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ABSTRACT

In this paper, Influence of heat transfer on MHD oscillatory flow of Jeffrey fluid in a channd is investigated. The
effects of various emerging parameters on the velocity field and temperature field are discussed in detail through

graphs.
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INTRODUCTION

The flow of an electrically conducting fluid hasportant applications in many branches of engingescience
such as magnetohydrodynamics (MHD) generatorsppalastudies, nuclear reactor, geothermal energyetidn,
electromagnetic propulsion, the boundary layer i the field of aerodynamics and so on. Heahdfer effect
on laminar flow between parallel plates under tbioa of transverse magnetic field was studied hygash and
Singh (1960). Soundalgekar and Bhat (1971) hawvestigated the MHD oscillatory flow of a Newtonitnid in a
channel with heat transfer. MHD flow of viscousidibetween two parallel plates with heat transfaswliscussed
by Attia, and Kotb (1996). Raptis et al. (1982) &analyzed the hydromagnetic free convection flomugh a
porous medium between two parallel plates. Aldosd.€1995) have studied mixed convection flownfra vertical
plate embedded in a porous medium in the presefice magnetic field. Makinde and Mhone (2005) have
considered heat transfer to MHD oscillatory flowarchannel filled with porous medium. Mostafa @pbave
studied thermal radiation effect on unsteady MHBefrconvection flow past a vertical plate with terapere
dependent viscosity. Unsteady heat transfer to Mid€)llatory flow through a porous medium undep siondition
was investigated by Hamza et al. (2011).

Moreover the non-Newtonian fluids are more appuprithan Newtonian fluids in many practical appi@ss.

Examples of such fluids include certain oils, lgharnts, mud, shampoo, ketchup, blood at low shear casmetic
products, polymers and many others. Unlike theouiscfluids, all the non-Newtonian fluids (in terrof their

diverse characteristics) cannot be described bnglesconstitutive relationship. Hence, several eisdf non-
Newtonian fluids are proposed in the literature KMatib andWilson (2001) have studied the Poisedlbw of a

yield stress fluid in a channel. Flow of a visdagtic fluid in a channel of slowly varying widthas studied by
Frigaard and Ryan (2004). Aamir Ali and Saleem Asg(R011) have analyzed by oscillatory channetflor non-

Newtonian fluid. Rita and Jyoti Das (2012) havwed#d the effect of heat transfer on MHD oscillgteiscoelastic
fluid flow in a channel through a porous medium.
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In view of these we studied the effect of heangfar on MHD oscillatory flow of a Jeffrey fluid ia channel. The
expressions are obtained for velocity and tempegagnalytically. The effects of various emerginggoaeters on
the velocity and temperature are discussed thrgugbhs in detail.

2. Mathematical For mulation

We consider the flow of a Jeffrey fluid in a chahokwidth h under the influence of electrically applied magmnet
field and radiative heat transfer as depicted qIFilt is assumed that the fluid has small eleatrtonductivity and

the electromagnetic force produced is very smakb. &oose the Cartesian coordinate sys(emy), where X- is
taken along center of the channel and yheaxis is taken normal to the flow direction.

y=h T=T,
y h — u
x= y=0 " T=T,
trtrtrrtt

B0

Fig. 1 Physical model of the problem

The constitute equation & for Jeffrey fluid is

Szlf/il(ywlzy) 2.1)

where [/is the dynamic viscosityA1 is the ratio of relaxation to retardation time’s‘,is the retardation timey/ is
the shear rate and dots over the quantities delifé¢eentiation with time.

