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D(mm) W(mm) H(mm) D/W  Fluid T8 rep R R of .rep (MEq
Arendt et al. . Pitot
(1956) 4.57 9144 9144  0.005 Air tube 2.4 NA NA 53
Belatos and . Pitot
Rajaratnam (1956) 5.08 609.6 609.6  0.008 Air tube 2.7 10.8 NA 44
Morgan et al. 32to . q
(1976) 0.4 to7 152 NA 0.012 Water V-O 2.5 3-160 45 35
0.023 2.5 3-58 254 22
0.059 2.5 3-58 64 4
0.120 2.5 3-45 -d -
Lam (1991) 10 300 240 0.033 Water LDA 2.8 0.996 22'?)' 9 10
K"mg( ;‘ggf)‘edler 25 NA NA  NA  Air F-Vb 28 NA
Lam and Chan 2.5-
(1995) 10 300 400 0.033 Water F-V 2.4 0.99 13 15 15
Yolda and Fiedler 1.3- .
(1996) 5 300 300 0.017 Water LIF 2.8 0.986 10 NA 28
10 300 300 0.033 Water LIF 2.8 0.986 11'(3)_ NA® 15
Lam and Chan 2.5- £
(1997) 10 300 400 0.033 Water F-V 24 0.996 15 15 15
Lam and Chan 10 300 400 0.033 Water 27 NA  NA NA 15
(2002)
Present research 1.59 305 305 0.005 Water L2];)A 2.62  0.996 4-25 52 53
Present research 3.18 305 305 0.010 Water L2];)A 275 0992 1341 38 39.1
Present research 6.35 305 305 0.021  Water Lzl;)A 2.70  0.964 7-47 31 24.3
Present research 9.53 305 305 0.031 Water LZI;DA 292  0.821 3-29 12 16.5
Present research 12.70 305 305 0.042  Water LZI;:)A 2.82  0.945 5-27 10 10.4
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Sy o 1.0 Hhad b UK wlaseie F-Y Jgux

D(mm) | Uj(m/s) | Un(m/s) ki gj(m?/s?) kon em(m?/s?)
1 1.5 1.5359 | 0.407 | 0.008846 | 0.91144 | 0.000621 | 8.4799E-05
2 1.5 2.3703 0.44 | 0.021069 | 35002.3 | 0.000726 | 0.00010714
3 1.5 2.968 0.453 | 0.033034 | 57702.6 | 0.00077 | 0.00011692
4 1.5 3.3434 0.403 | 0.041919 | 40162.9 | 0.000609 | 8.2323E-05
5 1.5 4.0562 | 0.445 | 0.061698 | 78787.16 | 0.000743 | 0.00011084
6 1.5 6.6565 0.435 | 0.166159 | 19512.74 | 0.00071 | 0.00010353
7 1.5 9.2332 | 0.465 |0.319695 | 0133.198 | 0.000811 | 0.00012646
8 1.5 8.9326 | 0.412 | 0.299218 | 2962.179 | 0.000637 | 8.7963E-05
9 1.5 11.5199 | 0.425 | 0.497655 | 5773.384 | 0.000677 | 9.6555E-05
10 1.5 13.4405 | 0.445 | 0.677426 | 7786.610 | 0.000743 | 0.00011084
11 1.5 152013 | 0.424 | 0.866548 | 6488.883 | 0.000674 | 9.5875E-05
12 1.5 22,1276 | 0.418 | 1.836115 | 464.2725 | 0.000655 | 9.1862E-05
Sy sk ¥ k8 L LI lasin 0-Y Jouxr
Dnm) | Ui(m/s) | Unimss) ki gj(m*/s°) km Em(m?/s?)
1 3 5.7901 | 0.4225 | 0.12572 | 41551.24 | 0.000669 | 9.4861E-05
2 3 6.9119 0.416 | 0.179154 | 53363.41 | 0.000649 | 9.055E-05
3 3 8.0964 0.427 | 0.245819 | 75494.66 | 0.000684 | 9.7924E-05
4 3 9.6759 0.419 | 0.351086 | 9414.113 | 0.000658 | 9.2523E-05
5 3 10.98585 | 0.417 | 0.452583 | 7664.166 | 0.000652 | 9.1204E-05
6 3 12.3959 0.42 | 0.576219 | 5751.239 | 0.000662 | 9.3187E-05
7 3 14.546 | 0.4188 | 0.793448 | 1135.387 | 0.000658 | 9.2391E-05
8 3 16.2135 | 0.4206 | 0.985791 | 0902.536 | 0.000663 | 9.3587E-05
S sk 73 L JUI wlasin P-Y Jooxr
D(mm) | Uj(m/s) | Un(m/s) ki gi(m?/s°) km em(m?/s?)
1 6 2.9 0.39 0.031538 | 53381.1 | 0.00057 | 7.461E-05
2 6 3.5366 | 0.4227 | 0.046903 | 78186.2 | 0.00067 9.5E-05
3 6 47655 | 0.4225 | 0.085162 | 80617.6 | 0.000669 | 9.486E-05
4 6 5.9071 0.425 | 0.130852 | 96285.12 | 0.000677 | 9.655E-05
5 6 6.6592 | 0.4226 | 0.166294 | 57136.18 | 0.00067 | 9.493E-05
6 6 7.6287 | 0.4225 | 0.218239 | 92088.27 | 0.000669 | 9.486E-05
7 6 8.4576 | 0.4239 | 0.268241 | 04687.38 | 0.000674 | 9.581E-05
8 6 9.08 043 0.309174 | 07985.47 | 0.000693 0.0001
9 6 12.9996 | 0.4143 | 0.633711 | 1553.138 | 0.000644 | 8.944E-05
10 6 12.4522 | 0.4234 | 0.581465 | 4271.121 | 0.000672 | 9.547E-05
11 6 14.7265 | 0.4286 | 0.813262 | 852.200 | 0.000689 | 9.903E-05
12 6 19.9666 | 0.4211 | 1.494994 | 5989.500 | 0.000665 | 9.392E-05

