/ sinhJR }

where

1 . .
+m(l—f7)cosm (£ )sinkl - sink @7 )cost)

m{(l n)coshVR (1 )sink/R -sinhv/R (-7 )cosh/—}

Zi e?’ el )
+ N7t - sinn y
{sf(w $(s+ b P} i

_ Gr sinhA (1-17) sinh/R (En
Fz(”’T'A’Jﬁ)"R—M[T{ sinh/ sinhVR } @9

+%(1—/])coshﬁ (tn )sindl - sind @7 )cosh

m(l q)cosh\/_ R (tn )smh/_R S|th—(1—n)cosh/—}

& e? e |
+22nn{?—?}smnm} ,

2
_@, s = (77 +12),
r
A is given by (19). On separating into a real andgdimary parts one can easily obtain the velocitpponentsu,

and v, from equation (28).

For large timer , equations (27) and (28) become
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sinhv/R (1-17) Pt . |
TR 2R R n)coshVR (77 )sink/R

-sinhV/R -n )cosh/_R] for Prz1l
6(7.7)= (30)
sinhv/R (1-17) 17
T +
sinhv/R 2/Rsinh™/ R

(1-n)coshVR (t7 )sink/R

—sinhx/ﬁ(l—n)cosh/_R} for Pr =1,
M+F1(U,T,A,Pr,«/§) for Prz1
sinhA
F(n,7)= (31)
M+F2(f7,r,/l,x/ﬁ) for Pr=1,
sinh/
where
e prdR)=8"| L p-1) sinhJ (1-7)_ sinh/R (t1
AN =5 b sinh sinhWR
+%(l—q)cosm (tn )sinkl - sink @7 )cosh
2bAsinh*A

2bVR sPirnhzx/ﬁ{(l_”) coshVR(1-77)sinh+/R -sinhw/R (1-77 Jcosh/R} |

E .1 ANR) = RGr |:T{sinh/1 (1-7)_ sinh/R (&7 } -

- A2 sinhA sinhvR

+1H(1—/7)cosh/1 (tn )sinll - sink @7 )cosh
2AsinhA

_m(l—/])cosh\ﬁ (t7 )sink/R -sinh/R (1—/7)cosh/—RH

and A is given by (19).
(ii) When one of thewall (7 =0) startsto move accelerately:

In this casef (1) =1 ,i.e. f(s) :iz. The inverse Laplace transforms of equations §2%i) (26) yield
s

Tsinh«/ﬁ a-n )+ Pr r
sinnvV/R 2/Rsinh/ R

o s
—sinh\/R(l—fy)cosh/ﬁ} 2. nr e2
n=0 S_L P

(1-n)coshVR (t7 )sink/R

simmy for Pr£
r

0(n.7) = (33)

sinhvVR (1-77) 1 [ ,
r Snh/E + ZJF{ginhzx/—RL(l n)coshyR (7 )sink/R

o 7
—sinh\/ﬁ(l—n)cosh/ﬁ]+ ere—z simmmy for Pr=
n=0 %
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rsinhA (-n )+ 1
sinh/ 2/15inh2/1
~sinhA (1-17 )coshi}

o o
+2> nr—sinnm + FE @ 7 A PryR) for Prz 1
S

n=0

{(1-n)cosM (En )sink

F(p.r)= (34)
sinhd (1-77) 1
r— +———{
sinh/ 2sinh?A
~sinhA (1-17 )coshi}
o ;T
+22nn§22 sinnvm + F,(n,7,A ,«/ﬁ) for Pr=1,

n=0

(1-n)cosM (7 )sink

where A is given by (19),F1(/7,r,/1,Pr,x/§), F,(n.7,1 ,x/ﬁ), s ands, are given by (29). On separating into a real
and imaginary parts one can easily obtain the Wgloomponenta, andv, from equation (34).
For large timer , equations (33) and (34) become

Tsinhx/ﬁ (1—/7)+ Pr r
sinhv/R 2/Rsinh™/ R
—sinhx/ﬁ(l—n)cosh/_R] for Prz1l
6(n,r)= (35)
Tsinh«/ﬁ (1—/7)+ 1
sinhv/R 2/Rsinh?
—sinhx/ﬁ(l—ly)cosh/ﬁ] for Pr =1,
rsinhA (1—/7)+ 1
sinh/ 2/15inh2/1
~sinhA (1-17 )coshi}
+F,(7,7,4,Pr J/R) for Pr#1
F.r)= (36)
TSIn:iAnE; s 2Asirlm2/1{
~sinhA (1-17 )coshi}
+F,(7.1.ANR) for Pr=1,

(1-n)coshV/R (+7 )sink/R

R[(l—n)cosh\/ﬁ (+n )sink/R

{(1-n)cosM (En )sink

(1-n)cosM (n )sink

where A is given by (19),F1(/7,r,/1,Pr,x/§) and F,(n,7,A ,x/ﬁ) are given by (32).

