International Journal of Mathematical Archive-3(6), 2012, 2240-2248
@IMA Available online through www.ijma.info ISSN 2229 -~ 5046

EFFECTS OF A MAGNETIC FIELD ON THE FREE CONVECTIVE FLOW
OF JEFFREY FLUID PAST AN INFINITE VERTICAL POROUS PLATE
WITH CONSTANT HEAT FLUX

B. Aruna Kumari ¥, K. Ramakrishna Prasad® and K. Kavitha®

®Department of Mathematics, Chadalawada Ramanamma Engineering College, Renigunta Road,
Tirupati-517 506, A.P, India

bDepartment of Mathematics, S V University, Tirupati-517 502, A.P, India

(Received on: 19-05-12; Accepted on: 31-05-12)

1. INTRODUCTION

The study of flow and heat transfer for an electrically conducting fluid past a porous plate under has attracted the
interest of many investigators in view of its applications in many engineering problems such as magnetohydrodyanmic
(MHD) generator, plasma studies, nuclear reactors, oil exploration, geothermal energy extractions and the boundary
layer control in the field of aerodynamics. The Jeffrey model is relatively simpler linear model using time derivatives
instead of convected derivatives, for example the Oldroyd-B model does, it represents a rheology different from the
Newtonian. Yamamoto and Yoshida (1974) have studied the flow of a viscous fluid past an infinite vertical porous
plate with convective acceleration. An exact solution for the flow of a non-Newtonian fluid past an infinite porous plate
was studied by Rajagopal and Gupta (1984). Ogulu and Amos (2005) have investigated the free convective flow of a
non-Newtonian fluid past a vertical porous plate.

The MHD boundary layer flow over a semi-infinite plate with an aligned magnetic field in the presence of a pressure
gradient was studied by Gribben (1965). Raptis and Kafousias (1982) have discussed the influence of a magnetic field
upon the steady free convection flow through a porous medium bounded by an infinite vertical plate with constant
suction velocity, and when the plate temperature is also constant. Effects of a magnetic field on the free convective
flow through a porous medium bounded by an infinite vertical porous plate with constant heat flux was investigated by
Raptis (1983). Raptis (1986) have studied mathematically the case of time-varying two-dimensional natural convective
heat transfer of an incompressible, electrically-conducting viscous fluid via a highly porous medium bounded by an
infinite vertical porous plate. Takhar and Ram (1991) have investigated the effects of Hall currents on hydromagnetic
free convection boundary layer flow through a porous medium past a plate, using harmonic analysis. Takhar and Ram
(1994) have studied the MHD free porous convection heat transfer of water at 4°C through a porous medium. Unsteady
MHD convection flow of a polar fluid past a vertical moving porous plate in a porous medium was investigated by Kim
(2001). Kim and Lee (2003) have discussed the MHD oscillatory flow of a micropolar fluid over a vertical porous
plate. Heat and mass transfer in MHD micropolar flow over a vertical moving porous plate in a porous medium was
studied by Kim (2004). Mohamed and Abo-Dahab (2009) have investigated the influence of chemical reaction and
thermal radiation on the heat and mass transfer in MHD micropolar fluid flow over a vertical moving porous plate in a
porous medium with heat generation.

In view of these, we studied the effects of a magnetic field on the free convective flow of Jeffrey fluid past an infinite
vertical porous plate with constant heat flux. A perturbation series solution was used to obtain velocity field and

temperature field for small values of Eckert number EC. The effects of various emerging parameter on the velocity
field and temperature field are discussed in detail through graphs.

2. MATHEMATICAL FORMULATION

For a Jeffrey fluid, the constitutive equation for the extra stress tensor S is given by

=TT [7+A4,7] 2.1)
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where /11 is the ratio of relaxation to retardation times, lz is the retardation time, £¢is the viscosity function, ¥ is the
shear rate and dots over the quantities indicate differentiation with respect to time.
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Fig. 1 Physical model
We consider the steady laminar two — dimensional convection flow of an incompressible Jeffrey fluid through a porous
medium over a semi-infinite vertical porous moving plate in the presence of a magnetic field. It is assumed that the
transversely applied magnetic field and magnetic Reynolds number are very small and hence the induced magnetic
field is negligible when comparing with applied magnetic field. The X-axis is taken along the planar surface in the
upward direction and the 'Y -axis is taken to be normal to it. Due to the semi-infinite plane surface assumption, the flow
variables are functions of Y only. Fig. 1 shows the physical model of the problem.

