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0.409 0.400 0.405 0.406 1.250 1.500
0.528 0.400 0.402 0.404 0.500 1.000
0.655 0.400 0.400 0.401 0.000 0.250
0.802 0.400 0.401 0.402 0.250 0.500
0.950 0.400 0.401 0.402 0.250 0.500
1.055 0.400 0.402 0.402 0.500 0.500
1.226 0.400 0.400 0.401 0.000 0.250
1.350 0.400 0.403 0.404 0.750 1.000
1.501 0.400 0.404 0.404 1.000 1.000
1.752 0.400 0.403 0.403 0.750 0.750
1.950 0.400 0.404 0.404 1.000 1.000
2.100 0.400 0.403 0.402 0.750 0.500
2.303 0.400 0.401 0.399 0.250 0.250
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2.395 0.400 0.399 0.397 0.250 0.750
2.446 0.395 0.396 0.395 0.253 0.000
2.474 0.391 0.395 0.394 0.946 0.690
2.502 0.388 0.394 0.393 1.468 1.210
2.550 0.384 0.392 0.390 1.977 1.457
2.600 0.383 0.390 0.388 1.934 1.411
2.655 0.385 0.389 0.387 1.091 0.572
2.689 0.388 0.391 0.387 0.851 0.181
2.750 0.394 0.392 0.391 0.482 0.736
2.795 0.399 0.394 0.395 1.204 0.953
2.870 0.400 0.395 0.394 1.250 1.500
2915 0.400 0.397 0.396 0.750 1.000
3.000 0.400 0.397 0.396 0.750 1.000
3.200 0.400 0.398 0.397 0.500 0.750
3.401 0.400 0.397 0.396 0.750 1.000
3.601 0.400 0.397 0.397 0.750 0.750
3.805 0.400 0.400 0.398 0.000 0.500
4.002 0.400 0.399 0.398 0.250 0.500
4.212 0.400 0.400 0.399 0.000 0.250
4.450 0.400 0.399 0.399 0.250 0.250
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x=-300mm glads jo 2okl g goae =l anlis F-F Joux

x=-300mm

z[mm] | y[mml]-lab ylmm]-numerical error
0.0 192.9 189.7 1.64

5.1 192.9 189.7 1.64

10.0 192.9 189.7 1.64

15.0 192.9 189.7 1.64

20.0 192.9 189.7 1.64
25.0 192.9 189.7 1.64
30.5 192.9 189.6 1.69
35.1 194.0 189.6 2.29
39.0 194.0 189.6 2.29
42.0 192.9 189.7 1.64
45.0 192.9 189.7 1.64
47.0 194.0 189.7 2.24
49.0 195.2 189.7 2.84
Uas (2 i 2.84

Oiles sla> 1.88
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x=-200, 0 mm glais o 2lKisle;l 5 goue s amslio 0-F Joo

x=-200mm
z[mm] | y[mm]-lab | y[mm]-numerical error
0.0 186.3 183.3 1.61
5.0 186.3 183.3 1.61
10.0 186.3 183.3 1.61
15.0 187.2 183.4 2.04
20.0 186.3 183.4 1.56
25.0 186.3 183.4 1.56
30.5 186.3 183.4 1.56
35.0 186.3 183.4 1.56
39.0 184.5 183.3 0.64
42.0 185.4 183.3 1.13
45.1 186.3 183.3 1.61
47.1 186.3 183.2 1.66
49.1 186.3 183.2 1.66
oz o o 2.04
s 0 Sole 1.52
x=0mm
z[mm] | y[mm]-lab y[mm]-numerical error
0.0 147.9 150.9 2.00
5.0 149.8 150.9 0.75
10.0 149.8 150.9 0.75
15.0 149.8 151 0.82
20.0 149.8 151.1 0.89
25.0 149.8 151.1 0.89
30.5 149.8 151.3 1.02
35.0 149.8 151.5 1.15
39.0 149.8 151.6 1.22
42.0 149.8 151.6 1.22
45.1 149.8 151.7 1.29
47.1 149.8 151.7 1.29
49.1 149.8 151.8 1.35
Uns o ey 2.00
Uas uS5leo 1.13

\of



ol dihie ;5 jou el Sl Loy e Job 50 Z adlge ) Con 13T s o0 L
25 e o Ve g0 U ol 1> Gee x=440mMm plaie 1o (ple Cewd yul dilaie) Sl 399
s & JUS B,k 50 (glo o)lgns 4y ol Soop b (Jg el ol Lo o JUKS (635 0 bas 8 )b

IS oS Ol ggog0 ol aiuldlyy g95u 5 (goas Jow a5 b o (ialdl b > Bes

s o ialei |y s oyl 0 F-F)

150
I 2N D Py Py Y ~l N AN~ A
125
O lab(x=200mm)
T 100 lab(x=440mm)
g 75 numerical(x=200mm)
> 50 numerical(x=440mm)
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25
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z[mm]

