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Fig. 1. Flow current regimes from successive rough elements,
a) type d, b) Intermediate limit, c) type k [6]
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Fig. 2.The location of the triangular rough elements of the
laboratory model [20]
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Depth Q Channel Height of Distance
of flow  (lit/s) width  triangular  to the

(m) (m) elements axis of
(m) the axis
elements
(m)
0.4 32 0.6 0.015 0.1

Table.1. Geometric and Hydraulic Properties

of Reference Laboratory[20]
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% size size size No
for the forthe for the
block block block
6 5 4
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9.58 20 10 7 Mesh 1
6.84 15 9 6 Mesh 2
3.71 10 7 5 Mesh 3
2.56 9 6 4 Mesh 4

Tabel.3. Error percent of different meshing for deep average
velocity
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Fig. 3. Geometry of simulated model in Flow-3D software
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Free Floor Channel  Channel

surface andwall  output input

of the
channel

Symmetry wall Specified Volume
pressure flow rate

H=0.4 Q=32

(m) (lit/s)

Table.2. Boundary condition of simulated model in Flow-3D
software
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Average error
percentage (%0)
3.71
9.94

Comparison of average
flow velocity
On roughness
The distance between
roughness

Table.4. The mean error of the mean flow velocity in the
present study with the referred experimental model

o ARG Sl 4 5 L e gl 0 Sy
Average W ) W) (u,)., Location
error (cm/s)  (em/s) (emls)  (cm/s) (m)
percentag [20] [20]
e (%)
6.58 1.065 1.14 13.02 13.33 xX=4
6.86 095 102 13.02 1333 x=5
5.67 0915 097 13.02 1333 X=6

Tabel.5. Comparison of shear velocity according to reffered
laboratory calculate
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Fig. 5. Specifications of rough element examined in

(m)
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Fig. 7. Displays the contours formed by the effect of the
turbulence intensity at a distance of x=5 (m) from the channel
entrance for different roughness forms
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different roughness forms
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Abstract

It is important in Hydraulic and river engineering to estimate the mean velocity and turbulence intensity to identify the
presence of secondary currents, its shape and position. The flow of channels consists of three conponents of velocity,
one component in the direction of flow and two components in the transverse direction of the channel. Due to the
heterogeneity of the velocity fluctuations, a series of vortex vortices in the channel section to be formed which is called
secondary currents cells. The secondary currents are dependent on factors such as bed roughness, channel slope and
shear stress. The present study investigates the effect of bed roughness form on the pattern of secondary currents with
numerical modeling in Flow-3D software by using RNG turbulent model. This research has been carried out according
to the data of the Negara laboratory model carried out at the Hydraulic Laboratory of Singapore National University. In
the results obtained from the mean velocity profile, the mean error for triangular roughness trough was 9.94% and for
roughness crest was 3.71%. in the case of shear velocity, the error for triangular roughness was obtained at three cross
sections x=4, x=5 and x=6 respectively 6.58%, 6.86% and 5.67% which demonstrates the good fit of the numerical
model results with the reference laboratory model. The flow conditions in the channel were designed and studied for
three types (rectangular roughness, trapezoidal roughness with an internal angle of 80 degrees and trapezoidal
roughness with an internal angle of 55 degrees) of roughness that are most used in hydraulic structures. The results of
the study on the turbulence intensity, secondary currents and turbulence kinetic energy showed the effect of trapezoidal
roughness with an internal angle of 55 degrees relative to the other two forms of roughness. The difference in the
turbulence intensity in trapezoidal roughness with an internal angle of 55 degrees relative to a triangular roughness at a
height of 0.1 meter from the channel bed was obtained at about 4.54%, which is affected by a sharp roughness. The
location of the center of the contour nucleus begins in the depth of about 0.2 meters, due to channel size B/H=1.5 of
less than 5, the channel is narrow and justifies the presence of vortices in the middle. On the other hand, the tendency of
cells to the left and right walls of the canal is also affected by roughness geometry with also different from the
deformation of the location of these cells. In trapezoidal roughness with an internal angle of 55 degrees, there is a
tendency to both walls. The turbulence kinetic energy contour with the center of the nucleus begins at the roughness
crest with an approximate value of 0.0002 for all roughness, but its location is different in relation to the roughness
geometry. In fact, the turbulence kinetic energy is the effect of oscillating velocity components that the existence of
external rotations is the effect of the redistribution of energy by velocity tensor, which is responsible for the formation
of secondary current cells.

Keyword: Secondary currents, Roughness form, Turbulence intensity, Turbulence kinetic energy, Flow-3D
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