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ABSTRACT

we analyse the combined effects of Hall currents and radiation on the convective heat and mass transfer of a viscous
electrically conducting fluid through a porous medium confined in a rotating horizontal channel in the presence of
heat sources. The equations governing the flow, heat and mass transfer are solved exactly to obtain the velocity,
temperature and concentration and are analysed for different variations of the governing parameters G,D™*,M,m,N
and a.The shear stress and the rate of heat and mass transfer are numerically evaluated for different sets of the
parameters. The influence of the Hall currents and the radiation on the flow ,heat and mass transfer characteristics
are discussed in detail.
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INTRODUCTION

Free convection and mass transfer flow in poroudiume has received considerable attention due toutaerous
applications in geophysics and energy related probl Such types of applications include naturalutation in

isothermal reservoirs, acquifiers, porous insutaiio heat storage bed, grain storage extractiothefmal energy
and thermal insulation design. Studies associai#d flews through porous medium in rotating envinwent have
some relevance in geophysical and geothermal atiglitcs. Many aspects of the motion in a rotatirgmie of
reference of terrestrial and planetary atmosphegeirdluenced by the effects of rotation of the med Also

buoyancy and rotational effects are often comparablgeophysical processes. Convective transpaat fiotating
atmosphere over a locally heated surface givesoidest storms (typhoons) and other atmosphecelations.

The unsteady flow of a rotating viscous fluid irtlEannel maintained by non-tensional oscillationsmé or both
the boundaries has been studied by several autbhcasalyse the growth and development of boundayerb
associated with geothermal flows for possible aapibns in geophysical fluid dynamics.[1]

Later Singh et al[2] studied free convection in MHBw of a rotating viscous liquid in porous med&ingh et al
[3] have also studied free convective MHD flow ofatating viscous fluid in a porous medium pastiainite
vertical porous plate.

Alam et al [4] have studied unsteady free convectieat and mass transfer flow in a rotating systétn Hall
currents, viscous dissipation and Joule heating.

Akiyama and chang [5] numerically analysed the uefice of gray surface radiation on the convectibn o

nonparticipating fluid in a rectangular enclosedcp
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Recently, Ghaly [6], Chamkha et al.[7], YussyolHl and Ghaly[8], analyze the effect of radiatiaahtransfer on
flow and thermal fields in the presence of a maigrfatld for horizontal and inclined plates. Shoiahmud [9]

studied the effects of radiation heat transfer @gneto hydrodynamic mixed convection through aicarthannel
packed with fluid saturated porous substances.

AbdEIl — Naby et al [10] studied the effects of edtin on unsteady free convective flow pasta saefirtite vertical

plate with variable surface temperature using Crankicolson finite difference method. Chamkha et [&l]

analyzed the effects of radiation on free convectlow past a semi-infinite vertical plate with nsasansfer, by
taking into account the buoyancy ratio parameteeahesan and Loganadhan [12] studied the radiatidmzass
transfer effects flow of incompressible viscousdipast a moving vertical cylinder using Rosselapg@roximation
by the Crank — Nicolson finite difference method.

2.Formulation and solution of the problem

We consider the steady flow of an incompressibiggous, electrically conducting fluid through a @as medium
bounded by two parallel plates. In the undisturbide, both the plates and fluid rotate with sangubar velocity

Q and are maintained at constant temperature armkotmation. Further the plates are cooled or helayezbnstant
temperature gradient in some direction parallehtoplane of the plates. We choose a cartesiandinate system
O(x,y,z) such that the plates are at z=0 and z=l tha z-axis coincide with the axis of rotationtloé plates .The
steady hydromagnetic boundary layer equations dfomowith respect to a rotating frame moving withgalar

velocity Q under Boussinesq approximations are

_ZQVZ—%(%j+v(gzzgj+(yeHonu)—[£ju (2.1)
ZQu:—%(3—5]+v(§;/j—(yeHoJxv)—(£jv (2.2)

