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Abstract

In this paper the Steady flow of a viscous fluid through a porous medium over a fixed horizontal, impermeable and thermally
insulated bottom. The flow through the porous medium satisfies the general momentum and energy equations are obtained when
the temperature on the fixed bottom and on free surface prescibed. By using Galerkin Method, the expression for Velocity and
Drag force are obtained. The Galerkin Method endowed with distinct features that account for its superiority over
competing methods. The effect of different parameters on Velocity and Drag force are discussed with the help of graphs.
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l. INTRODUCTION

Friction stir processing (FSP) is used to transform a heterogeneous microstructure to a more homogeneous, refined
microstructure. There are several possible methods available which can be applied to a variety of material shapes and sizes. In
many cases, the re-processed areas have superior strength and formability than the parent material, e.g. aluminum castings can be
processed to consolidate voids, or extrusions can be improved in highly stressed areas. In combination with super plastic
forming, FSP offers the potential to form complex-shaped parts at higher strain rates and in section thicknesses not possible
using conventional super plastic processing. Friction stir processing (FSP) is a novel micro structural modifications technique;
recently it has become an efficient tool for homogenizing and refining the grain structure of metal sheet. Friction stir processing
is believed to have a great potential in the field of super plasticity. Results have been reported that FSP greatly enhances super
plasticity in many Al alloy. Friction stir processing offers many advantages over conventional and other newer. One of the most
important and unique features of FSP is that FSP is a single step process, while other techniques require multiple steps which
make FSP easier and less time consuming. In addition, FSP uses a simple inexpensive tool, and a readily available machine such
as a milling machine can be used to conduct the process. Other advantages of FSP are that it is suitable for automation, and it is
also environmentally friendly since no gases or chemical are used. These features together make FSP easier, less expensive, and
so preferable over other processing techniques.

Il. LITERATURE REVIEW

The study of flow problems of fluids and associated heat transfer are of widespread interest in almost all the fields of engineering
as well as in astrophysics, biology, biomedicine, metereology, physical chemistry, plasma physics, geophysics, oceanography
and scores of other disciplines.

Flows through porous media with heat transfer have been extensively investigated by mechanical engineers in the design of
heat exchangers such as boiler, condensers and radiator of power plants by chemical engineers working on absorption. A three
dimensional convective flows in a porous media were studied theoretically and experimentally [1, 2]. Singh [7] studied MHD
free convection mass transfer of a dusty viscous flow through a porous medium. Rapits et. al. [4] examined an oscillatory flow a
porous medium in the presence of free convective flow. Later Sharma, et. al. [6] examined thermo solute convection flow in a
porous medium. Forced convection flows through porous and non- porous channels for a variety of geometries was examined by
Raghava Charyulu [3] and Satyanarayana Raju [8]. Rajesh Yadav [5] studied convective heat transfer through a porous medium
in channels and pipes. Steady flow of a fluid through a saturated porous medium of finite thickness, impermeable and thermally
insulated bottom and the other side is stress free, at a constant temperature was examined by Moinuddin [1a].

The steady of a viscous liquid of viscosity p and of finite depth H through a porous medium of permeability coefficient k*
over fixed impermeable, thermally insulated bottom bottom is investigated. The flow s generated by a constant horizontal
pressure gradient parallel to the fixed bottom. The momentum equation considered is the generalized darcy’s law proposed by
Yama Moto and lwamura [9] which takes into account the convective acceleration and Newtonian viscous stresses in addition to
the classical Darcy force. The basic equations of momentum and energy are solved by finite element method to get velocity and
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temperature distributions and Nusselt number on the free sureace have been obtained and their variations are illusterated

graphically.

Previously this paper is solved by Analytical technique. This problem used to land in complicated situations with
complex arguments etc. obtaining the solution in such cases was tedious job and truncation errors were causing a lot
of problems. These difficulties can be overcome by use of Finite Element method. Most practical problems involve
complicated domains, load and nonlinearities that forbid the development of analytical solutions. Therefore, the only
alternative is to find approximate solutions using Finite Element method. A Finite Element method, with advent of a
computer, can be used to investigate the effect of various parameters of the system on its response to gain a better
understanding of the system being analyzed. It is cost effective, saves time and material resources compared to the
multitude of physical experiments needed to gain the same level of understanding. Because of the power of Finite
Element method, it is possible to include all relevant features in a mathematical model of a physical process without

worrying about its solution by exact mean.

