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ABSTRACT

The fully developed laminar flow of a various infgpressible liquid in along triangular duct has Feggbeen
investigated. The generalized momentum equatiorttwhoverns the flow has been solved by finite diffee method

using MATLAB. The numerical results are given.
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INTRODUCTION

It is well known that fluid flow through porous madblays important role in hydrology, petroleum ieregring,
chemical engineering, bio-chemical engineeringjcafural engineering, medicines and paper tectgwletc. Henry
Darcy [2] initiated the mathematical theory of tthew of a fluid through porous medium. The genamdi Darcy’s law
states that the seepage velocity of the fluid @pprtional to the pressure gradient. For slowlytigig varying flow,
Darcy's is surely correct. If, however, the flowalives large shear, one expect further terms inmglvelocity gradient to
appear. Brinkman [1] put Darcy’s law in a bettegdtetical shape by taking in to account the efééatiscous stress. This

generalised Darcy’s law gave results in the cadegfly porous media.

The problem of fully developed flow through squarel rectangular shaped ducts filled with porousianedin
absence of it has been studied by many scienf&mchandra and Spalding [5], Wong [9], Patil [4haBna [7] has

solved the problem for rectangular duct by usingdiFourier sine transform.
STATEMENT OF THE PROBLEM

To obtain the solution of the problem of laminawilin porous media with porous triangular duct,sider here a
rectangular duct with its mathematical formulatidiis mathematical formulation is in terms of vélpcomponent (w)
with appropriate boundary conditions for rectangeai@ment. The governing equation of the problemaslinear partial
differential equation. Using finite difference meth the solution has been obtained by taking tréargelement ABCD)

as shown in the following Figure [1].
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Figure 1

FORMULATION OF THE PROBLEM

Consider a rectangular duct of width ‘a’ and lentghfilled with porous material of permeability KA Cartesian
co-ordinate system is used in such a way that #ieafithe rectangular is at = 0,x =a,y = 0,y = b and the flow of

the incompressible viscous fluid inside the ducidsumed to be fully developed. All the four bouietaare impermeable

to fluid flow. Permeability K of the porous mediuend all fluid properties are taken to be constditte velocity

components in the directions ¢€,Y and Z are assumed to be the form
W =0,V =0 andU =U K y | Respectively. (1)
The equation of continuity
OV =0 @)

Is satisfied identically by the form of velocity roponent (1).The equation of the motion of a viscfiugl

through porous medium as proposed by brinkmas [ ] i
OP = p0aV -V 3)
WhereV is the velocity vector{ is the viscosity of the fluid and K is the permiégbconstant of the medium.

The equation of motion (3) for the velocity componef the form (1), becomes

U 0U U _1dp
LU _ dp @)

x> oy K pudz

d
Whered—p is the constant pressure gradient?
V4

The boundary condition of the problem is that tkdowity component) is zero at all the four face of the
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rectangular duct. Hence
U(0,y)=U(@y)=Uk,0)=U kb )= (5)

Introducing the dimensionless variables defined by

x=ax, y=by,U ¥, L (6)
Where,U, =a’ (—lj% @
M) dz

The transformed equation with boundary condition as

2
0 L: +a’ azLi -0U+1=0 8)
ox oy
And
U(0,y)=U(ly)=U &.,0)=U % ,1) =1 ©)

a a
Where, @ =— is the aspect ratio and = — is the permeability parameter.

N

SOLUTION BY FINITE DIFFERENCE METHOD

0V, 90U _

=0U -1 10
x> ay? (10)

Consider finite difference standard five point foaden

Let U(xy)=U,; -
U. -2U +U._.

u,_ = i-1,j hzl,l i+1,] +O(h2) (12)
u .- +U .

u, = ij-1 kzu I,J+1+o(k2) (13)