O=—%(%)+ﬂgﬁ—T0)+ﬂ'g(C—C0) (2.3)

The energy equation is

pOCp(u%—I+v%—;j:kl (‘32—;}+Q ®.4

The diffusion equation is
ac ac)__ (a%C 0°T
Ua + Va—y = Dl 6_2 + kll 6_2 (2.5)
Y4 Y4

where u,v are the velocity components along x andirgctions respectively,p is the pressure inclgdthe
centrifugal forcep is the density,k is the permeability constaris the coefficient of kinematic viscosityy,ls the

thermal diffusivity,D} is the chemical molecular diffusivityf3 is the coefficient of thermal expansiofs is the

volumetric coefficient of expansion with mass fiantQ is the strength of the heat source andiskthe cross
diffusivity.

When the strength of the magnetic field is vergéawe include the Hall current so that the geregdli Ohm'’s law
is modified to

J+aw,r (IXH)= 0 (E + 1. (GXH)) (2.6)

where q is the velocity vector,H is the magnetiddfiintensity vector, E is the electric field, Xlie current density
vector, @, is the cyclotron frequency?, is the electron collision time,is the fluid conductivity andi/, is the
magnetic permeability.

Neglecting the electron pressure gradient, ion-siijgl thermo-electric effects and assuming the rédeéield
E=0,equation (2.6) reduces to
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J, +mJ, =ouHyv (2.7)
J, -mJ, =(op,Hou) (2.8)

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

On solving equations (2.7) & (2.8) we obtain
ou H

J, :#m,f(v+ mu) (2.9)
O;UeHO
Jy :m(m\/—u) (2.10)

Using the equations (2.9) & (2.10), the equatiohsnotions governing the flow through a porous metiwith
respect to a rotating frame are given by

2 2 2
—ZQv:—E(@jﬂ/ al: + (U'UeHOZ) (mv—u)—(zju 12)
P\ 0x 0z P, L+m?) k
2 2 2
20u=-L[ P[0V ]_| (GHHo) (v+mu)—[£jv (2.12)
o\ dy 0z ) | p,+m?) k
1(op .
O=-——|— T-T, c-C 2.13

p(azjw’g( o)+ B%g(C-C,) 13)

Combining (2.11) & (2.12) we get
. 1 (dp (quzH ) . (Vj 9°q

-2iQq=—-——"|—= |- | ——=-|l-im)g-| —|q+Vv 2.14

g po(agj (poa+nf)( Jo It 55 (2.14)
Where
g=u+iv
§=x-ly
E=x+iy
Integrating (2.13) we get
pﬂ = B9[(T-Ty)d z+6°0[ (C-C,)d 2+ p(&,8) - g2 (2.15)

0

Using (2.15), equation(2.14) can be written as

A= M?Z@L-im) | [ 0°qg __ T -Ty)) .. [0(C-Cy)
2|Qq+(—(1+m2) jq+[qu V(azzj 2'89(—6{ J 20 g(—ag J (216)

Since 0 =q(z,t) ,equation (2.16) is valid if the temperature disttion and the concentration distribution are of
the form

T-Ty=ax+By+6(zt)

C-C,=a,x+B,y+C,(z1)

where @, ,31 are the gradients of temperature along O(x,y) reispdy anda,, ,82 are gradients of concentration

along O(x,y),6,(z,t) is the arbitrary function of z and t.

We take
TO = alx + ﬂly + lel
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To=a,x+By+06,,
to be the temperatures of the lower and upper plaspectively.

Similarly we take

C0 = a2X + ﬂly + ClWl

CO =0,2)( + 182y + C1w2

to be the concentrations of the lower and uppdepleespectively.

