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Abstract
The natural convection flow of a conducting visco-elastic liquid between two heated vertical plates
under the influence of a  transverse magnetic field has been studied in this paper. Dimensionless
equations of the problem have been solved by the method of successive approximation. Numerical
solutions for velocity and temperature have been obtained. The results obtained are discussed with
the help of graphs. The effect of magnetic parameter M, Visco-elastic parameter Rc and the

product of Prandtl and Eckert numbers [PE] on velocity and temperature fields are investigated.
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NOMENCLATURE

D dissipation function material derivative T, uniform temperature
Dt

\V4 Laplace operator ﬁ{ rate of stress tensor

J

d/ rate of strain tensor Vv velocity vector
K thermal conductivity M magnetic parameter
p/ extra stress tensor P! isotopic mean pressure
T temperature of the fluid C specific heat capacity
Ty ambient temperature Rc visco-elastic parameter
u velocity of the fluid s expansivity of the fluid
A elastic parameter of the dimensions of time u coefficient of viscosity
e coefficient of cross viscosity o; Kronecker deltas

\J kinematic viscosity fluid Do fluid density

1. Introduction

The problem of fully developed natural convection in a Newtonian fluid, flowing between two heated vertical plates
has been solved by Tanner (1962). Soundalgegakar (1974), Mishra and Mishra (1982), studied the Visco- elastic
fluid flow problem of a semi- Infinite space of fluid in contact with a plane wall initially at rest, wall being suddenly
accelerated to a constant velocity parallel to itself. The unsteady motion of 2™ order fluid between two infinitely
extended non-porous plates when the upper plate is moving with uniform velocity and the lower plate is performing
linear oscillations in its own plane has been considered by Sacheti and Bhatt (1975), Dutta (1963), Gulati (1966).
Vajravelu and Sastri (1978), studied about Free convective heat transfer in a viscous incompressible fluid confined
between a long vertical wavy wall and a parallel flat wall. Free convection and mass transfer flow through a porous
medium bounded by an infinite vertical porous plate with constant heat flux was considered by Raptis et al. (1982).
Soundalgekar and Patial (1982), have investigated unsteady mass transfer flow past a porous plate. Magneto
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hydrodynamic flow of a viscoelastic fluid past an accelerated plate was considered by Singh (1983), Magneto
hydrodynamic flow of non-Newtonian visco-elastic fluid through a porous medium near an accelerated plate was
considered by Nabil et al. (2003). Samria et al. (2004), studied about Hydro magnetic free- convection laminar flow
of an elasto-viscous fluid past an infinite plate. Bhargava et al. (2003) studied about Numerical solution of free
convection MHD micropolar fluid between two parallel porous vertical plates. Free convection boundary layer flow
of a non-Newtonian fluid along a vertical wavy wall was considered by Kumari et al. (1997). MHD combined
convective flow of a dissipative fluid past a semi-infinite vertical plate was investigated by Takhar et al. (2001).
Hazeem Attia (2005) studied about unsteady flow of a dusty conducting fluid between parallel porous plates with
temperature dependent viscosity. Radiation effects on free convection flow past a semi-infinite vertical plate with
mass transfer was considered by Chamka et al. (2001).

Since many electrically conducting liquids are Visco — elastic non- Newtonian character, the aim of this chapter is to
investigate the problem of natural convection flow of a conducting Visco-elastic liquid between two heated vertical
plates under the influence of a uniform transverse magnetic field. It is assumed that the configuration is infinitely
long in the direction of flow; the fluid in the channel is subject to a buoyancy force causing it to rise. Heat is
generated within the fluid by viscous dissipation. We have used the method of successive approximation to
determine the velocity and temperature fields. The effects of magnetic parameter M, Visco — elastic parameter R,
and the product of prandtl and Eckert numbers [PE] on velocity and temperature fields were investigated.

