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Abstract — Hall effect on oscillatory hydromagnetic free
convective flow of a visco-elastic conducting fluidpast an
infinite vertical porous plate in the presence of wsipation
has been analysed. The problem is formulated withhe
development of constitutive equations of the flow rad the
solutions are obtained by applying small parameteregular
perturbation technique. The velocity and temperatue
profiles are plotted. Numerical values of shear seisses and
the rate of heat transfer are entered in the tabke It is
observed that the speed of flow is minimum for Newinian
flow and increases for non-Newtonian flow. The redting
temperature is fluctuating. Similar nature is noticed in case
of primary and secondary velocity. Increase in non-
Newtonian parameter (R.) and external magnetic field
strength(M) reduce the shear stresses.

Keywords — Hall effect, Unsteady, Hydromagnetic, Free
convective flow, Visco-elastic, Conducting fluid, Brous plate,
Dissipation.

|. INTRODUCTION
Magneto

hydrodynamic ~ (MHD)unsteady

on the flow field. In the MHD flow, the Hall effecbtates
the current vector away from the direction of theceic
field and generally reduces the effect of the fdatwg the
magnetic field exerts on the flow. All the worksmtiened
above are based upon the studies of Hall currémttefon
MHD free convective viscous flow without heat sasc
mass transport and Dissipation etc. Biswal and Hmad
(2002) have studied the Hall effects on oscillatory
hydromagtic free convective flow past an infinitrtical
porous flat plate with mass transfer. Muduli, Biswad
Jena (2000) have analysed the Hall effects onlatmy
MHD free convective flow past an infinite vertiqabrous
flat plate with mass transfer and internal heategatng
sources/heat absorbing sinks. Inboth these payisceus
conducting fluids have been taken into account, Bwé
Hall current effects on the unsteady MHD visco-étas
flow has wide applications in the problems of MHBwer
generation and the Hall accelerators as with thee cd
Newtonian fluid. Consequently, recent studies oe th
MHD unsteady visco-elastic flow with the Hall cunte

freehave attracted many research schloars to investigat

convective flow of both viscous and visco elasti¥arious such problems with different physical siors.

conducting fluids have a wide range of applicagach as
relevancy in a global general circulation with cectvon
in equatorial zones. Further, the study of effexdtdall

currents on fluid flow and heat transfer has a dét

Dash and Ojha (1889) have analysed the hydromagneti
flow and heat transfer of an elastic-viscous floier a
porous plate in the slip flow regime. Biswal andt&@aik
(1999) have studied the Hall effect on oscillatory

application in cooling of nuclear reactor. MHD pawe hydromagnetic free convective flow of a visco-dtagtid

generation and in several astrophysical situations.

past an infinite vertical porous flat plate. Thegva not

The problem of steady and unsteady free convectidfken into account the viscous and Joulean dissipat

flow along a vertical plate in the presence of apliad
transverse magnetic filed is of general intefesn the
view point of many applications, such as, in spfigat
and nuclear fusion research. The literature iseteplvith

the heat transfer. Our aim here is to investigdte t
problem of Hall current effects on oscillatory
hydromagnetic free convective flow of a visco-alast
conducting fluid past an infinite vertical poroukatp in

many examples of those studies. A few of them hee tthe presence of both viscous, visco-elastic ditisipa

works of Gupta (1960), Singh and Singh (1983), kéish
and Mahapatra (1975), Sahoo, Data and Biswal (2003)

[l. F ORMULATION OF THE PROBLEM

Hossain (1986) and Hossain and Mohammed (1988). Hal

effects on hydromagnetic free convection flow alamg

porous flat plate with mass transfer has been aedlpy

The vertical porous flat plate is considered to be
perpendicular to the plane of this paper. The )&asi

Hossain and Rashid (1987). Hall effect on oscitlato chosen along the vertical plate while the Y-axisasmal
hydromagnetic free convective flow past an infinitdo it. The Z-axis lies on the plate, perpendicttaboth X
vertical porous flat plate has been investigated k§nd Y axis.

Mohapatra and Tripathy (1988).

Under such a physical situation, we write the eqoat

When the external transverse magnetic field strerggt of continuity as

very strong, one can not neglect the effect of datrent
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(2.2)
Which vyields V=V, (constant), ¥>0, where v is the

T, is the temperature of the fluid far from the plate,

T is the temperature of the fluid,
The viscous and Joulean dissipation have been taken

fluid velocity along y-axis. Since the eIectricaIIyi”tO account here since viscous dissipation ocourthe

conducting fluid taken here for consideration isumsed

free convection flow of a visco-elastic fluid andulkan

to be incompressible and an external uniform trersy dissipation comes into play in the flow of a conthg

magnetic field is applied to it, we write

div H=0 and div J =0, (2.2)

Which impliesa;‘—yy =0 and%yzo, respectively.