Using (2.14) and (2.15) and using (2.16) we get

2 25 _ _
—2iQﬁ+(Mjﬁ+[£jq—v(2gj+ﬁgAz+(ﬂDng):D2 (2.17)
z

L+m?)
Where
b, = 99(&.)
0¢
A=a +p
B=¢,+0,

The non-dimensional variables are
ZI_Z I_tV '=£,w'_£,8’:®|_3(012_01w1),C =ﬂ.gL3(Cl_Cl(d_L)

L L2’ L 2 v P2

The equations governing the flow, heat and masstea are (dropping the dashes)

0°q 20 —
57 | q=G{1+N)-R (2.18)
2
ZZ‘Z +a=P(Gu+Gy) (2.19)
0°C S0\ ( 0%8
Where
2
p :(D‘1+2iE‘1+—M d 'm)j
1+
E= v (Ekman number)
o)
N
D= o (Darcy parameter)
4
(G,G,)= M (Grashof number)

. |4
(G,G,.) = M (Modified Grashof number)
14

G=G,+iG, G, =G, +iG,
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L°D,
R=—; (Reynolds number)
Vv
"AC
N = ',BBT (Buoyancy ratio)
vV
P= E (Prandtinumber)
QL
a= K (Heat source parameter)
1
vV .
S=— (Schmidt number)
Dl
So= kigi (Soret number)
Vv
The boundary conditions are
g=0 on z=-1
g=0 onz=1

6=0,C=0 onz=1
0= @LS(QNLL _01w2) -0
0

V2

onz=1 (2.21)

. 3 _
C - ﬁ gL (C1v2\/1 C:lw2) :CO onz=1
Vv

Solving equations(2.18)-(2.20) subject to the baupaonditions(2.21) we obtain

_R(Cosh(d2) _,), G(Snh(i)
A2\ Cosh(}) A2\ Snh(})

6 =GP Real (% Cosh(Az) - cosh@)) + % (Sinh(Az) - zSnh(1))
_G
64

C = A Real ( A Cosh(/z) - cosh@)) + % (Sinh(Az) - zSinh(A))

2

SR ) Al

(z3 - z)—)l—r\;(z2 —1)+a1(z2 —1)+0—2°(1— 2)

3. Flow Rate ,Shear Stress,Nusselt Number And Sherwood Number

The non-dimensional flow rate is given by

Q=(Q, +iQ,)=[qdz
! (3.1)

= A—ZZ(AlSi nh(}) + R)

Shear stress on the wallsz = 1 are given by
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r= (rX +i ry)zzﬂ = (%)
z=%1

(3.2)
= A(+ A Sinh(A) + A,Cosh(A)) - (;TGZJ
Local rate of heat transfer across the walls (Nussenber) is given by
dé

Nu),_., =| —

( )Z__l [ dZ jz?_rl
(3.3)
= GP Real(((iAith(/]) * AZCOSh(/])) —Ezi Ezj ta, + A
A A2 A
Rate of mass transfer (Sherwood number) is given by
dC

N),.., = —

( )2-—1 ( dZ jz?_rl
+ASnh(1) + A,Cosh(1)) G _ R o4
= A Real ((_Ai nh(A) + A,Cosn( )j——zi—z + A+ A
A A7 A
where
_ R
A= A2Cosh())
_ G
= A2Sinh(A)

_ G A4 _ R
Ag—GPReaI(G/12 e Snh(A) J

A4 = —0_50!1 + 050 - GPR + (Alcjih(A) _ ijj
A = GN&_(M j
N
_ ScSoa,
57N

. G _Ag Co
A _ASReal(aAZ 7 th(/i)j+ >

A=A, Real(—)l—R;+ A Cosh()l)j+%+%

2
DISCUSSION OF THE NUMERICAL RESULTS

The velocity and temperature profiles are drawndifferent positive and negative G. It is to beawbthat in all the
profiles drawn we have taken G to be real so thatdpplied pressure gradient in OX-direction isitp@s or
negative according as the walls are heated or daplthe axial direction(i.e G>0 or G<O0).

From Fig.1 we notice that an increase in the iagparameter k reduces | .When the molecular buoyancy forces
dominates over the thermal buoyancy foted, enhances when the buoyancy forces act in the damtion while
it reduces when they are in opposite directions.