TV




Sy b A 53 L UK Slaseie Y-Y Joo

D(mm) | Uj(m/s) | Un(m/s) ki i(m?/s°) kom em(m?/s?)
1 9 0.6491 | 0.2763 | 0.00158 | 0.01147 | 0.000286 | 2.653E-05
2 9 1.2725 | 0.3164 | 0.006072 | 0.08639 | 0.000375 | 3.984E-05
3 9 1.6457 | 0.3137 | 0.010156 | 0. 18687 | 0.000369 | 3.883E-05
4 9 2.6 0.42 0.02535 | 0.7369 | 0.000662 | 9.319E-05
) 9 2.15 0.3164 | 0.017334 | 0.41668 | 0.000375 | 3.984E-05
6 9 3.35 0.43 ]0.042084 | 57623.1 | 0.000693 | 0.0001
7 9 4.3 0.43 0.069338 | 33343.3 | 0.000693 0.0001
8 9 5.606 0.44 0.117852 | 38662.7 | 0.000726 | 0.0001071
9 9 7.5074 0.437 ]0.211354 | 74005.17 | 0.000716 | 0.000105
10 9 7.8552 | 0.438 |0.231391 | 32161.20 | 0.000719 | 0.0001057
11 9 9.8197 0.45 ]0.361599 | 69912.39 | 0.000759 | 0.0001146
12 9 11.7754 | 0.405 | 0.519975 | 45628.68 | 0.000615 | 8.356E-05
Gy o VY Hha8 b JUB lasie A-Y Jgur
D(mm) | Uj(m/s) | Un(m/s) ki &j(m?/s?) kom em(m?/s)
1 12 24612 | 0.4317 | 0.022716 | 0. 4688 0.000699 | 0.000101
2 12 3.1684 | 0.4364 | 0.037645 | 00016.1 | 0.000714 | 0.000105
3 12 3.4609 | 0.4334 | 0.044917 | 30351.1 | 0.000704 | 0.000102
4 12 4.5348 | 0.4378 | 0.077117 | 93239.2 | 0.000719 | 0.000106
5 12 6.1835 | 0.4344 | 0.143384 | 43448.7 | 0.000708 | 0.000103
6 12 7.9153 | 0.4348 | 0.234945 | 59372.15 | 0.000709 | 0.000103
7 12 9.927 0.4386 | 0.369545 | 76108.30 | 0.000721 | 0.000106
8 12 10.8979 | 0.4145 | 0.445366 | 69827.40 | 0.000644 | 8.96E-05
9 12 11.277 | 0.4149 | 0.47689 | 09499.45 | 0.000646 | 8.98E-05
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I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ / 0O peration | Version: 2.4.0 |
| \\ 7/ A nd | Web: www . OpenFOAM.org |
| \\/ M anipulation | ]
\* ___________________________________________________________________________ */
FoamFile
{