In the absence of Hall curren{sn=0), equations (28) and (34) are identical with theaions (23) and (29) of
Sarkar et. al. [19].

RESULTSAND DISCUSSION

We have presented the non-dimensional velocity &mdperature distributions for several values of medig
parameterM ?, Rotation parameteK ?, Hall parametem, radiation parameteR and timer in Figs.2-14 for both
the impulsive as well as the accelerated motioonef of the walls. It is seen from Fig.2 that thienary velocity u,

decreases for both impulsive as well as acceleratetions of one of the walls with an increase ingmetic
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parameterM . The presence of a magnetic field normal to tbevfin an electrically conducting fluid introduces a
Lorentz force which acts against the flow. Thisistége force tends to slow down the flows and hetie fluid

velocities decrease with an increase in magnetiarpater M 2. This trend is consistent with many classical stsid
on magneto-convection flow. Fig.3 reveals that ghienary velocity u, decreases in the regidh< 7 < 0.42 and
then it increases for both the impulsive as weltres accelerated motions of one of the walls withircrease in
rotation parametelK?. The rotation parameteK? defines the relative magnitude of the Coriolisctorand the
viscous force in the regime, therefore it is cldet the high magnitude Coriolis forces are coupteductive for
the primary velocity. It is seen from Fig.4 thaetprimary velocityu, decreases in the regidh<s <0.23 and
0< 1 <0.27 respectively and then it increases for both thpulsive as well as the accelerated motions of dne o
the walls with an increase in Hall parameter It is seen from Fig.5 that an increase in radiapparameteR leads
to a decrease in primary velocity for both the ifsjue and the accelerated motion of one of theswélindicates
that radiation has a retarding influence on themary velocity. It is revealed from Fig.6 that thénpary velocity u,
decreases for the impulsive motion whereas it as@s in the regiol®</s <0.32 and then decreases for the
accelerated motion with an increase in timelt is noted from Figs. 2-6 that the primary velpdor the impulsive
motion is greater than that of the accelerated anatiear the wallr7 =0) . It is observed from Fig.7 and Fig.8 that
the secondary velocity, increases near the wdly =0) while it decreases away from the wéil = 0) for both the

impulsive and the accelerated motions of one ofvihills with an increase in either magnetic paraméte or
rotation parameteK?. It means that the magnetic field and rotatiordtemenhance the secondary velocity in the
vicinity of the wall (7 =0) and to reduce it near the wdly =1). It is illustrated from Fig.9 that the secondary
velocity v, decreases near the wtt = 0) while it increases near the wdly =1) for both the impulsive as well as
the accelerated motions of one of the walls witlinenease in Hall parameten. It means that Hall currents have a
tendency to reduce the secondary velocity in teaiy of the wall (7 =0) and to enhance it near the wéji =1).
Fig.10 reveals that the secondary veloaityincreases for both the impulsive and the acca&dratotion of one of
the walls with an increase in radiation parameger It is observed from Fig.11 that the secondaryeity v,

decreases for the impulsive motion whereas it mees for the accelerated motion as timeprogresses. From
Figs.7-11, it is interesting to note that the selzwg velocity for the impulsive motion is greatéan that of the
accelerated motion of one of the walls. Furtherisitseen from Figs.2-11 that the value of the fluaocity
components become negative at the middle regiondset two walls which indicates that there occurserse
flow at that region. Physically this is possiblethe motion of the fluid is due to the motion o&tiwall in the
upward direction against the gravitational field.

Effects of radiation parametd® , Prandtl numbePr and timer on the temperature distribution have been shown
in Figs.12-14. It is observed from Fig.12 that flued temperatured(7,7) decreases with an increase in radiation

parameterR . This result qualitatively agrees with expectasiosince the effect of radiation decrease the ohte
energy transport to the fluid, thereby decreadimgtémperature of the fluid. Fig.13 shows thatflhie temperature
68(n,r) decreases with an increase in Prandtl nunitrerThe Prandtl numbePr is the ratio of the viscosity to the

thermal diffusivity. An increase in thermal diffutly leads to a decrease in Prandtl number. Thezefihermal
diffusion has a tendency to reduce the fluid terapee. It is revealed from Fig.14 that an increastme 7 leads
to rise in the fluid temperature distributid{s;, ) . It indicates that there is an enhancement i flamperature as