The effect of Hall Currents on u is exhibited igRi.We find that u experiences an enhancementingtiease in
the Hall parameter m with maximum at z=0.6.Alsoriineersal flow zone enhances marginally with m.

3009
Pelagia Research Library



P. Raveendra Nath et al Adv. Appl. Sci. Res., 2012, 3(5):3004-3019

The transverse velocity v is exhibited in Figsigl & for different variations of G k, N and m oFRr Fig.3 we find
that lesser the permeability of the porous mediumhigher the Lorentz force, smaller the magnitudevo
everywhere in the flow region. The effect of ratatiof the fluid on v exhibits an increasing tendength rotation
parameter k. When the molecular buoyancy force dates over the thermal buoyancy force, the secgndar
velocity enhances when the forces act in the sainecttbn and depreciates when they act in opposite
directions.Fig.4 shows that the magnitude of v echa with increase in the Hall parameter m with imax at
z=0.6.

The temperature distributidhis shown in Figs.5-7 for different values of Npk anda. The temperature is positive
or negative according as the actual temperatuyeeiter or less than the equilibrium temperature.

An increase in the rotation parameter k deprecidesemperature. When the molecular buoyancy fdoreinates
over the thermal buoyancy force the temperaturamecds in the lower half and reduces in the uppémiteen they
act in same direction while for the forces actingopposite directions the actual temperature reslute¢he lower
half and enhances in the upper half of the chakRigeb.

Fig.6 shows that An increase in the Hall paramet@nhances the actual temperature in the entiverégion.

The behaviour 06 with the heat source parameteshows that an increase indepreciates in the lower half and
enhances in the upper half while an increase>id enhances the actual temperature Fig.7.

The shear stress at the walls z = 0 and z = 1 have been evalumtedifferent values of G,M,N,m,Band k are
presented in Tables.1- 4.The component of stred®in-direction is positive in the heating casd aagative in the
cooling case An increase in G enhances the componén at both the walls. The variation of with D and M

shows that lesser the permeability or higher theehtz force, smaller the magnitude of stress corapt:n
(Tables.1and2).

The behavior of the stress components with thetiostgparameter k reveals thgtexperiences a reduction at the
walls When the molecular buoyancy force dominatesr dhe thermal buoyancy force, the stress comgsnen
enhance in magnitude when the buoyancy forcesnatkei same direction while for the forces actingpposite
directions they experience a depreciation (Tablean8 4).An increase in the Hall parameter m leadsan
enhancement in the magnitude of the stress compganen

The average Nusselt Number(Nu) which measuresateeaf heat transfer at the walls z = 0 and z a4 tbeen
exhibited in ( Tables. 5-10) for different paran®etralues. It is found that Nu at z = 0 and z =s hégative in both
heating and cooling cases. The rate of heat traasteoth the walls enhances with increase inAGjincrease in D
Y and M depreciates Nu (Tables 5 and 6 ). An ineréak depreciate Nu at both the walls. Also Nurdases with
increase in N >0 and enhances with |N| <0 ( TaGlesid 8) .

An increase i >0 enhances Nu at z=0 and reduces it at z =1 Alsversed effect is noticed in the case of a heat
sink(Tables. 9 and 10).

The Sherwood number(Sh)which measures the rateask rivansfer is presented in (Tables. 11-14) fifereéint
G,D"M,mk and N. We find that the Sherwood number eska with G at both the walls. Also lesser the
permeability of the porous medium or higher the dmiz force , smaller the magnitude of Sh at z =
0&z=1(Tables.11land 12).