2. Formulation and solution of the Problem

A vertical channel is formed by two infinitely wide parallel plates separated by a distance 2h. The plates are
maintained at a uniform Temperature T| which exceeds the ambient temperatureT,. An elastico viscous liquid rises
in the channel driven by buoyancy forces. The constitutive equations of such a liquid, as given by Noll (1960) are

Pj+AP] =2ud} +4u,dld , o
where PJ’ is given by
5t < bt - pigs (2.2)
and djl is given by
2d; ) sz ) Vl/ (2.3)

V'is the velocity vector, 5; is the Kronecker deltas and the term 17} appearing in equ. (2.1) represents the rate of

stress tensor, which according to Truesdell is given by
- _op /' .
P =— %0,
The constitutive equation (1) for the elastico — viscous liquid is similar to that suggested by Oldroyd (1950), and
has been used by Sharma (1959) & Bhatnagar (1966).

The basic equations of the problem of the following continuity equation is

k iy k kysi i1,k
JSE-RVE PV Py @4

V=0 (2.5)
Momentum equations are
du oP! op.. 0P,
Vo—=-——-p8g +
Ox Ox Ox oy
0= _ op'! . opP,, . opP,,

oy O0x oy
(2.6)
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Energy equation is
DT

Dt

pe KV T+ 2.7)

where ¢ = P]’d;
o o’

via 4o
o

D ¢ 0
Vi
X

are dissipation function material derivative and Laplace operator respectively. Since the fluid is slightly conducting,
the induced magnetic field can be neglected in comparison with the applied magnetic field [sparrow and cess
(1962)]. In the absence of any input electric field and on the assumption that the flow is fully developed, the
momentum equation in X and Y directions are

2 2 2 1 2 2
34 H
V6_2‘+Ldi d;‘_LéL_g_G”e—Ou:o 2.8)
dy p \dv ) dy p Ox p
1 2
AP PR 29)
oy dy dy
where u and v are the X- velocity and kinematic viscosity of the fluid respectively
The equation (2.9) on integration gives the pressure distribution in the form
2
P' = ye(ﬂj +¢(x) (2.10)
dy

If the liquid is non- Newtonian and inelastic, the Eq. (2.8) shows that, the velocity distribution is the same as that in
the Newtonian fluids with the same Kinematic viscosity v. But Equation (2.9) shows that, the cross-viscosity
exhibits itself through the increasing pressure at each point of the fluid flow, which will not be considered further. In
this chapter the above two important conclusions were previously obtained by Bhatnagar [1966] in a more general
way.

1

In fully developed flow the pressure distribution must be hydrostatic and hence a@i =—pog 2.11)
X
Inserting Eq. (2.11) in Eq. (2.8) we obtain,
2
0 d
V_“2+3,1&(—“J + (T -Ty)-Mu=0 (2.12)
oy p \ dy
where f is defined by
2, 2
B = —1—(6—’0)]71 and M= X Ho” (2.13)
poT P

Eq. (2.5) valid for moderate differences between T, and T}, is the desired momentum relationship. The energy
equation for this flow is

) 2 4
T
Kdzﬂ,d_“] u, d_uj —0 2.14)
dy dy dy

Using the following substitutions
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- T -T
u:+ ,r:l,H:—O (2.15)
Pgh”(T) - Ty) h I, -T,

in Egs. (2.12) and (2.14) we obtain the dimensionless equations,

2 —\2 2
du 3RN|du |\  d7u_ o a0 (2.16)
dr> PE | dr dr?
20 (dau) RN?(au)
+N| — | +—< —1 =0 (2.17)
dr? dr PE | dr
2 2 2 214(m
where RC:M,P — He , F= - v ; N:pﬂ g h (Tl TO)
uh K Ch*(T, - Tp) kv

Equations (2.16) and (2.17) contain two unknowns # and 6 and must be solved simultaneously to yield the desired
velocity and temperature profiles.
The non-dimensional boundary conditions are,
u(xl)=0
6(x1) =20
The non linear differential Equations (2.16) and (2.17) are difficult to solve. We have used the method of successive
approximation to determine the velocity and temperature fields.
Assuming the non-dimensional numbers measuring the buoyancy force N < < 1 (which is a realistic assumption) we

(2.18)

expand U and @ in the ascending powers of N as follows.

