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ABSTRACTS

In this paper MHD flow and heat transfer in a viscoelastic fluid over a

porous, continuous, moving flat surface has been studied. The

expressions for the velocity, temperature field and Nusselt number have

been obtained.Here an analysis has been carried out to study the effect

of magnetic field on the visco-elastic liquid flow and heat transfer over

a porous flat surface with heat source/sink parameter. The momentum

and thermal boundary layer equations which are non-linear partial

differential equations are converted into non-linear ordinary differential

equations by means of similarity transformation and is solved exactly.

The effect of various parameters , Pr, Ec on temperature field and

heat transfer coefficient (Nusselt number) have been discussed

quantitatively and shown graphically.

Keywords:  Magnetic field, Visco-elastic fluid, Eckert, Prandtle, Walter's

liquid B, Viscous dissipation
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INTRODUCTION

The problems for viscous
incompressible fluid flow over continuous
flat surfaces have a great importance in
various areas such as the aerodynamics,
extrusion of plastic sheets, the boundary
layer along material-handling conveyers,
the cooling of infinite metallic plate, in a
cool bath, and the boundary along a liquid
film in condensation process. Abel and
Nandeppanavar1 develop the effect of
variable thermal conductivity with
combined effect of non-unoform heat
source on visco-elastic boundary layer
flow. Abel et. al.2 studied the non-newtonian
visco-elastic boundary layer f low of
Walter's liquid past a stretching sheet
taking account of non-uniform heat source
and frictional heating. Abel and Mahesha3

have analyzed the effect of MHD boundary
layer flow and heat transfer characteristic
of a non-newtonian visco-elastic fluid over
a flat surface with a linear velocity in the
presence of thermal radiation and non-
uniform heat source.

Nomenclature
Cp specific heat at constant pressure
X flow directional coordinate along the

flat surface
Y distance normal to the flat surface
U fluid velocity component in

X-direction
V fluid velocity component in

Y-direction
K0        elastic parameter

K1 dimensionless viscoelastic
parameter

Pr prandtl number
Ec Eckert number
B0 magnetic field strength
Q volumetic rate of heat generation/

absorption
Nu Nusselt number
M magnetic parameter
K thermal conductivity
T fluid temperature of the moving flat

surface
Tw temperature at the surface
T temperature of the fluid far away

from the surface
Uw velocity of the surface
V0 velocity of suction or injuction

parameter
u dimensionless velocity along the

surface
y  dimensionless distance normal to

the flat surface

Greek Symbols
 heat source/sink parameter
 dimensionless temperature

variable
µ dynamic viscosity
v kinematic viscosity
 density of fluid
 electric conductivity

They have assumed that thermal
conductivity to vary as a linear function of
temperature and discussed a numerical
solution of the problem by efficient shooting
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method. The effect of radiative heat
transfer problems have extensively studied
by Abel et al.4. Cortell R.5 have investigated
the effects of viscous dissipation, work
done due to deformation, internal heat
generation/absorption, thermal radiation
for the second grad fluid, again by the
same author Cortell6, the effects of elastic
deformation on MHD flow of visco-elastic
fluid has been investigated and also7, the
effects of viscous dissipation and thermal
radiation on non-linear stretching sheet has
been investigated. Recently past, Cortell
R. and Seddeek8, 30 had studied the heat
and mass transfer problems about the
viscoelastic boundary-layer flow over a
stretching sheet with magnetic effect, but
not consider the mixed convection with
magnetic effect. Chakrabarti and Gupta9

have studied an electrically conducting fluid
permeated by a uniform transverse
magnetic field, the motion being caused
solely by the stretching of the wall. A
similarity solution for the velocity and heat
transfer characteristics in the flow with
uniform suction at the wall is obtained. This
problem may have applications to polymer
technology and metallurgy where
hydromagnetic techniques have recently
been used. Another important application
of hydromagnetic to metallurgy lies in the
purification of molten metal from non-
metalic inclusion by the application of a
magnetic field. To be more specific, it may
be pointed out that many metallurgical
processes involve the cooling of

continuous strips or filaments by drawing
them through a quiescent fluid and that in
the process of drawing, these strips are
sometimes stretched.