An increase in the rotation parameter k depreci&tesat both the walls. When the molecular buoyaforge
dominates over the thermal buoyancy force, the ihagm of Sh increases when the forces act in theesdirection
and reduces when they act in opposite directioabl€s.13 and 14)

Table.l Shear Stress(ty ) at z=0P=0.71,k=0.5,N=1

G/t | Il 1L} I\ V Vi \l
10° 4.6063 | 3.3238| 2.736§ 43921  3.7964 4.6275  4.6B47
3x1C0 | 9.3116 | 6.7179] 5.5317 8.8784 7.6736 9.3546  9.3690
-10° -4.8043| -3.4645 -2.8519 -4.5804 -3.95B0 -4.8265.8339
-3x1C0° | -9.5096] -6.8587] -5.6468 -9.0647 -7.8351 -9.5%35.56%3
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Table.2 Shear Stress(T ) at z=1

G/t | Il 1] v \ VI \l
10° 4.8043 | 3.4645| 2.8519 45804 3.95T9 4.8265 4.8839
3x10° | 9.5096 | 6.8587| 5.6463 9.066/  7.83%1 9.5535 9.5683
-10° -4.6063| -3.3238 -2.7368 -4.3931 -3.7954 -4.6275.6347
-3x10° | -9.3116] -6.7180 -5.5312 -8.870 -7.67B6 -9.3546.36®9

I I M v Vv Vi Vil
D! | 5x1C¢ | 106° | 3x1C | 5x1C | 5x1C¢ | 5x1C¢ | 5x1C
M 2 2 2 5 10 2 2
m 05 | 05] 05 0.5 0.5 15 2.5

Table.3 Stress(ty ) at z=0

G/t | Il 1] I\ \% VI
10° 4.6063 | 4.6021| 4.5794 7.0811 0.8985  0.6025
3x10° | 9.3116 | 9.3030] 9.2571 14.2619 1.8861  0.9906
-10° -4.8043| -4.7999 -4.7761 -7.279p  -1.0915 -1.0125
-3x10° | -9.5096| -9.5008 -9.4539 -14.4599 -2.0841 -1.9616

Table4 Stress(t ) at z=1

G/t | Il 1] 1\ \% Vi
10° 4.8043 | 4.7999| 4.7761 7.2794 1.0916  0.9986
3x10 | 9.5096 | 9.5008] 9.4539 14.4599 2.0841  1.9802
-10° -4.6063| -4.6021] -4.5794 -7.081p -0.8935 -0.8246
-3x10° | -9.3116] -9.3030 -9.2571 -14.2619 -1.8861 -1.8012

| Il | 1v \ VI
K]105] 15| 25/ 05 0.5 05
N 1 1 1 2| -0.5] -0.8

Table.5 Nusselt Number(Nu ) at z=0P=0.71,k=0.5,N=1

G/ Nu | Il 1} [\ \ VI Vil
10° -1.4541| -1.0379 -0.884 -1.37791  -1.17p9 -1.4618.4644
3x10 | -4.2655| -2.5601 -1.933 -3.9494 -3.1248 -4.2971.3048
-10° -1.5396| -1.0825 -0.915 -1.4547 -1.23B7 -1.5481.5511

-3x1C0° | -4.4365] -2.6492] -1.994 -4.1048 -3.24D3  -4.4697 .48@09

RTIOT<TO

Table6 Nu at z=1

G/ Nu | Il 1} [\ \ \ii Vil
10° -0.4487| 0.0084| 0.1757 -0.3638 -0.14p7 -0.4572 6@B4
3x1C¢ | -3.3455| -1.5583 -0.9032 -3.0138 -2.14p4 -3.3788.38%9
1

5

-10° -0.3632| 0.0529| 0.2061 -0.286 -0.0849 -0.3709 7d&b3
-3x1C° | -3.1745] -1.4692] -0.8428 -2.859 -2.0332  -3.2062.2169

| 1l 1 v \Y VI VII
DT | 5x1¢ | 10° | 3x1C | 5x1CF | 5x1CF | 5x1F | 5x1CF
M 2 2 2 5 10 2 2
m 0.5 0.5 0.5 0.5 0.5 1.5 2.5

Table.7 Nu at z=0

G/ Nu | Il 11l \4 \Y )
10° -1.4541| -1.4522 -1.4421 -1.63p2  -1.5812
3x1C | -4.2655| -4.2577 -4.2159 -3.799 -4.97p2 -4.2721
4