time progresses.
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Fig.3: Primary velocity for K? with R=1, M? =15, Pr=0.03, Gr =5, m=0.5and 7 =0.5
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Fig.4: Primary velocity for m with R=1, M? =15, Pr=0.03, Gr =5, K*=5and 7=0.5
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Fig.5: Primary velocity for R with Gr =15, M? =2, Pr=0.03, K?=5, m=0.5and 7=0.5
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Fig.7: Secondary velocity for M2 with R=3, K*=5, Pr=0.03, Gr=5, m=0.5and 7=0.5
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Fig.8: Secondary velocity for K2 with R=1, M? =15, Pr=0.03, Gr=5, m=0.5and 7=0.5
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Fig.11: Secondary velocity for 7 with R=1, M2 =15, Gr =5, K? =5, m=0.5and Pr =0.03
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Fig.13: Temperatureprofilesfor Pr with 7=0.2and R=1
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Fig.14: Temperatureprofilesfor 7 with R=1and Pr =0.03

For impulsive motion, the non-dimensional shearsstes at the wallg =0) and (7 =1) are respectively obtained
as follows:

r, +ir, = oF
X Yo 6,7 =0
e?

-AcothA + Zann2
n=0 Sz

+G (07 A Pry/R) for Prz 1

= (37)
e?’

S

-AcothA+ 2 n*m
n=0

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

o e
-Acosech + > n*7 ¢ l”)§+Gl (I, A PrdR ) forPrz

+G, (07 A¥/R)  for Pr=1

n=0

= (38)

© eSZT

-Acosech + D' 0’7 ¢ I—+G, (L AR ) forPr= 1
n=0 S,

where

Gr |1 1 .
O,T,/],PI’,\/_R = — @b- 1Y+ Rcoth/ R-1 cotil)| +—————(A —cosh sinM
Gi( ) Pr—1[b2 ¢ )( ) 2bxlsinh2/1( )

Pr - ° eszr eslr
7 _(JRr- 257 - ,
zbﬁesirmzﬁewE cosh/Rsinh/R) + 2" {sf(v H $(s+ b PH
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Gl(l,T,A JPr R): P—|: ( Th- 1)(\/ RCOSeCk/_R—/‘ COSG(Z") W(ACOSM - Sinh'l)
i 37
> © - ©
2b\/ﬁ$|nh2\/—R(\/ Rcoshy R- smh/_R) +2§ n? ?(-1) {322(%+ 5 (s b PH (39)

[ (\/—Rcoth\/—R—A cotm) (A -cosM sinh)

/15|nh2/1

T eﬁf
2\/_smh2\/_R(\/_ cosh\/ﬁsmh/—R) +22n n{ P H

G,(1,7,4 «/_R)— ;Z(Acosh/l - sinM)

Asinh“A

[ (\/_Rcosech/_R—/l Coseoh)

“2JR smhzx/l_?(
A is given by (19),5 ands, are given by (29).

JRcoshV/R- smh/—R) +22n 772(—1)”[ - fﬂ,

For accelerated motion, the non-dimensional shaasses at the wall¢y =0) and (7 =1) are respectively
obtained as follows:

r, +ir, = oF
X Yo 6,7 =0

-rAcothA +;2(/1 - cosh sink)

sinhA
ZZn 772 +Gl(0r A.PraR) for Prz 1
= (40)
-rAcothA +;(A - cosh sini)
sinhA
for Pr=1,
T, +ir, = a—F
X N 6,7 -1
—-rAcosechl + - (A cosh - sinh)
sinhﬁ
+22n 7 (-1) for Prz 1
= (41)
—-rAcosech + - (A cosh - sinh)
sinhﬁ
+22n nz(—l for Pr=1.

where A is given by (19)G,(0,7,4 ,Pr,\/—R), G(@.r,A ,Pr,«/—R), G,(0,r,1 ,\/—R) andG,(1,7,4 ,«/—R) are given by
(39).
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Numerical results of the non-dimensional sheaisstg at the wal{7 =0) are presented in Figs.15-18 against Hall

parameterm for several values of rotation parametéf and radiation parameteR when M? =10, 7=0.2,
Gr =5 and Pr =0.03. Figs.15 and 16 show that the absolute value efttiear streszsXO at the wall(7 =0) due

to the primary flow increases with an increaseitheg rotation parameteK? or radiation parameteR or Hall
parameterm for both the impulsive as well as the acceleratedtion of one of the walls. It is observed from
Figs.17 and 18 that the shear stre§os at the wall(r7 =0) due to the secondary flow increases with an irseréa

either rotation parametaf? or radiation parameteR whereas it decreases with an increase in Hallnpatier m

for both the impulsive and the accelerated motkamther, it is observed from Figs.15-18 that theashstresses at
the wall (7 =0) due to the primary and the secondary flow for itn@ulsive start is greater than that of the
accelerated start one of the walls.