version 2.0;

format ascil;

class dictionary;

object blockMeshDict;

V7 i T T I I T Y /4

convertToMeters 0.01;

vertices

(
(0 0 0)
(0 14.7 0)
(0 15.3 0)
(0 30 0)
(0 014.7)
(0 14.7 14.7)
(0 15.3 14.7)
(0 30 14.7)
(0 0 15.3)
(0 14.7 15.3)
(0 15.3 15.3)
(0 30 15.3)
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(69 14.7 0)
(69 15.3 0)
(69 30 0)

(69 0 14.7)
(69 14.7 14.7)
(69 15.3 14.7)
(69 30 14.7)
(69 0 15.3)
(69 14.7 15.3)
(69 15.3 15.3)
(69 30 15.3)
(69 0 30)

(69 14.7 30)
(69 15.3 30)
(69 30 30)

);

blocks

(
hex (0 1
hex (1 2
hex (2 3
hex (4 5

54 16 17 21 20) (49 49 60) simpleGrading (1 1 1)
6 5 17 18 22 21) (2 49 60) simpleGrading (1 1 1)
7 6 18 19 23 22) (49 49 60) simpleGrading (1 1 1)
9 8 20 21 25 24) (49 2 60) simpleGrading (1 1 1)

hex (6 7 11 10 22 23 27 26) (49 2 60) simpleGrading (1 1 1)
hex (8 9 13 12 24 25 29 28) (49 49 60) simpleGrading (1 1 1)
hex (9 10 14 13 25 26 30 29) (2 49 60) simpleGrading (1 1 1)
hex (10 11 15 14
hex (16 17 21 20
hex (17 18 22 21
hex (18 19 23 22
hex (20 21 25 24
hex (21 22 26 25
hex (22 23 27 26
hex (24 25 29 28
hex (25 26 30 29
hex (26 27 31 30

);

edges
(
);

boundary

inletl

{
type patch;
faces

(

);

inlet2
{
type patch;
faces

36)
37)
38)
40)
41)
42)
44)
45)
46)

(21 22 26 25)

)
}
outlet

30)
36)
37)

(49 49 60) simpleGrading (1 1 1)
(49 49 170) simpleGrading (1 1 1)
(2 49 170) simpleGrading (1 1 1)
(49 49 170) simpleGrading (1 1 1)
(49 2 170) simpleGrading (1 1 1)
(2 2 170) simpleGrading (1 1 1)

(49 2 170) simpleGrading (1 1 1)
(49 49 170) simpleGrading (1 1 1)
(2 49 170) simpleGrading (1 1 1)
(49 49 170) simpleGrading (1 1 1)
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type patch;
faces

(

);

wall

{

5 4)

6 5)

7 6)

9 8)

11 10)
13 12)
(9 10 14 13)
(10 11 15 14)

~
N
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type wall;
faces

(

(0 16 20 4)
(16 32 36 20)
(4 20 24 8)
(20 36 40 24)
(8 24 28 12)
(24 40 44 28)
(0 1 17 16)
(16 17 33 32)
(1218 17)
(17 18 34 33)
(2 3 19 18)
(18 19 35 34)
(7 3 19 23)
(23 19 35 39)

(28 29 45 44)
(9 5 21 25)
(5 6 22 21)
(10 6 22 26)
(9 10 26 25)

mergePatchPairs

(C
);