Drawing, annealing and tinning of
copper wires is also based on
hydromagnetic techniques as
hydromagnetic flow occurs in drawing of
plastic films and artificial fibers. The moving
fibre produces a boundary layer in the
medium surrounding the fibre, which is of
technical importance. In that it governs the
rate at which the fibre is cooled and this
inturn effects the properties of the yarn. In
all these cases the properties of the final
product depend to a great extent on the
rate of cooling. By drawing such strips in
an electrically conducting fluid subject to a
magnetic field, the rate of cooling can be
controlled and final products of desired
characteristic might be achieved.
Dandapat et al.10, in his work, presented a
systematic analysis on the magnetic field,
one of the controlling forces, has stabilizing
effect on the boundary layer flow, as long
as the wave length of the distribution does
not exceed the visco-elastic length scale.
Danberg and Fansler11 have studied the
counterpart of the problem in which the free
stream velocity is constant and the being
wall is stretched with a velocity proportional
to x.

Hsiao12-14 deals with the study of
conjugate heat transfer problems about a
second grade fluid adjacent to a stretching
sheet or to a fin, but still had not toward
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the heat and mass transfer for electric
conducting magnetic mixed convection
past a stretching sheet. Khan et al.15 have
studied visco-elastic flow, heat and mass
transfer over a porous stretching sheet with
dissipation of energy under the influence
of a uniform magnetic field and obtained
Prandtl number, heat source-sink strength
and Schemidt number for various physical
situations of the fluid. Khan16 analyzed the
flow and heat transfer in a visco-elastic fluid
flow over a stretching surface with heat
source/sink, suction/blowing and radiation
effect. The analysis of temperature field,
as modified by generation or absorption
of heat in moving fluid is important in view
of several problems such as problems
concerned with dissociating fluids by
Lighthill17. Nandeppanavar et al.18

describes the flow of heat transfer in a
walter's liquid B fluid over an impermeable
stretching sheet with non-uniform heat
source/sink and elastic deformation also
by the same author19 presented a
mathematical analysis on momentum and
heat transfer characteristics in an
incompressible electrically conducting
visco-elastic boundary layer fluid flow over
a linear stretching sheet by taking into
account of viscous dissipation and ohmic
dissipation due to the presence of
transverse magnetic field and electric field.
Pallah20 has analyzed MHD flow over a
continuous, moving flat plat in a stationary
fluid for skin friction and heat transfer
coefficient. Prasad21 has discussed in detail

the viscosity effect on MHD viscoelastic
f lu id f low and heat transfer over a
stretching sheet. Rott22 studied the non-
similar solutions corresponding to the
viscous flow at a stagnation point on a wall
moving with constant velocity. Rathod and
Shrikanth23 had analysed hydromagnetic
flow and heat transfer in a viscoelastic fluid
over a continuous, moving, porous, flat
surface with a view to notice the effect of
magnetic field, suction and internal heat
generation-absorption. The flow of three
dimensional boundary layer over a
stretching sheet with visco-elastic fluid was
investigated numerically by Roslinda and
Norfaizin24. Sparrow and Cess25 have
obtained solutions of the steady flow and
heat transfer of the stagnation point flow
taking into account the temperature
dependent heat generation. From the
application point of view Sakiadis26 has
studied theoretically the boundary layer on
a continuous semi-infinite sheet moving
steadily through an otherwise quiescent
fluid environment. Subash, et al.27,28  have
discussed heat transfer in MHD
viscoelastic boundary layer flow over a
stretching sheet considering non-uniform
heat source and heat transfer in a viscous
incompressible fluid over an unsteady
stretching surface taking dissipation into
account in the presence of external
magnetic field. Salem29 envisaged that the
effects of variable viscosity and thermal
conductivity on MHD flow and heat transfer
in a visco-elastic fluid over a stretching
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surface. The flow due to a stretching
surface finds application in continuous cast
of metals glass blowing and spinning of
synthetic fibers. In addition, pioneering
work of Fang31 et al. on boundary layer flow
has led to an extensive study on boundary
viscous flow problem over a stretching
sheet with propsed second order slip flow
model. Vajravelu32 has studied the effect
of magnetic field and heat transfer with
suction.