Neglecting the polarization effect and the inducedG,

magnetic field, we have
E=0, H=H,=0 and K=Const. = i

Hence

\J = (JX ’O’ JZ)
I:I = (01 Ho’o)
\7 = (u,~V,, W)

As the effect of Hall current is taken into the pew of

discussion , the Ohm'’s law is modified and is repreed
as

3+ 3xBJ=d Ev B 2 e )

Where, @, is the cyclotron frequency,l is the

(2.3)

(2.4)

electron collision timeg is the electrical conductivity of
the fluid, e is the charge of an electrd, is the number

density of electronsP, electron pressurel3, (: ,LIOHO)

is the magnetic inductionj is the current density by
magnetic field. Egns. (2.3) and (2.4) yield

Jo =2 (mu-w), J, =2 (u-mw), (25)

Wherem= @7 is the Hall parameter.

The equations of motion and energy along with eéqoat
(2.5) yield egn. of motion along X-axis.
oB2 (u+mw)

du _\/ du — 3% _ Ko 2% _
ot Vo ay Vay2 P oyt pli+m? +9/50
(2.6)
And egn. of motion along Z-axis as:
ow _\/ a_w:Vazw_ﬁ 3w oB (mu-w)
ot 0 oy ay? P ay?ot plirm?)
(2.7)

Eqn. of energy with viscous and Joulean dissipason

0 — K 9% 4 v (6u)2 aBg 12 _ KoVo (ae)(azu) 2.8
96 = K 064 v [ufF4 Zo¥o (96 )} 0%u .
o Van o, Oy &y \oy pcpu ACp \oy Noy? ( )

Where,
Lis the co-efficient of volume expansion,

Vis the kinematic viscosity,
K is that thermal conductivity,

6(y.t)=T(yt)-T,

98 _

fluid.

Introducing the following non-dimensional paramster

oW =Vt zu o w=w g =
== U= v U _VO’W_VO’H T a
, (Wherea is to be defined later)
_ 4gpva " _ 4Bio ' _ VPC, " VK L KVE
= M e R Ex 'E_mzcé'R°_ i
(2.9)

in the egns. (2.6) to (2.8), we obtain (dropping dashes.)
M-4l =42 -R e — Mo (mw+u)+ GO

ancet  1+m?
(2.10)
w_fow=pgotw_R 0wy M_ (- )
at an an? anet  1+m?
(2.11)
00420 = 1.2 y pE(wf 4+ oo MEU? - REP, ()
ot n P a2 r an r r\on

)

Where R_is the non-Newtonian elastic parameter.

(2.12)

M s the Hartmann number,
m is the Hall parameter,

P, is the Prandtinumber,
Eis the Eckert number,

G is the Grashof number,
& is the porosity of the porous medium.

Egns. (2.10)-(2.12) are subjected to the boundary
condition, at any time

u=w=0 gt y=0
u=w=0 at y=— o
6=ad" a y=0
=0

(2.13)
at y » o

[I. M ETHOD OF SOLUTION

Taking/ =u+iw
(3.1
and combining eqgns. (2.10) and (2.11) we obtain
W M_(1-im)y +G@

C apn2t  1+m?

(3.2)

Ay _ g0y — g% _
i

=42
Introducing the non-dimensional parame@:%“’,

0
the frequency parameter, and

Using egns. (2.9) and (3.1) the boundary condition

(2.13) are transformed to
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Substitutingﬁ in egn. (3.7), we have

(3.3) Sy Py _ %o _ i
3 ey =40 R (g +
[ 22 } 3.13
Using small parameter regular perturbation techamiqu Gég ‘i{fpr iR+ R )17 ( )

we can solve equations (2.12) and (2.15). Let ke the
Ecket number (E) as the perturbation parametem,Tlve Taking ¢/, = eUF (17)

can write In the above eqn. (3.13), we obtain

v =vorEY, Fo (7)+ RFo(7) - RFo(7) = RRy(n) (3.19)

g =6, + EG, (3.4) . [|Q+W 1—|m}
u=u,+ Eu,and Where, B == |QRC,P = TR
w = w, + Ew, And P, =255+