I11. MATHEMATICAL MODEL

Consider the steady forced convective flow of a viscous liquid through a porous medium of viscosity coefficient u and of finite
depth H over a fixed horizontal impermeable bottom. The flow is generated by a constant pressure gradient parallel to the plate.
Further the bottom is thermally insulated. The free surface is exposed to the atmosphere kept at temperature T1 with reference to
a rectangular Cartesian coordinate system with the origin O on the bottom the X-axis in the flow direction and the Y-axis
vertically upwards. The bottom is represented as Y = 0 and the free surface as Y = H. Let the flow be characterized by a velocity
U = (U(Y),0,0). This choice of velocity evidently satisfies the continuity equation V.U = 0.

Let the convective flow be characterized by the velocity field U = (U(Y),0,0) and the temperature T(Y). The choice of the

velocity satisfies the continuity equation

VU =0 €y
dT
—=0,U=0at Y=0
dy
The momentum equation
oP d’T  uU
S =0 @)
oX dy k*
The energy equation
daT  d°T du Y’
pcU — =k St u| — 3
dx dy dy

In the above equation p is the density, c is the specific heat, k is the thermal conductivity of the fluid and P is the fluid pressure.

Boundary conditions
The bottom is fixed

u@)=0
The free surface is shear stress free
du
u—=0 at Y=H 4)
dy
The bottom is thermally insulated
dT
—=0 at Y=0
dy
The free surface is exposed to the atmosphere
T(H) = T1 = temperature of the atmosphere (5)
In terms of the non-dimensional variables defined hereunder
2 2
u a
X=ax, Y=ay, U= 20 p= £ P e &
pa pra a
oP 2 oT (T, -T
S e, TET, (T, -T,)0, —= Mc2
oX pa oX a
o - uc u® _ o L
"ok pta%k(T,-T,) 1 ax P ax

Where a is some standard length, TO is the temperature at the bottom

(6)
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The basic field equations can be rewritten as
Momentum equation

d’u
2 —a’u=-¢
y
Energy equation
d%6 (du)’

dyz =pc,u-E LEJ

Boundary conditions

du
u(0)=0 and —=0 at y=h
dy

d
0(h)=1 and —0:0 at y=0
dy

U]

®)

©)

(10)

The equations (7) & (8) are ordinary differential equations with boundary conditions (9) & (10). Through Finite Element method,

the solutions u & 0 are
The velocity distribution

u= A(y2—2hy)

5¢c,
where A:ﬁ
5-2a°h
The temperature distribution
(y* hy®) (y*
0=pc,Al - qea’ Ly
le 3 J le

The mean temperature
1 h
6, = - ! ody

_ p,c,Ah" 2EA’h’
15 5

1

(11)

(13)

Heat transfer coefficient Nusselt number on free surface

2

de
0,=— aty=h
dy

2p,c,Ah® 20EA’h’
- +
3 3

0:

2

The numerical values are carried out using C++ language.

(14)

(12)

IV. RESULTS AND DISCUSSION

For calculation of velocity distribution and temperature distribution for the steady flow of a viscous liquid through a porous
medium is analyzed by using Finite Element Method, Galerkin Method. Influence of parameters on velocity
distribution and temperature distribution are studied in the present investigation.

It is observed from Fig: 1 that velocity u(y) decreases with increase in the values of the porosity parameter o, atc; =1
& h=1.1It is observed from Fig: 2 that temperature 6(y) decreases with increase in the values of the porosity parameter o,
atci=1,c=1,p=1,E=5&h=1.1t is observed from Fig:3 that mean temperature 01(y) decreases with increase in
the values of the prandtl number p,, atci=1,co=1,E=5& h=1. It is observed from Fig:4 that Nusselt number 02(y)
decreases with increase in the values of the prandtl number p;, atci=1,¢c;=1,E=5&h=1.
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Fig. 1: Velocity for c1=1, h=1
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Fig. 2: Temperature Distribution for c1=1, c2=1, h=1, pr=1 & E=5
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Fig. 3: Mean Temperature Distribution for c1=1, c2=1, h=1 & E=5
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Fig. 4: Nusselt Number for c1=1, c2=1, h=1 & E=5
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