In the present work we have studied
Rathod and Shrikanth's problem by
considering the viscous dissipation term.
Here the expressions for velocity,
temperature and Nusselt number have
been obtained in two cases (without and
with magnetic field). The effects of various
parameters on these expressions have
also been computed numerically and
discussed quantitatively.

FORMULATION AND SOLUTION OF
THE PROBLEM

Here the steady state boundary layer
equations for the flow of an electrically
conducting incompressible fluid (Walters'
liquid B) over a continuous, moving,
porous, flat surface with B0 an imposed
uniform magnetic field perpendicular to the
surface has been considered. Neglecting
the pressure gradient, the boundary layer
equations for the flow and heat transfer for
the present study take the following form.

  
 U

U 
+V

 U 
= –

 B² 
U+V

 ²U 
– K*X        Y         Y²

     3U         3U    U ²U     U ²U
      XY²      Y3     XY² Y XY

And the equation of continuity is
U V (2)
X Y

(3)
The induced magnetic field has also been
neglected due to the small magnetic
Reynolds number flow. The flow and heat
transfer characteristics depend on the
following dimensionless numbers,
M= and ,
which is due to the magnetic field and the
internal heat generation. The boundary
conditions for the velocity and temperature
field for the present study are,

(4)
Equations (1), (2) and (3) take the following
form as per our assumption that the
velocity and temperature f ield are
independent of the distance parallel to the
surface.

 (5)

0
0

U  +V   +      –
  

(1)
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  (6)
Considering the following non-dimensional
quantities

   (7)

Equation (5) with (7) takes the form

d3u    d2u       du (8)
dy3     dy²      dy

Boundary conditions are

  (9)

The above equation (8) has been solved
under the boundary condition (9) in two
cases
(i) Without magnetic field
(ii) With magnetic field

2.1 Case I: For without magnetic field

(10)
Where

Equation (6) with (7) and (10) take the
expression and has been solved under the

boundary conditions (9)

(11)

    (12)

2.2 Case II: With magnetic field

Solving the equation (8) with (9) with
magnetic field

(13)
Where L = 10.380568

Equation (6) with (7) and (13) take the
expression and has been solved under the
boundary conditions (9)

0
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0 (14)

(15)

Where

3. Expressions for Nusselt Number:-
Here we get the following expressions for
Nusselt number for the above two cases:
(i) Without magnetic field
(ii) With magnetic field

Case I: Without magnetic field

(16)
Case II: With magnetic field

(17)

RESULT AND DISCUSSION

In order to have a greater insight of
the effects of all the physical parameters
on heat transfer and temperature of a
visco-elastic fluid over a flat surface with
variable f luid properties. We depict
numerical results and shown these by
graphically in the Figs. (1-5) with and
without magnetic field parameters and for
small values of various parameters.
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4.1 Effect of prandtl number (Pr)

Fig. 1(a) and (a') is a plot of
temperature distribution against the non-
dimensional distance for three different
values of Pr = 0.7, 1, 2 in both cases
without and with magnetic f ield,
respectively. These figures, reveal that the
increase of prandtl number results in the
decrease of  temperature prof ile at
particular point of the flow region. In both
cases, temperature also decreases when
distance is increases and the thermal
boundary layer thickness is very high
corresponding to Pr =2 in comparison of
Pr =1
4.2 Effect of Eckert number (Ec)

In Fig. 2(a) and (a'), the effect of
temperature  against Y for different values
of Ec has been presented in the absence/
presence of magnetic field parameters,
respectively. It is observed from the figure
2(a) that temperature increases for all
considered values of Ec and decreases as
distance (Y) increases. It can be seen from
the fig. 2(a') that temperature is decreasing
when Ec and distance are increasing. The
thickness of thermal boundary layer is
much larger in the presence of magnetic
field than the absence. Further, we notice
that for higher values of the parameters,
the thickness of boundary layer is high in
the presence/absence of magnetic
parameters.