B

-10° -1.5396| -1.5375 -1.526 -1.71p7  -1.4137
-3x10° | -4.4365| -4.4282 -4.384 -5.1411 -4.8727

Table.8 Nu at z=1

G/ Nu | Il 1] [\ \ \
10° -0.4487| -0.4466/ -0.4358 2 -0.6248 -0.6642
3x10 | -3.3455[ -3.3373 -3.2934 -2.8798 -4.05D2 -4.2542
-10° -0.3632| -0.3613 -0.3511 -0.2457 -0.53p3 -0.5895
-3x1C0° | -3.1745] -3.1667 -3.1251 8 -3.87p1 -4.1278
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| Il i1 1v \ VI
K|105] 15| 25| 05 0.5 05
N 1 1 1 2| -0.5] -0.8

Table9 Nu at z=0P=0.71,k=0.5,N=1

G/ Nu | Il 1l [\ \ VI
10° -1.4541| -1.9995 -2.5449 -0.3632 0.1823  0.7377
3x10 | -4.2655| -4.8109 -5.3564 -3.1745 -2.62p1 -2.0836
-10° -1.5396| -2.0851] -2.630% -0.4487 0.0968  0.6422
-3x1C0° | -4.4365| -4.9819 -5.5274 -3.3496 -2.80p1 -2.2544

Tablel0 Nuat z=1

G/ Nu | Il 1l v \ \
10° -0.4487| 0.0968| 0.6422 -1.5396 -2.0850 -2.6305
3x10° | -3.3455| -2.8001] -2.254# -4.4365 -4.98[9 -5.5274
1
5

-10° -0.3632| 0.1823| 0.7277] -1.454 -1.99p5 -2.5451
-3x10° | -3.1745] -2.6291] -2.0836 -4.265 -4.81p9  -5.3%64

Lppu (v |v (v
al|2| 4| 6| 2| -4 -6

Table.11 Sherwood Number (Sh) at z =0 P=0.71,k=0.5,N=1

G/sh | Il I [\ \ \ Vil
10° 1.1713| 0.6305 0.4306 1.0724 0.8112 1.1812 1.1845
3x10° | 4.6851| 2.5221] 1.7228 4.2895 3.2447 4.7246 4.7378
-10° 1.1712| 0.6305 0.430% 1.0742 0.7994 1.1811 1.1768
-3x10 | 4.6849] 2.5221] 1.722]1 42840 3.24B2 4.7244 4.6896

Table.12 Sherwood Number (Sh) at z=1

G/sh | Il I v \' \ \ill
10° -5.5029 -2.9751| -2.051 -5.0321L -3.8088 -5.5502 5661
3x10° | -21.4377] -11.6014 -8.003 -19.6088 -14.8476  -2156p -21.683
-10° -4.9299 -2.6761| -1.848 -4.5106 -3.4212 -4.9709 .9849
-3x1¢° | -20.2897| -11.0033 -7.597 -18.5634 -14.0423  -2ZB4f -20.5211

~ T NSO

I I M v Vv Vi Vil

D! | 5x1C¢ | 10° | 3x1C | 5x1C | 5x1C¢ | 5x1C¢ | 5x1C
M 2 2 2 5 10 2 2
m 05 | 05| 05 0.5 0.5 15 2.5

Table.13 Sherwood Number (Sh) at z=0

G/sh | Il 1 v \ \

10° 1.1713| 1.1689 1.156 2.1864 -0.6442  -0.5402
3x10 | 4.6852| 4.6757 4.626 8.7457 -2.5766  -2.3782
3
5

-10° 1.1712| 1.1686[ 1.156 2.186 -0.66441  -0.5812
-3x1C0° | 4.6849| 4.6589 4.626 8.745 -2.5766  -2.2782