Neglecting the terms containing higher powers ¢&E The modified boundary conditions are
2) as these terms contribute very little to theueal of {/ n=0y,=0,F, (0) =0 }

and@ .Substituting (3.4) in the e(guationf (2.12) an@)(3. n=ocoy._ =0 FO(OO)IO
and equating the co-efficient of |and E in each case,

| (3.15)
\nge obtg/ln a w o . Then, the solution of eqn. (3.14) is
BID -4 6170 = 4 > RC arzzgt B 1+’\:12 (1_ Im)ﬂo + GHO (3.5) Fo(’?) = _P7e_P5I7 + F>7e_P4I7 ! (3'16)
";1—4%_4‘;%—& i (1-imly, +GE,  (3.6)
n on ot 1+m

Where P, :%{ePr +,/i€QP +52Pr2}

% — 4"90:i‘;—9§ (3.7)

& —_ 2
and Y PS_%(F?L_ B _4P2)
SR N R o
(azu) P, =PP? - PPP, - PP,
an? (3.8) Hence ‘//o( ) U (,7)
With the boundary conditions, gl RO Py
W, (0t) = 04p,(01) = Ou, (0Of )= O (-Pe™Pe™) @17)
Wo(o0,t) =044, (0 ) = 0, As ‘//o( ) ( )+|Wo(’7)
g,(04) =€ 6,(0f) = 0, We haveu,(7) = cosQt(-Pe™¥ +Pe™ ) (3.18)

(3.9) andw,(7) =sinQt(- Pe™ + Pe™), (3.19)
Substituting (3 18) in the equn. (3.8), we have

Uy (#0,t) = Uy (em,t) = Oy (w0 £) = w0 1) = O 4G oo o (3.20)
Taking 8, =€ f, (17) eqgn. (3.7) can be transformed[%eizpw R 4Pt 5)”}

to Taking 6, =€ fl(/7)

%_4% —i0e fo(”)_4ei9t fd(’?):e% 'Q'ff ) Equation (?.20) takes t‘he form.

o2 £ (7)+4t; (n)-i0f,(7) =0 t(n)+eP £,.(n)-FieR.Qfy,)

or 17 (7)+ €8, 13(n)- 16 %0, (1) = 0 ieReas(or)e e +Re™ R | (3.21)

(3.10) With the modified boundary conditions

The modified boundary conditions become n=06=0=> fl(/7) =0

folr)=Lat =0 } N=e,6,=0= fl(/7)=0} o

fo(’7) =latn - o Solving equn. (3.21) , we obtain

_ -iot 2 Pg (e’P“” -e 2P )
(3.11) f(7)=1eP.e ' cos Qt[w_zwrpf%iwrg +

Then, the solution of eqn. (3.10) is
f (,7) ez{eP +\/m}l7 Pg(e’P“"—e’z%") a Iﬁo{e’P“”—e’(P“*pﬁ)"}
0

: - 3.22
(3.12) 4RS ~26RP, ~ieR, (P4+P5)2‘233(P4+P5)—}1|e13,9i|( )

Copyright © 2016 IJEIR, All right reserved
371




International Journal of Engineering Innovation & R esearch
Volume 5, Issue 6, ISSN: 2277 — 5668

6, (17) =sinQte™™" + P, (e‘PA” _ e—zpﬁ)

P _ a2P
91 = %é’Pr COS2 Qt + F;i(e € 1 ) + + on(e_P4’7 - e‘2P5’7)_ P21e'P4/7 (1_ e‘P5/7) (331)
AP? —26PP, -~ i£QP Shearing Stress:
4
— du

plem-c2) g fen_elmen) 1= 3]0 +R 2y 7o (3.32)
4R ~26RP, il (P4+P5)2_25Pr(P4+P5)_711i5PrQ (3.23)

With the help of egn. (3.28), the equation (3.3dked andlz = 0,7,7 0 Raq =0 (3.33)
taking ot Substituting the values af andw in (3.32) and 3.33)
W, = Fl(’7 ) respectively, we have

Thus F(7) = (Rg + By + Py = s Je ™ + Re™

P _p e _p AR (3 7, =cost[RP,(1-RR)-ER(Rs + R, + Ry~ Ry)

Thus
) =co(r sy e v mgee 0 RE ) TRPTERAL-REA)
~B,e”Y — PP | (3.25) +2PR.E(1-2RP,)+2PR.E(1- 2RR)
And W, (’7) =Sith|:( Ple + P17+ P18_ Pls) eV + P@_Pw - Plg—zpw
- R,e - e R ] (3.26) + i(Pél +R)RE(L-(R+R)RI. (339
An