//
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//
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ield | OpenFOAM: The Open Source CFD Toolbox
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I \\ / F |
| \\ / 0O peration | Version: 2.4.0 |
| \\ 7/ A nd | Web: www . OpenFOAM.org |
| \\/ M anipulation | ]
\* ___________________________________________________________________________ */
FoamFile
{

version 2.0;

format ascil;

class volVectorField;

object U;

V7 i T T I I T Y /4

dimensions [0O1-10000];

internalField uniform (0 O 0);

boundaryField
wall
{ ]
type fixedvalue;
value uniform (0 0 0);
¥
outlet
{ ]
type zeroGradient;
inlet2
{
type fixedVvalue;
value uniform (2.9 0 0);
}
inletl
{
type fixedValue;
value uniform (-0.39 0 0);
}
3
//
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I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
| \\ / 0 peration | Version: 2.4.0 |
| \\ 7/ A nd | Web: www . OpenFOAM.org |
| \\/ M anipulation | |
A */
FoamFile
{
version 2.0;
format ascil;
class volScalarField;
object p;

[/ KKK K K ok ok ok ok ok ok ok ok ok ok ok ok ok k ko k ok k k ok ok ok ok ok ok ok ok ok ok ok ok ok JY

dimensions [0 2 -2 00 0 0];
internalField uniform 0;
boundaryField

wall

{
Y¥

//



type zeroGradient;

outlet
{
type fixedVvalue;
value uniform 0O;
}
inlet2
{
type zeroGradient;
inletl
{
type zeroGradient;
}
b
//
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| \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
| \\ / 0 peration | Version: 2.4.0
| \\ 7/ A nd | Web: www .OpenFOAM.org
| \\/ M anipulation |
A
FoamFile
{
version 2.0;
format ascili;
class volScalarField;
location "o";
object k;

[/ K KK K Kk k k ok ok ok ok ok ok ok ok ok ok ko k ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok

dimensions [02-20000];
internalField uniform 0.00057;

boundaryField

{
wall
{ ]
type kgRWal IFunction;
value uniform 0.00057;
outlet
{
type zeroGradient;
inlet2
{
type fixedVvalue;
value uniform 0.031538;
inletl
{
type fixedvalue;
value uniform 0.00057;
}
¥
//
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|
| \\ / F |
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A */
FoamFile
{
version 2.0;
format ascil;
class volScalarField;
location "0
object epsilon;
//*************************************//
dimensions [02 -300 0 0];
internalField uniform 0.00007461;
boundaryField
{
wall
{
type zeroGradient;
outlet
{
type zeroGradient;
inlet2
{
type fixedvalue;
value uniform 1.53381;
3
inletl
{ ]
type fixedVvalue;
value uniform 0.00007461;
}
3
// //
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Abstract

Jets appear in various forms in the nature. Inverse jets have been appeared
as turbulent flows in the places where the river enters into the delta. The
purpose of this research is the numerical investigation of the penetration
length of an Inverted jets penetrated into a square- shaped and closed
channel, since the numerical investigation of jet has been performed broadly
using several software. In 2002, a test have been performed in which a
rectangular channel with a known length with steady flow into which a pipe
is inserted against the flow so that the outgoing flow is entered into the fluid
environment as a jet flow, The purpose of this test was to show that the
penetration rate of the circular jet is varying with different speeds and
different diameters of the nozzles. That finally leads to get the permeability
coefficient. So we can compare the numerical model and laboratorial model.
The test model is a rectangular channel (30cm % 30cm) with a length of
120cm in which a pipe with a length of 18cm inserted. As the steady speed
of the fluid in the channel (water) is constant, the jets enter into the channel
with 5 different diameters (1.5, 3, 6, 9 and 12 mm) each of which has
different speed. Then they are numerically modelled with OpenFOAM
software and the standard model of k-¢ has been used to solve the turbulence
equations. The results show a permeability coefficient as 2.65.

Keywords:

Turbulent flow, reverse jet, jet circular, OpenFOAM.
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