The basic equations of momentum and energy gov@suoh a flow, subject to the Boussinesq approxémaare:
ou_ 0 0°u
__:a£+_£——7—aa@+pwﬂT—n) (2.2)
ot ox 1+A 0y

0T k0T 1 4dq
P~ T =z T~ (2.3)
ot c,0y° c,oy

The boundary conditions are given by

u=0, T=T, at y=0 (2.4)
u=0, T=T, at y=h (2.5)
where Uis the axial velocity, T is the fluid temperatureDis the pressureQis the fluid density, BO is the
magnetic field strengthg is the conductivity of the fluid,J is the acceleration due to gravit)@ is the

coefficient of volume expansion due to temperatlﬂg,is the specific heat at constant pressiteis the thermal

2313
Pelagia Research Library



K. Kavitaet al Adv. Appl. Sci. Res,, 2012, 3(4):2312-2325

conductivity and(] is the radiative heat flux. Following Cogley et @968), it is assumed that the fluid is optically
thin with a relatively low density and the radiatikieat flux is given by

— =4a*(T,-T) (2.6)

here @ is the mean radiation absorption coefficient.
Introducing the following non-dimensional variable

- X —_y - -T, - — 2B? T,-T,
X=§,y:X,u:£,9:T TO,t:E,p:E,MZZUhBo,Gr:pg:B(l o),
h h U T-T h HJ M Uu

hU 2142
Re:phu, :p Cp N2_40'h
H k k

hereU is the mean flow velocity, into the equations (218} (2.3), we get (after dropping bars)

du__dp, 1 du

Re—=—-— -M%u+Gré (2.7)
ot 0x 1+/l ay
2
pelT =97 1 N2 (2.8)
ot oy’

where Re is the Reynolds numbeiM is the Hartmann numbef3r is the Grashof numbefP€ is the Peclet
number andN is the radiation parameter.

The corresponding non-dimensional boundary conuitire

u=0, =0 at y=0 (2.9)
u=0, =1 at y=1 (2.10)
3. Solution

In order to solve equations (2.7) — (2.10) for puoscillatory flow, let

P _ g (3.1)

0x

u(y,t) =u,(y)e (3.2)
g(y.t)=6,(y)e“ (3.3)

where A is a real constant anéD is the frequency of the oscillation.

Substituting the equations (3.1) - (3.3) in to do@ations (2.7) — (2.10), we get
d’u,

Y —-miu, =-A(1+A,)-Gr(1+4,) 6, (3.4)
d2,
+mg, =0 35
oy m (3.5)
with the boundary conditions
u, =0, g,=0 at y=0 (3.6)
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u, =0, g,=1 at y=1 (3.7)
in which m =+ N? —icwPe andm, =VM? +iwRe.

Solving equations (3.4) and (3.5) using the boupdanditions (3.6) and (3.7), we obtain
sinhm,y + A+ g SINMY sinmy

u -Acoshmy+C——2= 3.8

o(¥) = MY+~ ginh m, sinm, 59
and  6,(y)= sinmy (3.9)

sinm
A(1+ A, 1+ A
WhereA—Q, B :M andC = (Acoshm, - A-B).
m; (mf +m?)
Therefore, the fluid velocity and temperature dvery as
smhmzy smmly

u(y,t)=| —Acos +C———==+A+B——= 3.10

(1) ( my sinhm, sinm, 310
and H(y,t):me““ (3.11)

sinm

RESULTS AND DISCUSSION

Fig. 2 shows the effect of material parametkron velocity U for Re=1, Gr =1, Pe=0.71, A =1,

w=1,t=0.5 N=1andM =1. Itis observed that, the axial velocity increases with increasinj. Also,
the maximum velocity occurs at the centerline & thannel while the minimum at the channel wallerédver,
the velocity is more of Jeffrey fluié/ll > O) than that of Newtonian fluic(/ll - O) .

Effect of Hartmann numbeM on velocityU for Re=1, Gr =1, Pe=0.71, A =1, w=1,t=0.5,
N =1 and A, = 0.3 is shown in Fig.3. It is found that, the axialagity U decreases with increasi .

Fig. 4 depicts the effect of radiation paramebdr on velocityu for Re=1, Gr =1, Pe=0.71, A =1,
w=1,t=0.5 M =1andA =0.3.Itis noted that, the axial velocity increases with an increase M .

Effect of Grashof numbefSr on velocity U for Re=1 M =1, Pe=0.71, A =1, w=1, t=0.5,
N =1 and A, = 0.3 is depicted in Fig.5. It is observed that, theabxelocity U increases with increasifgr .