Under these assumptions the equations which govern the flow are given by

%:o (2.2)
2 2
va—uzgﬂ(T—Tw)+ v 83—GBOU (2.3)
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where U,V are the dimensional velocities along the X and Y, respectively. o is the density, V is the kinematic
viscosity, { is the acceleration due to gravity, o is the electrical conductivity of the fluid, Bo is the magnetic field
strength, T is the temperature, Cp is the specific heat constant and K is the thermal conductivity.

The boundary conditions are

u=20, 8—T=—ﬂ at

oy K

u—0, T->T, as y — o0

y=0 (2.5)

(2.6)
where ( is the constant heat flux per unit area at the plate and TOO is the free stream temperature.

Integrating Eq. (2.2) for constant suction, we get

V=-v, @.7)

where V, > O is the constant suction velocity at the plate and the negative sign indicates that the suction velocity is
directed towards the plate.
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Introducing the following non-dimensional quantities

_ — 148 3
y:ﬂiu:iig T-T, kv,, _P P Ec= kv, ,
14 v, qv k qve,
2 2
GI’— gﬂ‘:q’ MZZGVBZO
kv PVo
into the Equations (2.3) and (2.4) and using Eq. (2.7), we obtain (dropping bars)
2
! 8—2 a—U—M u=-Gro (2.8)
1+4,0y° 0y
? 2
¥+Pr%=—Pr Ec[a—uj (2.9)
The corresponding non-dimensional boundary conditions are
u=0, %:—1 at y=0 (2.10)
oy
u—0, -0 as y —> (2.11)
3. SOLUTION

Since the Eq. (2.9) is a non-linear differential equation, it is not possible to get closed form solution. But, EC is small
for incompressible fluids, so we expand the velocity field and temperature field as

u=u, + Ecu, + O( Ec?) 3.1
0 =0, + Ec6, + O(Ec’) (32)

Substituting Equations (3.1) and (3.2) into the Equations (2.8) — (2.11), we get

3.1 Zeroth order system (ECO)

2
1 1/11%}/ aay M 2 u, = —-Gré, (3.3)
+
2
ag P@:O (3.4)
oy

The corresponding non-dimensional boundary conditions are

u, =0, %z—l at y=0 (3.5)
oy
u, =0, 0,—0 as y —> o (3.6)

3.2 First order system ( EC)

2
: 1@ zy“ %y M 2u, = ~Gré, (3.7)
+
2 2
aaye Pr%_—Pr(%j (3.8)
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The corresponding non-dimensional boundary conditions are

u, =0, %:O at y=0 (3.9)
oy

u, -0, 6, —0 as y —> o0 (3.10)

3.3 Solution of order zero

Solving the Equations (3.3) and (3.4) using the boundary conditions (3.5) and (3.6), we get

_Gr (M A) e my ey
o= [e™ —e "] (3.11)
1
0. — — e PV 3.12
o= by (3.12)
1+ 4, +-/(1+ )" +4N?
where M, = A J( A) FN=(IFAJM? and A=Pr’—(1+ 4, )Pr-N
2 v
3.4 Solution of order One
Solving the Equations (3.7) and (3.8) using the Eq. (3.11) and boundary conditions (3.9) and (3.10), we obtain
- Gr —Pr —2Pr -2m, —(my+Pr
U, =ce ”‘ly+ﬁ%e P y+GrA4[Ble 2Py 4 Be?™ —Bel P”] (3.13)
6, = —%e"” ~A, [Ale*2Pry + A — Age’(ml*”)y] (3.14)
r
m, 2Pr 1 Gr(1+/11)
here =— =—1 = — U
where A AZ 4m, —2Pr’ A m, + Pr A= Pr{ A
= —2PrA -2mA +(m +Pr , B, = A ,
A= A[-2PrA -amA, +(m+Pr)A ], B, 4Pr—2(1+ 4)Pr- N
_ A, 5 _ A

%2 = am; —2(1+ A)m —N*" 7 (m +Pr)’ —(1+ 4 )(m, +Pr)—N?

and C, =—EE—GI’A4[81+ B, - B3].