U =uy+ Nuf+Nus +. .. ... (2.19)

0=0,+NO,+N°0, +. . .... (2.20)
Inserting Eqs.( 2.19 ) and ( 2.20 ) into Eqs. ( 2.16 ) and ( 2.17 ) and equating coefficients of temperature upto N
equal to zero we have the following set of ordinary differential equations

u, +0,— Mu , =0 (2:21)
3R
11 211
u; +—=\uguy |+6, —Mu, =0 2.22
e luud! )+ 6, vy (2.22)
R
uy' +3P—Ec(u§u1“ + 2uguiug )+ 0, —Mu, =0 (2.23)
o' = (2.24)
ol 12
Mrud =0 (2.25)
o1 v oulyl + Re 1t g (2.26)
PE

where the primes in the above equations denote differentiation w.r. to r. The boundary conditions are

u=0 at r= *£1 i=0,1,2
0=1 at r= =*1 (2.27)
0=0 at r= *£1 i=1,2
On solving Equations (2.21) to (2.26) with the boundary conditions (2.27) by using method of successive
approximations we obtain,
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0. — 2 3R, Cosh 3NM  Sinh NM | Cosh 2M B 1
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{ Cosh 2\/ r,r’ ., Cosh 2dM _1} 18R, Hcosh 4Mr  Cosh 2Mr 1’ }

M 2 2M M aAM
8 PEM *Cosh *~IM 3 8
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. (Cosh4\/Mr+ 1 J | rSinn2Mr _2Cosh2mr
ul— =, 12 - 3

60M 6M 3
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o= -3R,. o = 3R. Cosh3NM_ SinhM — Cosh2vM 1
" PE "7 PEMCosh’NM | 4M M 6M3Cosh* M 2M>Cosh® M
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3. Results and Discussions.

The effect of magnetic parameter M on uy, u;, u, 6;and 6, is illustrated in Figures (1) to (5). From Figs. (1) & (2), it
is observed that ug, u; decreases as the magnetic parameter M increases. It is because of that, the application of
transverse magnetic field will result a resistive type force, which is known as Lorentz force, which tends to resist the
fluid flow and thus reduces velocity. From Fig. (3), it is clear that u, increases as M increases. In Fig. (4), we
observe that 0, decreases as M increases where as from Fig. (5), it is observed that 8, increases as M increases. A
close look at Figs. (6) and (7), will reveal the fact that u; and u, increases as PE [Product of Prandtle and Eckert
numbers] increases. Physically, it is possible because fluids with high Product of Prandtle and Eckert numbers have
low viscosity and hence move faster. Fig. (8) shows that 6, increases as PE increases. This is due to the fact that
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Fig. 1: Effect of M on u, Fig. 2: Effect of M on u;
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thermal conductivity of fluid increases with increasing PE, resulting an increase in thermal boundary layer thickness.
From fig. (9) and (10), we observe that both u; and u, decreases as the viscoelastic parameter R increases. Fig. (11),
shows that 6, decreases as the viscoelastic parameter R increases.
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Fig. 3: Effect of M on u, Fig. 4: Effect of M on 6,
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Fig. 5: Effect of M on 6, Fig. 6: Effect of PE on u;

4. Conclusions.

The aim of this paper is to investigate the problem of natural convection flow of a conducting visco-elastic liquid
between two heated vertical plates under the influence of a uniform transverse magnetic field. Results found from
this study can be summarized as follows:

1) With the increase in visco-elastic parameter R, the velocity and temperature decreases.
2) The velocity decreases with the increase of magnetic parameter M.

3y The velocity and temperature increases with the increase of product of Prandtl and Eckert number [PE].
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