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Abstract

The present study considers the unsteady two-dimensional flow of a viscous fluid through a channel
bounded by a flat deformable sheet and a naturally permeable lower boundary. Results from two-dimensional
simulations are documented for discussion on velocity distributions, stream functions, pressure coefficients,
and skin friction coefficients along the stretching sheet and the porous boundary. All equations have been
solved and the results have been graphically presented using MATLAB.
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Introduction

Because of the numerous scientific and engineering applications, the study of the fluid flow in the
presence of naturally permeable boundaries is very much justified. Beavers and Joseph (V) suggested an
interface slip condition between fluid and porous medium. Saffran ® theoretically justified the slip condition
of Beavers and Joseph and further modified it for the case when the permeability of the porous medium is
very small so as to calculate the outer free fluid flow near the porous boundary. This condition is another one
that has been widely used in many other problems of fluid flow in porous media. Flow stability and uniqueness
have been considered by Bhattacharyya and Gupta ), Mcleod and Rajagopal ¥ due to a stretching boundary.
Chauhan ® studies slip effects on a non-Newtonian fluid through a porous medium channel with a stretching
wall. Xu Hang et al ® created a mathematical model for flow in a micro channel driven by an upper stretching
wall.

This is the effect of the tendency of a viscous fluid to flow through a channel capped by a flat elastic
deformable sheet and naturally permeable beds of very small permeability when this sheet is stretched in its
own plane pointing an outward flow velocity proportional to distance from a particular point in it. In the
absence of any other external pressure gradient and small permeability of the porous medium, the flow inside
the porous medium can be constituted as zero, and the effect of the permeability trap in the outer flow inside
that channel comes through Saffran's”simplification to the Beavers and Joseph slip condition. The
expressions for velocity, stream flow function, pressure coefficient, and factors of skin friction on the
stretching sheet and the porous boundary were derived and considered. Current Shekhawat ® studies A Two-
Dimensional Stretching flow of a Viscus Incompressible Liquid in the Presence of a Naturally Permeable
Boundary. Now Singh &Singh @study The Unsteady Two-Dimensional Stretching flow of a Viscus
Incompressible Fluid in The Presence of a Naturally Permeable Boundary.

USE SYMBOL
K Thermal Conductivity.
a is a non-dimensional constant depending upon the porous
material
p the pressure in the channel
uandv are the velocity components in the channel.
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With a channel through fluid

small values of the stretching parameter
Kinematic Viscosity of the Fluid

Density of the Fluid

Constant of the Fluid

>

FORMULATION

The Unsteady two-dimensional steady laminar flow of a viscous incompressible fluid through a channel of width h is

ou 0
_u+_v=0

considered. The channel is bounded by a naturally permeable bed and a stretching sheet. Let Suppose ox 1oy

The flow in the channel(free fluid region,(0<y<h))is governed by the following Navier-Stokesequations:

d a -10 92
U Ly -op ou (1)
ot ax p 0x 0x2

ov ov -10p 0%v
— ty—=——4% -
at uax p 0x g dx2 (2)

The flow through porous media is governed by Darcy's law. However, one assumes zero filter velocity of the
porous medium when there is an absence of any external pressure gradient, with small permeability interior
flows contributing little to the exterior free fluid flow. Under this assumption, the boundary conditions in the
channel flow are given as follows

k, ou
Y—Oatu—g(a)wo
v=0,and continuity of pressure,
and at y=h,u =cx
SOLUTION OF MATHEMATICAL EQUATION -
We solved this equation no (1) and (2) by using MATLAB programming and making graphs with help help of p of

MATLAB codes.By equation (1)

t=0.5000

u(x,t)

Fig. 1
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According to equation (2)

v(x,t) evolution
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Fig. 5
DISCUSSION-

The study of unsteady two-dimensional stretching flow of a viscous incompressible fluid with a naturally
permeable boundary highlights the combined effects of time-dependency, stretching motion, and boundary
permeability on the flow and heat transfer characteristics. The governing nonlinear differential equations were
solved using similarity transformations and suitable numerical/analytical methods, enabling a detailed
investigation of the velocity and boundary layer profiles. The flow behavior in the presence of a naturally
permeable boundary has been examined in a channel bounded by a deformable sheet. The stretching of it
induces a backward flow in the channel near the permeable lower boundary. The temperature profiles are
drawn in figures 1 and 2. Surface effect by temperature is given in 3 figures.

CONCLUSION -

The analysis of unsteady two-dimensional stretching flow in the presence of a naturally permeable boundary
provides valuable insights into the dynamics of incompressible viscous fluids. The study concludes that
unsteadiness enhances velocity gradients and reduces boundary layer thickness. Suction through the
permeable boundary improves flow stability and wall shear, while injection destabilizes the boundary layer.
The permeability parameter serves as an effective control mechanism for boundary layer thickness and drag
forces. The combined effects of stretching, unsteadiness, and permeability yield complex flow patterns that
are crucial for optimizing industrial and natural processes.
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