Fig. 6 illustrates the effect of Reynolds numti®€ on velocityu for M =1, Gr =1, Pe=0.71, A =1,
w=1,t=0.5 N =1andA =0.3. Itis found that, the axial velocity decreases with decreasiRe.

Effect of A on velocity U for Re=1, Gr =1, Pe=0.71, M =1, w=1, t=0.5 N=1 and

A, =0.3isillustrated in Fig. 7. It is noted that, theéawvelocity U increases with an increase/n

Fig. 8 shows the effect ofv on velocity U for Re=1, Gr =1, Pe=0.71, A=1, M =1, t =0.5,
N =1 and /]l =0.3. Itis observed that, the axial velocity decreases with decreasiay
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From Table-1, it is found that the axial velocltyincreases with increasing'e.

Effect of N on temperature@ for Pe=0.71, w=1 andt =0.5 is shown in Fig.9. It is noted that, the
temperatured increases with an increase M .

Fig. 10 depicts the effect oPe on temperatured for N =1, w=1 andt =0.5. It is observed that, the
temperatured increases with increasinge.

Effect of @ on temperaturéd for N =1, Pe=0.71 andt = 0.5 is depicted in Fig. 11. It is found that, the
temperature@ decreases with an increased.

CONCLUSION

In this chapter, we studied the effect of heatdf@anon MHD oscillatory flow of Jeffrey fluid in ehannel. The
expressions for the velocity and temperature atailodd analytically. It is found that, the velocity increases with

increasingA,, N,Gr ,Peand A , while it decreases with increasifg , Re and @. Also, it is observed that the

temperatured increases with increasinfN and Pe, while it decreases with increasim@. Further, it is found
that, the velocity is more for Jeffrey fluid thdrat of Newtonian fluid.
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Fig.2 Effect of material parameter A, onvelocity U for Re= 1, Gr =1,

Pe=0.71, 1=1, w=1,t=0.5 N=1andM =1.
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Fig.3 Effect of Hartmann number M on velocity U for Re=1, Gr =1,
Pe=0.71, 1=1 w=1,t=05 N=1and A, =0.3.
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Fig. 4 Effect of radiation parameter N on velocity U for Re=1, Gr =1,
Pe=0.71, A=1 w=1,t=05 M =1land A =0.3.
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Fig.5 Effect of Grash of number Gr onveocity U for Re=1, M =1,

Pe=0.71,1=1, w=1,t=0.5 N=1and A, =0.3.
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Fig.6 Effect of Reynolds number Re onvelocity U for M =1, Gr =1,
Pe=0.71, A=1 w=1,t=0.5 N=1and A, =0.3.
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Fig. 7 Effect of A onvelocity U for Re=1, Gr =1, Pe=0.71, M
w=1,t=05 N=1and A, =0.3.
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Fig. 8 Effect of @ onvelocity U for Re=1, Gr =1, Pe=0.71, A =1,

M=1t=05 N=1and A =0.3.

Table-1: Thevariation of velocity U with Y for different valuesof Pewith Re=1, Gr =1,

M=11=1 w=1,t=05 N=1and A, =0.3

Pe=( Pe=0.! Pe=: Pe=:
0 0 0 0 0
0.1 | 0.0675| 0.0679 0.068P 0.0683
0.2 | 0.1227| 0.123§ 0.1241 0.1243
0.3 | 0.1648| 0.1660 0.166f 0.1670
0.4 | 0.192¢ | 0.194: | 0.195. | 0.195¢
0.E | 0.205¢ | 0.207( | 0.208( | 0.208¢
0.6 | 0.2020| 0.203§ 0.2044 0.2049
0.7 | 0.1810| 0.1827 0.1831 0.1835
0.8 | 0.1412| 0.1421 0.1427 0.1431
0.9 | 0.0813| 0.0814 0.082l 0.0824
1 0 0 0 0
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Fig.9 Effect of N ontemperature @ for Pe=0.71, w=1 and t =0.5.
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Fig. 10 Effect of Pe ontemperature @ for N =1, w=1 and t =0.5.
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Fig. 11 Effect of @ ontemperature & for N =1, Pe=0.71 and t =0.5.
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