The final expressions of the velocity field and temperature field are given by

Gr A;', —Pr
—my .5 y
:ﬂ(l"'ﬂl)[e_mly_e—Pl’y]_i_EC Ce o Pr Ae

Pr A +GrA, [Ble‘”’ry +B,e ™™ — B3e*(m1*Pr)y} (3.15)
1 - A5 - - —(m+Pr

0=—e" +Ec|- Pry _ e L Ae g (m+Pr)y 3.16
Pr ( Pr [Al AT A ] 19

4. DISCUSSION OF THE RESULTS

Fig. 2 shows the effect of material parameter A4, on the velocity U for M =1, Gr=1, Pr=0.71 and
Ec =0.01. 1t is observed that, the velocity U increases with increasing A, .
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The effect of Hartmann number M on the velocity U for 4, =0.3, Gr =1, Pr=0.71andEc =0.01 is

shown in Fig. 3. It is found that, the velocity U decreases with an increase in M .

Fig. 4 depicts the effect of Prandtl number Pr on the velocity U for M =1, Gr =1, 4, =0.3and Ec =0.01. It

is noted that, the velocity U decreases on increasing Pr .

The effect of Grashof number Gr on the velocity U for M =1, 4 =0.3, Pr=0.71andEc =0.01 is

depicted in Fig. 5. It is observed that, the velocity U increases with an increase in Gr .

Fig. 6 illustrates the effect of Eckert number EC on the velocity U for M =1, Gr =1, Pr=0.71and 4, =0.3.

It is found that, the velocity U increases on increasing EC .

The effect of material parameter A, on the temperature € for M =1, Gr =1, Pr=0.71 and Ec=0.01 is

shown in Fig. 7. It is noted that, the temperature @ increases with increasingﬂl.

Fig. 8 shows the effect of Hartmann number M on the temperature & for 4, =0.3, Gr =1, Pr=0.71 and
Ec = 0.01. It is observed that, the temperature € decreases with increasing M .

The effect of Prandtl number Pr on the temperature € for M =1, Gr =1, 4, =0.3 and Ec=0.01 is

presented in Fig. 9. It is noted that, the temperature & decreases on increasing Pr .

Fig. 10 depicts the effect of Grashof number Gr on the temperature & for M =1, A4 =0.3, Pr=0.71 and
Ec = 0.01. 1t is found that, the temperature @ increases with increasing Gr .

The effect of Eckert number EC on the temperature & for M =1, Gr =1, Pr=0.71 and Ec=0.01 is
depicted in Fig. 11. It is observed that, the temperature € increases with an increase in EC.

5. CONCLUSIONS

In this chapter, we studied the effects of a magnetic field on the free convective flow of Jeffrey fluid past an infinite
vertical porous plate with constant heat flux. The governing non-linear equations are solved for the velocity field and

temperature field using the perturbation technique. It is observed that, the velocity field U and temperature field & are
increases with increasing A,, Gr and EC, while they decreases with increasing M and Pr .

0.45

r

A =09.06.03.0
L

LAY
PN
Tt

Pt

0.4

e L.

0.3

0.2

= ".""""":"-H!‘.'Ea-_"!;;l'_—u—

0.1

Fig. 2 Effect of material parameter 4; on the velocity w for M =1 Gr =1
Pr=0.71 and Ec =0.01.
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Fig. 3 Effect of Hartmann number Af on the velocity
Pr=0.71 and Ec=0.01.

3.5

Fig. 4 Effect of Prandfl number Pr on the velocity
Ay =03 and Ec=0.01.
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Fig. 5 Effect of Grashof number /4, on the velocity u for M =14, =03,
Pr=0.71 and Ec=0.01.
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Fig. 6 Effect of Eckert number Ec on the velocity o for M =1.Gr =1,
Pr=071and 4 =03.

Fig. 7 Effect of material parameter .4, on the temperature & for A =1.Gr =10,

Pr=0.71 and Ec=0.01.
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Fig. 8 Effect of Hartmann number M on the temperature & for 4, =0.3.Gr =10,

Pr=0.71 and Ec =0.01.
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Fig. 9 Effect of Prandtl number Pr on the temperature & for 4 =03.Gr=1
M =1and Ec=0.01.
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Fig. 10 Effect of Grashof number G on the temperature ¢ for 4 =03 M =1
Pr=0.71 and Ec =0.01.
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Fig. 11 Effect of Eckert number Ec¢ on the temperature & for 4, =0.3.Gr =10,
Pr=071and M =1.
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