Obtaining U,,U;, Wyand w,, we find u(q)and r,= Sith[P P (1_ RP)_ EP(HG +P,+R, - Fis)

et 1-RP, )-P(R+ERJ1-RP)
= +

- gtfp (E” - ) +2PRE(1-2RP,)+ 2RR,E(L-2RR)
e ° +2R +RIREL-(R+RIRI].  ©39)
+ E[Plse “ +(Pg+ Py + Py~ Ps)e™ Rate of heat transfer:
_|:1)6e-2%f7_|:1)7e—2%/7_|;1)g(23+%)/7” (3.27) The rate of heat transfer is given by
wln)= () + Evs(r) N
- sinculp ™ ™) SRl R+ Byt PPy -20,), G0

Separating real and imaginary parts, we have

_p4 — ‘Pe
+E[Ree™ +(R, + B, + Ry~ Re)e™ (Nu), = Ry(cosat - Ry + Byo) + R(P, ~ 2P) (3.37)

— P]_Ge_zpw — Pl7e'2P5’7 — F?Lse'(zp4+P5)’7J.| and
(3.28) (Nu), = P,(sinQt - By + Byy) + (P, ~ 2R,) (3.38)
Likewise, 9(/7) = 6’0(/7) + Eé’l(ﬂ) Where the constants involved are
— eiQt[f (,7)+ Ef1(’7)] F?g = PrP72(F312 +&M + R:P43),
= g P 4 P]_g(e_P4l7 _e—2P4/7) P = PPZ(PZ +eM + RPS)
P, =PP?(2P,R, +2:M + RP?R, + RP,P?),
+Po(e™ -2 )~ peP(1- e ) P, =-1iQ
7132,
—Pa7
= (cosQt +isinQt)e p, = ( PP s cosZQt)x - |
4P7 —26P P +eP, Py,
P.le Pan7 2P, P Pl _ 2P P
+ 19(1/7(1 e )+ ( -€ ) (3.29) P;= ( P,Pee U cod Qt) 4P52_2£Pr9P4+£Pr o
- e _e i 10
Henzée P14 = (_ % PSREE *cos’ Qt)x (P2+R2 )—ZéPrP(PA+P5 J+eP P,
6.(7) = cosQte™ + P,y(e™™ — &) P = PutPsthy — P
+ on(e -e 2P5’7) P.e ™ (1 e P5’7) (230 15 PP =PiP+P, » 16 4PZ-PP+P, -
and
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T 4PZ-2PR+PR,
Py
(Py+Ps)* =P (P +Ps )+ P,

= (e, b, =(ees o, =[-een

Re =

[ll. R ESULT AND DISCUSSION

Hall effect on oscillatory hydromagnetic free coatiee

flow of a visco-elastic (WaltersB liquid) conducting
fluid past an infinite vertical porous plate in theesence
of dissipation has been studied with the help apbs and
tables. The velocity and temperature profiles hbgen
shown by graphs and the skin-friction and rate eéth
transfer have been presented by tables. The efféflsid

parameters like the non-Newtonian paramet&y

magnetic parameteévl, Hall parametem, Grashof number
G, Prandtl numberP, and Eckert numbeE on the
velocity and temperature field have been unveilEde

entered in the tables illustrate the effects B M,m, P,
andE on the shear-stresses and the rate of heat transfe
Fig. 1 shows the effects oR G, M and m on the

primary velocityU keeping other parameters like, , E,
& andq fixed. It is observed that the increase iR,

increases the speed of flow. Same effect is markedse
of Grashof numbe®. Rise in Hall parametandecelerates
the flows. The rise in Hartmann numbkt reduces the
speed of flow further. In each case, the speedbuf first

rises and then falls with the distance from theepld@he

speed of flow is minimum for Newtonian flowR; = 0.0)

and increases for non-Newtonian flow (curves 11 Idhd
The profiles of secondary velocityV have been
exhibited in Fig.2 which contains curves drawn bemé/

and p varying the values of fluid parametel%;yG, M

and m. The natures of the curves are similar to those of

primary velocity. Generally, the speed of flow firsses,
attains peak value and then falls with the riselisfance
from the plate. The strength of the external trense

numerical values of shear-stress and Nusselt numbeagnetic field reduces the speed of non-Newtoniew f
maximum.

o -
o 2 a ] 8

Fig. 1. Profile of primary velocity for P,=1.0, & =0.05, E=0.001¢) =1.0,Qt=77/6

Copyright © 2016 1JEIR, All right reserved
373



International Journal of Engineering Innovation & R esearch
Volume 5, Issue 6, ISSN: 2277 — 5668

Qo =

o 2 L] [ -1 B 10 12 14 16 ia 20
n—"

Fig. 2. Profiles of Secondary Velocity for P, =1.0, & =0.05, E=0.00162 =1.0, Q t= 77/6

Figure 3 explains the characteristics of transienhroughout with the distance from the plate. Rexdss
temperature with the variation of Prandtl numberitiis gleaned form curves Il and V drawn f8=0.71 (air) and
observed that the transient temperature is fluctgaThe P,=7.0 (water). The amplitude of fluctuating tempearat
amplitude of oscillatory temperature first decrsasad is the minimum in case of water (curve V).
then rises folP,=0.025, 1.0, 2.3, maintaining the sequence

ig

WAV

L

.