Consider a rectangular region R for which(X, y) is known at the boundary. Divide this region inatoetwork

of square mash of side h, as shown in Figure [83ing that an exact subdivision of R is possiliR&placing those

derivatives in equation number (10) by their diéfiece approximations, we have

i(u. —2U +U .)+a_2(u.. - +U. 1):52U..—1 (14)
hz i-1,j i, i+1,j k2 ij-1 1 I+ (|

This shows that the value of U at any interior mgsimt is the average of its values at four neighlyg points to

the left, right, above and below. Equation numid) (s called the standard five point formula whislexhibited in Figure
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[2] given below.
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Figure 2
Now take
n=5h=2"2_y
n
h=0.2k=0.2
u1:U2,2 u5:U3,2 u9:U4,2 u13:U 5,2
u2:U2,3 u6:U33 u10:U43 ul4:U 53
uS =U2,4 l'I7 =U 3,4 u11=U 4,4 u 15=U 54
u4 = U2,5 l'I8 = U 3,5 u12=U 4,5 u 16=U 55

From the Equation numbdfi4), we can write the equations for (eiLIj), wherei, | =2, 3, 4, 5 by taking

a =0.5 & d =1.0, which isgiven by

2.541, - 0.25, -u, = 0.04 (15)
~0.254, + 2.541,— 0.26,~u,= 0.04 (16)
~0.251, + 2.541,— 0.26,-u,= 0.04 (17)
~0.251, + 2.541, ~u, = 0.04 (18)
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~u,—0.25, + 2.541,— 0.26,-u,,= 0.0
~u, —0.25u, + 2.541,-u,,= 0.0

~U, +2.541, — 0.281,,~u,,= 0.0

~u, —0.28u, + 2.541,— 0.26,,-u,= 0.0
~u, —0.251,,+ 2.541,,— 0.26,,~u = 0.0
~u, +2.541, - 0.25i,~u,,= 0.0

U, +2.541,,~ 0.251,,= 0.0
~u,,—0.261,,+ 2.54,,— 0.26,.= 0.0
~u,,-0.28u,,+ 2.541,,~ 0.26,,= 0.0

~u,,-0.251,.+ 2.541,,= 0.0:

Equation number (15) to (28) gives the system widalepresented by

AU =B
Where,
24 025 0 0 - 0 0 0 0 0 0 0 0 0 0 0
025 2% 025 0 0 -l 0 0 0 0 0 0 0 0 0 0
0 025 2% 025 0 0 -l 0 0 0 0 0 0 0 0 0
0 0 025 24 0 0 0 -l 0 0 0 0 0 0 0 0
-1 0 0 0 254 025 0 0 -1 0 0 0 0 0 0 0
0 -l 0 0025 24 025 0 0 -l 0 0 0 0 0 0
0 0 - 0 0 025 24 025 0 0 - 0 0 0 0 0
0 0 0 - 0 0 025 24 0 0 0 - 0 0 0 0
4= 0 0 0 0 - 0 0 0 2% 025 0 0 -1 0 0 0
0 0 0 0 0 -l 0 0025 254 025 0 0 -l 0 0
0 0 0 0 0 0 -l 0 0 025 24 025 0 0 - 0
0 0 0 0 0 0 0 -1 0 0 025 2M 0 0 0 -l
0 0 0 0 0 0 0 0 - 0 0 0 254 025 0 0
0 0 0 0 0 0 0 0 0 - 0 0 025 254 025 0
0 0 0 0 0 0 0 0 0 0 -l 0 0 025 254 025
0 0 0 0 0 0 0 0 0 0 0 - 0 0 025 254
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(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)



U 0.04
U, 0.04
U 0.04
u, 0.04
U 0.04
U 0.04
u, 0.04
U=|®| and B= 004
U 0.04
Uy, 0.04
U, 0.04
U, 0.04
Uy, 0.04
Uy, 0.04
U 0.04
Ug 0.04

Solve the given system by simply the inverse method
— a1l
ie U=A'B

We get the values for the nodesto U,

u =0.0517 u,= 0.0751 u, = 0.0751 u,= 0.0
u, =0.0650 u,= 0.0960 u,= 0.0960 u,= 0.0¢
u, =0.0650 u, = 0.0960 u,= 0.0960 u.= 0.0¢
u, =0.0517 u,= 0.0751 u,= 0.0751 ugs= 0.0%

Figure [3] to Figure [6] shows the 3D surface folusion of the problem from different sides.
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Value of the U from 0 to 0.1
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Figure 3

Value of the U from 0 fo 0.1
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Figure 4
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Value of the U from 0 fo 0.1

0.1

Figure 5

Value of the U from O to 0.1

Figure 6

CONCLUSIONS
Value of velocity component atx andy at different nodes or points are given in thediwihg table.