OSTO T

Table.14 Sherwood Number (Sh) at z=1

G/Sh | Il 11 v \ \
10° -5.5029 -5.4911 -5.4278§ -9,585p 3.2842 2.8545
3x10° | -21.4377| -21.391d -21.146{L -37.1926 12.8499 17146
-10° -4.9289 -4.9185 -4.8626 -8.4371 2.9972 2.6446
-3x10° | -20.2897| -20.2465 -20.0156 -34.8965 12.2759 10.104

| Il | 1v \ VI
K]105] 15| 25| 05 0.5 05
N 1 1 1 2| -0.5] -0.8
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—a—ll

=

z

Fig.1 uwith K&N,G=10°M=2,m=05

o m v v v
K 05 10 15 05 05 05
N 1 1 1 2 -05 -08
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—

—a— |

—a—

—Xx—N

fale]
U. O

Fig.2 uwith m G=10°N=1k=05

I mm v
m 05 1.0 15 20

3014
Pelagia Research Library



P. Raveendra Nath et al Adv. Appl. Sci. Res., 2012, 3(5):3004-3019

o)
[Y)
®

——l

Fig.3 v with K&N, G=10>M=2m=0.5
I mn 1 v VvV Vi
K 05 10 15 05 05 05
N 1 1 1 2 -05 -0.8

3015
Pelagia Research Library



P. Raveendra Nath et al Adv. Appl. Sci. Res., 2012, 3(5):3004-3019

0.13 -
0.08 -
—— |
—=— |
—a— Il
‘ —>¢— NV
0.5 1

z

Fig4 vwith m G=10°N=1k=0.5
| I v
m 05 1.0 15 20

3016
Pelagia Research Library



P. Raveendra Nath et al Adv. Appl. Sci. Res., 2012, 3(5):3004-3019

—a—ll

Fig5 Owith K&N G=10°M=2,m=0.5

I mm v v Vi
K 05 10 15 05 05 05
N 1 1 1 2 -05 -0.8

3017
Pelagia Research Library



P. Raveendra Nath et al Adv. Appl. Sci. Res., 2012, 3(5):3004-3019

—a—ll

—+— Vi

Fig.6 @withm G=10°N=1k=0.5
I inm - v v ViVl

m 05 10 15 20 0505 05
N1 05 05 05 05 1.0 4.0 100

3018
Pelagia Research Library



P. Raveendra Nath et al Adv. Appl. Sci. Res., 2012, 3(5):3004-3019

——
—a—l
—a—ll
—>— IV
0.5 1
02
' z
Fig.7 O with a
| i1 v
a 2 4 -2 -4
REFERENCES

[1]Krishna,D.V,.PrasadaraoD.R.V,.RamachandraMurt$.AJ. Engg.Physics and Thermo.Physid2(0®)281-
291.

[2] Singh N.P,GuptaS.K., and Singh,Atul Kumar,:PM=t.Acad.Sci,India, 72001)149-157.
[3]SinghN.P,AjayKumar,YadavM.K.,andSinghAtulKumalnd.Theor.Phy.5@2002)

37-43.

[4] Alam M.M and Sattar M.A,: Joural of Energy h@ad mass transfer,Z2000)31-39.

[5] Akiyama M, and Chong, :Numerical Heat Trandfart A ,32(1997) 419-33.

[6] Ghaly A.Y., :Chaos Solitons and Fractals (2@02)13:1843-1850.

[7] ChamkhaA.J.,Issa.C, Khanfer.K,: Int. J .Thern&di.4X 2002)73-81.

[8] Yussyo EI-Dib,AY.,Ghaly,: Chaos Solitons andh&tals,18,Issue(@003) 55-68.

[9] Shohel Mahmud, Roydon Andrew Fraser,: Jouof&nergy 282003) 1557-1577.

[10] Abd EI — Naby M.A., Elsayed M.E.,: JournalAfplied mathematics, Z22003) 65-86.

[11]Chamkha A.J., Takhar H.S., and Soundalgekar.\.Mburnal of chemical Engineering @001) 335-342.
[12] Ganesan P,and Logantham P,: Internationain?dwf Heat and Mass Transfer , @802) 4281-4288.

3019
Pelagia Research Library



