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Abstract:- The boundary layer flow of afluid past a semi-infinite rough plate embedded in porous medium

is investigated. The transformed non-linear ordinary differentiona equation describing the problem is solved

numerically using the shooting technique. The effects of permeability parameter (M), inertia coefficient

parameter (N) and the roughness parameter (R,) on the velocity are shown on graphs. Numerical data for the

skin fraction have been tabulated for various valuesof M ,N and R,,.
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1- Introduction

The andyss of hydrodynamic flow
through porous medium is of interest in a wide
range of technica problems. The importance of
inertia effects were discussed by many authors
[1-4].

In the a forementioned <udies, the
plates were asumed to be smooth. In mogt
practicd application connected with the flat
plate, the wal can not be consdered smooth.
Consequently the flow past a rough plate is of

as much practica interest [6].

To the end of our knowledge there have
been the
boundary layer flow past a rough surfaces

no sudies concerning laminar

through a non-Darcian porous medium.

It is now proposed to study the effects of
inertia  coefficient
parameter and the roughness parameter on the
flow past a semi-infinite plate embedded in

permesbility  parameter,

non-Darcian porous medium.

2- Basic Equations

The boundary layer deady flow of an
incompressible fluid through a porous medium
bounded by a semi- infinite rough fla plate is



gudied. Thex-axis is taken dong the plate and
y -axisnormd to it We assume thet:
(@ the magnitude of the free- stream

velocity is maintained and the flow

Is steady and two-dimengond;
(b) the boundary-layer gpproximations hold;
(c) the physicd properties are constant; and
(d) the velocity at the plate is proportiond to the
gradient of velocity.

Under these assumptions the governing

boundary layer equation for fluid flow through
a porous medium by usng a genedized

g '%T}“ ety - (-] Y

fu

—+—=0 2
( )

Where u,v are the velocity components
in the x,ydirectipn, respectivdly, and K are the
porodty and the permesbility of the porous
medium, Vv

the kinemetic viscosty, v, the

effective kinematic viscogty.

3- Boundary conditions
As for the surface roughness of the

plate, we shdl assume the dip velocity u, to be

proportiona to the gradient of the velocity u at

thewall. The condition to be consdered is

U:Rﬂ_u
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The proportiondity R is

goproximatdy the heght of roughness
dement, and is taken to be of the same order of

magnitude as theboundary layer thickness . In

other words from the modd assumed in
equation (3), we can write
u R
In our cdculdions we ghdl take
R@Og;%g which sems to be practicaly

reasonable even for extremely smooth surfaces.

The boundary conditions for our problem are
then given by:

fu
y=0 =R —, v=0
%
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y®¥: u=u,
A dream function of the form
y =./2u,vxf(h) where f(h) denotes the
dimengonless dream function and
h= | y is introduced to saisfy the
2vX

continuity equation (2). The expressons for u
and v are

_ . v, .
u=u, f (h),v= /Zx [ty +h £ (h)]

Where prime denotes differentigtion  with
respect to h, and for the roughness parameter

R(X)Ju—*‘is congant, ( hence
2nx

u¥
R(x) ~ x*'? for smilarity solution).

R, =



Subdtitution  in @ ad

amplification leads to the following nonlinear

equation
ordinary differential equation:
fr 4+ ff +M (L- f)+N{- f?)=0,

21
Whee M = | X
K

(permebility parameter ),

u¥
N =2cl x (Inertia coefficient parameter ).

The boundary condition now become.
y=0:f =R, f', f=0

y®¥: f =1

4- Numerical Solution And Discussion
©)
conditions (6) are solved numericdly using the
shooting method, with the fourth order Rung-
kutta.

For

Equation with  the boundary

the locd

wal shear dress is of importance. The shear

engineering  gpplication,

stress.

t,=m % (g

At the plate the coefficient of skin
friction C; isgiven by
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where R, =
m

Figure 1 displays the effect of the
permegbility parameter M on the distribution
of veocity within the boundary layer. The
results indicate that the velocity increases as M

increases.

Figure 2 shows the resullts for the
velocity digributions in the boundary layer. As
the coefficient
increases, we obsarve

of inetia paamge N

tha the vdocity

increases.

Figure 3 represents the didributions of
the veocity within the boundary layer. It is
found that the velocity increases with increasing

the roughness parameter R, .

From the numerica results obtained in
Table 1, it is observed that:

(@ C; decreases with the increasng vaues of
R, while N andM are kept constants.

(b) C; increases with the increesng vaues of
M while N and R, arekept constants.

(¢ C;increases with the increesng vaues of

N while M and R, are kept constants.



Table 1. Summary of our numerica results for

£7(0)

M

R,, =0

R, =0.05

R, =0.1

R, =0.15

0.5

0.1

0.90984

0.880226

0.851642

0.824059

1

0.1

1.14892

1.09587

1.04652

1.00066

2

0.1

1.52077

1.42187

1.33401

25561

05

0.3

1.044

1.00471

0.966987

0.930956

1

0.3

1.25873

1.19609

1.13804

1.08434

2

0.3

1.6058

1.49754

1.40151

1.31604

0.5

0.5

1.16342

1.11446

1.06776

1.02349

1

0.5

1.35991

1.28773

1.22107

1.15966

2

0.5

1.6866

1.56899

1.46486

1.3724
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