Fig. 1 (a) and (a'), A plot of temperature distribution (y) vs. y for different values of  Pr, for
k1 = 0.1, Ec = 0.01,  = 0.009,   in absence/presence of magnetic field.
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4.3  Effect of heat source /sink
parameter (?)

The Fig. 3(a) and (a'), respectively,
reveal that, the effect of increasing the
values of heat source/sink parameters, is
to enhance the temperature distribution in
the flow region in the case of without
magnetic field parameters and is to
decrease in the presence of magnetic field
parameters. Physically,  > 0 implies >
T, It means that it will be a transfer of heat
from the wall to the flow region. Similarity,
< 0 implies Tw< T, and there will be a
transfer of heat from the flow region to the
wall. The thickness of thermal boundary
layer is larger in the absence of magnetic
field parameters than in the presence.

4.4 Effect of prandtl number (Pr) on heat
transfer coefficient

The effect of Prandtl number (Pr) on
heat transfer process may be analyzed
from the Figs. 4(a) and (a') in the absence/
presence of magnetic field. From the fig.
4(a), we see that the magnitude values of
heat transfer are decreasing when (Pr) is
increasing and also increases as (Ec)
increases in the absence of magnetic field
parameters. However, in the presence of
magnetic f ield, Nusselt  number is
absolutely increasing as (Pr) is increasing.
It is seen that the effect of (Ec) is to reduce
the heat transfer (Nusselt number)
throught the flow field.

Fig. 2 (a) and (a') Temperature profile (y) vs. y for different values of Ec, for k1 = 0.1, Pr = 0.7,
= 0.009 in absence/presence of magnetic field.
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Fig. 4 (a) and (a') Heat transfer coefficient (Nusselt number) Nu vs. Eckert number (Ec) for
different values of Pr , for k1 = 0.1, = 0.009

Fig. 3 (a) and (a') Variation of temperature profile (y) vs. y for different values of heat source/
sink parameter , for k1 = 0.1, Pr = 0.7, Ec = 0.01 in absence/presence of magnetic field.
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4.5 Effect of heat source /sink parameter
() on Nusselt number (Nu)

The rate of heat transfer in terms of
Nusselt number (Nu) for different values
of heat source/sink parameter is shown
graphically in Figs. 5(a) and 5(a') in the
absence/presence of magnetic field

Fig. 5 (a) and (a') Heat transfer coefficient (Nusselt number) Nu vs. Eckert number (Ec) for
different values of Heat source/sink parameter , for k1 = 0.1, Pr = 0.7 in absence/
presence of magnetic field.

CONCLUSION

The effect of various physical
parameters on heat transfer phenomena
in a visco-elastic fluid flow over a flat
surface has been analyzed. Here the
present analysis brings out the following
interesting results of physical interest on
the temperature of the flow field.

parameters. From these figures we note
that the magnitude values of Nusselt
number is increasing as heat source/sink
parameters are decreasing in absence/
presence and also increases in absence
and reverse trend is seen in the presence
as Eckert increases.

 The effect of higher Prandtl number
(Pr) is to decrease the thermal boundary
layer thickness.
 The temperature profile is lower
throught the boundary layer for heat sink
(<0) parameters and higher for heat
source (>0) parameters in the absence
of magnetic field whereas reverse is
observed in the presence of magnetic field.
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 It has been found that from Figs. 5(a)
and 5(a') the magnitude values of heat
transfer coefficient increases as heat
source/sink parameter () are decreasing
in absence/presence of magnetic field.
 The rate of heat transfer is absolutely
increasing, with (Pr) decreasing in the
absence and with (Pr) increasing in the
presence of magnetic field.
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