X=200, 440 mm aais )3 bz ooye Sy VF-F S5

x=200, 440 mm zlaso o 2Eislesl g goue s alie 7-F Joux

(x=200mm)

z[mm] | y[mml]-lab y[mm]-numerical error
0.0 138.5 137.3 0.91
5.0 137.8 137.3 0.40
10.1 138.5 137.2 0.92
15.1 138.5 137.2 0.93
20.0 138.5 137.2 0.94
25.0 139.2 137.2 1.45
30.6 138.5 137.2 0.97
35.0 137.8 137.1 0.51
39.0 137.8 136.9 0.63
42.1 137.8 136.7 0.79
45.0 137.8 136.4 1.04
47.0 137.1 135.8 0.94
49.0 136.4 135.1 0.93

oz o i 1.45
OSils (gl 0.87
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(x=440mm)

z[mm] | y[mm]-lab ylmm]-numerical error
0.0 26.6 23.3 12.26
5.0 25.8 23.4 9.43
10.1 26.6 23.5 11.50
15.1 27.3 23.7 13.10
20.0 27.3 24.3 10.90
25.0 28.0 24.9 11.04
30.6 28.0 26.2 6.40
35.0 29.4 30.2 -2.63
39.0 32.3 30.5 5.56
42.1 31.6 30.9 2.15
45.0 32.3 31.9 1.23
47.0 33.0 33.2 -0.56
49.0 35.2 34.5 1.90

oz (p e 13.10
oiles sl 6.33
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x=800 mm ghis ,o PEiolesl g goue s anlie V-F Jgoo

x=800mm

z[mm] | y[mml]-lab ylmm]-numerical error
0.0 29.3 27.2 7.06
5.1 29.3 27.2 7.12
10.1 29.3 27.3 6.96
15.0 29.3 27.5 6.31
20.0 30.7 28.1 8.50
25.0 30.7 28.4 7.57
30.5 31.2 28.9 7.22
35.1 31.2 29.2 6.29
39.0 30.7 29.7 3.38
42.1 30.7 29.9 2.70
45.0 30.7 30.0 2.33
47.1 30.7 30.0 2.19
49.0 32.1 30.1 6.30
oz oy i 8.50

Oiles sla> 5.69
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x[mm] | yimm]-lab | yimm] k—¢ | y[mm] k—w | error(k—¢) | error(k—m)
875 127 125 125 1.67 1.67
884 127 125 125 1.67 1.67
900 127 125 125 1.67 1.67
912 127 125 125 1.67 1.67
932 127 125 125 1.67 1.67
950 127 125 125 1.67 1.67
964 127 125 124 1.19 1.98
982 126 124 124 1.66 1.66
1002 125 122 122 2.13 2.13
1017 122 119 119 2.44 2.44
1032 119 116 116 2.26 2.26
1044 117 113 114 3.11 2.25
1060 114 111 111 2.24 2.24
1075 112 109 110 2.59 1.69
1082 112 109 109 241 2.41
1091 112 109 109 241 2.41
1098 111 108 109 3.12 2.23
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Abstract

Computers have been used to solve fluid flow problems for many years. Numerous
programs have been written to solve either specific problems, or specific classes of
problems. From the mid-1970's, the complex mathematics required to generalize the
algorithms began to be understood, and general purpose CFD solvers were
developed. Computational Fluid Dynamics is now an established industrial design
tool, helping to reduce design time scales and improve processes throughout the
engineering world. CFD provides a cost-effective and accurate alternative to scale
model testing, with variations on the simulation being performed quickly, offering
obvious advantages. ANSYS CFX is a general purpose Computational Fluid
Dynamics (CFD) software suite that combines an advanced solver with powerful pre-
and post-processing capabilities.

There are a number of different solution methods which are used in CFD codes. The
most common, and the one on which CFX is based, is known as the finite volume
technique. In this technique, the region of interest is divided into small sub-regions,
called control volumes. The equations are discretized and solved iteratively for each
control volume.

This study presents the results of numerical studies on a three-dimensional free-
surface channel flow over a bottom obstacle. Main interest is the capability of
commercial CFD codes to solve such problems. ANSYS CFX was used with its built
to solve two-phase flow models. The flow field is obtained by the Reynolds
Averaged Navier-Stokes (RANS) equations. The dynamics of the turbulence and
Reynolds stress is described by turbulent models. Also, The free surface has been
simulated by Volume Of Fluid technique (VOF).

The boundary conditions which were used to solve these cases, are as following:
Symmetric boundary condition

Wall boundary condition

Inlet boundary condition

Outlet boundary condition

Openning boundary condition

For validation of these models, two sets of experimental results were used. In the
first case, which was free surface profile over rectangular broad-crested weir,
numerical results were compared with experimental results of MD. Akhtaruzzaman,
Sarker and David G. Rhodes. In the second case, free surface profile and velocity
vectors were computed for several sections and numerical results were compared
with experimental results of M. Salih Kirkgoz, M. Sami Akoz, and A. Alper Oner.
The numerical simulation results were entirely consistent with experimental results.

Keywords: Computational Fluid Dynamics, obstacle, turbulent flow, numerical
modeling
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