35 T T T T T T T T T
3 L -
pel  K=89.10.11 |
a2 .
Impulsive motion
15¢ — — — — - Accelerated motion |
K:=8,9,10, 11
1 L .
 — 1 1 1 1 1 1 1 1 1

25 T T T T T T T T

Ra=1,2,3,4

o _— Impulsive motion

o 151 b

—_—— = Accelerated motion

Fig.16: Shear stress Z'X0 dueto primary flow for R when K? =5
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R=1,2734
25+ 8
o2 1
151 Impulsive mation
_— Accelerated motion
1t R=1,234 4
_5__.__.__T.__.__.__.__.__.___.__
09 091 09 093 09% 09 09 0957 098 099 1
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Fig.18: Shear stress Tyo dueto secondary flow for R when K? =5

The rate of heat transfe&#'(0,7) [:—

respectively given by

08

n=0

Pelagia Research Library

J at the wall(7 =0) and &'(1,7) [:—

08

J at the wall(7 =1) are

n=1
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60,n)=

© Ky
+2z n2 772—2
n=0 S

+2Zn 7 (-1)

d(1,n)=

where s is given by (29).

-rJRcothy/ R+

-rJRcothy R+

-r</Rcosech/R+

—T\/ﬁ COSGCh/_R'i'

23 0 72 (-1

VR hZ\/—R[\/_R— cosh/_Rsmh/_Fﬁ
Rsin

for Prz1l

IR hZ\/_[JT? cosh/_Rsmh/_Fﬁ
Rsin

for Pr=1,

IR hZJ_[J—F% cosk R- smllf_lﬁ
Rsin

el

2 for Prz1l
Pr

IR th—[JT? cosk/ R- smllf_lﬁ
Rsin

esl_z for Pr=1,

(42)

(43)

Numerical results of the rate of heat transfé(0,7) at the wall(7 =0) and -&'(1,7) at the wall(7 =1) against
the radiation parameteR are presented in the Table 1 and 2 for severakgabf Prandtl numbelPr and timer .
Table 1 shows that the rate of heat transfét(0,7) increases whereasd (1,r) decreases with an increase in
Prandtl numberPr . It is observed from Table 2 that the rates ot beasfer—g (0,7) and —-6'(1,7) increase with
an increase in time . Further, it is seen from Table 1 and 2 that #ie of heat transfer&'(0,7) increases whereas
the rate of heat transferg'(1,7) decreases with an increase in radiation paranfeter

Table 1. Rate of heat transfer at thewall (/7 =0) and at thewall (17 =1)

-9'0,7) -01,7)
R\Pr| 001 0.71] 1 2 | 001 o071] 1 2
0.5 | 0.23540| 0.44719| 0.52178|0.72549 0.18277 | 0.08573| 0.05865| 0.01529

0.26555| 0.46614| 0.53808|0.73721] 0.16885 | 0.08117| 0.05599 0.01483
0.29403| 0.48461| 0.55407|0.74881 0.15635 | 0.07690| 0.05346| 0.01438
0.3210: | 0.5026: | 0.5697¢ | 0.7603(| 0.1450¢ | 0.0729( | 0.0510¢| 0.0139:

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

-6'(0,7) -6'(1,7)

0.1 0.2 0.3 0.4 0.1 0.2 03 | 04

0.12551| 0.24165| 0.35779| 0.47392| 0.08767| 0.17980| 0.27193|0.36405
0.14014| 0.27144| 0.40275| 0.53405| 0.08110| 0.16619| 0.25128{0.33637
0.15398| 0.29960| 0.44522| 0.59084| 0.07518| 0.15396| 0.23273/0.31151]

0.1671: | 0.3263. | 0.4855( | 0.6446¢ | 0.0698: | 0.1429: | 0.2160: | 0.2890¢

CONCLUSION

The radiation effects on MHD free convective Coaidlbw in a rotating system confined between twfnitely
long vertical walls with variable temperature héen studied on taking Hall currents into accoltagnetic field
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and radiation have a retarding influence on thengary velocity. On the other hand, magnetic fields fam
accelerating influence near the moving wall andtarding influence away from the moving wall whereadiation
has an accelerating influence on the secondarcitglfor both the impulsive as well as the accdkstamotion of
one of the walls. Hall currents and rotation haxegeyinfluence on the velocity field. It is notdwat the velocity for
the impulsive motion is greater than that of theedgrated motion near the wally =0). An increase in either

radiation parameteR or Prandtl numbePr leads to fall in the fluid temperatu@. There is an enhancement in
fluid temperature as time progresses. Both thdiootand radiation enhance the absolute valueesttear stresses

Ty and Ty, at the wall (7 =0) for both the impulsive as well as the acceleratedion. Further, the rate of heat

transfer -6'(0,7) at the wall (7 =0) increases whereas the rate of heat transt(l1,r) at the wall (7 =1)
decreases with an increase in radiation paranieter
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