Table [1], we fix “X” and find the value of “U” fothe different value of “Y”. Whose graph is defingdthe
Figure [7].
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Table 1
Value at X
e 0.4 0.6 08
0 0 0 0 0 0 0
0.2 0 0.0517 0.0751 0.0751 0.051 0
0.4 0 0.065 0.096 0.096 0.065 0]
0.6 0 0.065 0.096 0.096 0.065 0]
0.8 0 0.0517 0.0751 0.0751 0.051 0
1 0 0 0 0 0 0
VALUE OF U AT X
0.12
0.1
0.08
D 0.06
0.04
0.02
0
0 0.2 0.4 0.6 0.8
X
Figure 7
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Table [2], we fix “Y” and find the value of “U” fothe different value of “X”. Whose graph is defingdthe

[cNeoNeoNe)

Figure [8].
Table 2
Value at Y

value of U =5—55"T"04 | 06 | 08

0 0 0 0 0 0
0.2 0 | 0.0517| 0.065] 0.068 0.0517
0.4 0 | 0.0751| 0.096] 0.096 0.0751
0.6 0 | 0.0751| 0.096] 0.096 0.0751
0.8 0 | 0.0517| 0.065] 0.068 0.0517

1 0 0 0 0 0
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VALUE OF UATY
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Figure 8

Here we can observe that the valudJoht different points of (X, Y) first increased, ob&d at maximum value
and then decreased. Whose graph becomes concavevemiy this can be shown in the above figures, rféigd] and
Figure [8]

Now we can more generalize the problem by makingeniteration and the solution is clear. For thatséd

MATLAB programming and get the nearest solutiothaf problem.
MATLAB PROGRAMME OF THE PROBLEM

Here | define the general MATLAB programming foethiven problem in which by guessing very smalpste
size (the value of andn), we get very small value &f andk. that means increasing the meshes gives the tangéer of

nodes (grid points). Also we can do the same ferdilfferent boundary and the result will be cleards.
The MATLAB programme of the problem is given by
Clc
Clear all

a=0;
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d=1,
k=0.01;
m=(d-c)./k;
al=0.5;
di=1.0;
u(1,1)=0;
for I=2:1:n+1
u(l,1)=0;
u(l,m+1)=0;
end
for p=2:1:m+1
u(1,p)=0;
u(n+1,p)=0;
end
for g=1:1:1000
for i=2:1:n
for j=2:1:m
u(i,)=(1./((2./h."2)+2.*(al.~2./k.~2)+d1.~2)). *{./h.2) . *(u(i-1,))+u(i+1,)))+(al.~2./k.~2).*(u(if1)+u(i,j+1))+1);
end
end
end
w=u;
surf(w)

This is the programme for the given problem in Wh{a, b) and (c, d) denotes the boundary pointthiemesh, n
and m is the number of mesh you taken which gives value of h and k means length between the guidtp

respectively. And boundary value also defined. Atese we assumed the value of @=and di=0 . ( Defines the

number of iteration, by taking large number ofateyn we get the nearer solution of the problemgiVs the final value

of the nodes, .

Now | take the large value of m=100 and n=100 giessmall value of h=0.01 and k=0.01 respectivéhis

gives the total 9801 nodes me&hn$0 Uyg,,,. Whose values are find using MATLAB. For that $@ution is defined in
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the following figure. Figure [9] shows the 2D- plor the solution of the problem. And Figure [16]Eigure [13] shows

the 3D surface for the solution of the problem.

Value of the U at x and v
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Value of the U from 0 to 0.1

“ r;“ \;"‘\:‘ R
!f ‘ ‘\ \\ AT
mm ﬂ’j‘\ i ‘\\\ T
,:,#;ﬂ,r,,,u il \\
Mu, ti
#,IHII i il ‘\\\
; im \ \\\11\\\\“..
N
1"3;;: i

\.‘;‘l

"Ff"r i ’
;ﬂmﬂwfm,,m A

SR \\“‘.‘l\\'

o
L
!

Figure 10

Index Copernicus Value: 3.0 — Articles can be semd editor.bestjournals@gmail.com



A Numerical Solution of Laminar Flow in Porus Mediawith Triangular
Duct by Finite difference Method With Matlab

Value of the U from 0 to 0.1
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Value of the U from 0 fo 0.1
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