Fig. 3. Transient temperature profile for M=2.0, n5 =0.05, E=0.002, G=5.002 t= /6

The effects of angular velocit)Q on the transient of £ decreases the amplitude as well as reverses its
temperatured have been presented in the Fig.4. it igature its nature. Generally, the amplitude fallthvthe

observed that the increase §2 reduces the amplitude of dlstance(q)from the plate.

transient temperature (curves | and Il)while thghhvalue
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Fig. 4. Transient Temperature profile f& =0.05, & =0.05, E=0.002, G=5.6) t= m/2,P=1.0.

Shear StressesThe values of the shear stressgand been presented in the table 1 for different vabfeR: M

T, due to primary and secondary velocity of flow havé?lnd E.

Table 1. Values of the shear stresggand 7, for B=1.0, m=1.0, G=5¢£ =0.05 and t= /6

RC E I I

M 0.001 0.00: 0.001 0.00:
0.0cC 2.C -0.04755: -0.04755: -0.02746 -0.02746
0.0t 2.C -0.09717: -0.09717: -0.05613: -0.05613:
0.1cC 2.C -0.14722: -0.14722: -0.08503! -0.08503!
0.1cC 4.C -0.15051! -0.15051! -0.08693! -0.08593!
0.1cC 6.C -0.15339i -0.15339i -0.08860:! 0.08860:!

It is noticed that the increase in the elastic peter various values of Prandtl numbBy . Hall parametem,
(R) decreases the shear stressgand 7, . The increase Hartmann numbeiM and Eckert numbeE have been
in Hartmann number M) further reduces the shearéntered in table 2 . It is observed that the msthe values
stresses. But the Eckert numbE) produces no effect on ©f P;v'enhan((j:es the rate;foftheat trZsterihThe ;’a”?m:" It
the valuesr and 7. . ansM  produces no effect oNu. Also the rate of hea
Rate ofsrﬁeat trTaZnsfer radiation does not vary with the Eckert number. The

negative values dflu implies that there is loss of heat due
The rate heat transfer is characterized by the élluss, ?adiation P

number Nu). The values of the Nusselt number for

Table 2. Values of the Nusselt number f8r=0.05, G=5, £ =0.05 and{2 t=77/2

P, mE Nu
M 0.001 0.00:
0.02¢ 0.t 2.C -200.000! -200.000!I
0.71( 0.t 2.C -704227. -704227.
1.00c¢ 0.t 2.C -5.00003: -5.00003:
7.00( 0.t 2.C -0.71450 -0.71450
7.00( 1.C 2.C -0.71450 -0.71450
7.00( 1.C 4.C -0.71450 -0.71450
7.00( 1.t 6.C -0.71450 -0.71450

Copyright © 2016 1JEIR, All right reserved
375



International Journal of Engineering Innovation & R esearch

Volume 5, Issue 6, ISSN: 2277 — 5668

CONCLUSIONS [10]

Following conclusions are drawn from the above
investigation.
1) The speed of flow (both primary and secondary) ig 1]
minimum for Newtonian flow R = 0.0) and

increases for non-Newtonian flovR( # 0.0).

2) The transient temperature is fluctuating.

3) The amplitude of transient temperature first desesa
and then rises for,£0.025, 1.0 and 2.3.

4) Reverse effect is marked in case of the transient
temperature for Newtonian fluids like air £P0.71)
and water (P=7.0)

5) The increase in the angular velocity)(reduces the
amplitude of the transient temperat(#g .

6) It is interesting to note that the high value oé th
angular velocity reduces the amplitude & as well
as reverses its nature.

7) The increase in the elastic paramet®&; )( decreases
the shear stresseg, and r, developed due to
primary and secondary flow.

8) The increase in external magnetic field strength
decreases the valuesgf and7, further.

9) The rise in the values of the Prandtl number entsance
the rate of heat radiation.

10) The negative values of the Nusselt number show that
there is loss of heat due to radiation.

[12]
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