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ABSTRA; !

The stilling basin is a common structure for dissipating the kinetic energy of flow and is often used to increase energy
dissipation in hydraulic jumps using sudden or gradual diverging basins downstream of structures such as spillways,
gates, and chutes. In this study, the hydraulic jump in a rectangular channel with a sudden divergence and the use of an
intersecting beam system as roughness to stabilize the asymmetric hydraulic jump was simulated in three dimensions
using Flow3D software. The characteristics of the hydraulic jump were investigated using three different configurations
of the intersecting beam system with variables including the distance of the beam system from the diverging section,
the angle of the beam system with the channel floor, the number and thickness of the beams at different percentages of
the reference tailwater depth (hs and 0.9hs, 0.8hs, 0.7hs). The results of numerical simulations, confirming the
experimental results of previous researchers, showed that the use of the intersecting beam system in all tested tailwater
depths leads to the stability and elimination of asymmetric waves and return flow in the asymmetric S-type jump and
significantly reduces the jump length. The maximum percentage reduction in the length of the asymmetric S-type
hydraulic jump using the simulated system was observed for configuration 3 and 0.9hs tailwater conditions at 78.02%.

ump characteristics in sudden expansion
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In examining the changes in the jump length and roller length also for the optimal configuration for a Froude number
of 9.5, which was measured using a 3D EMV velocity meter, it was found that the use of intersecting beams in all cases
of tailwater depth and configurations reduces the jump length. The trend of changes in the dimensionless length of the
basin (Lj/yt) as an indicator of length reduction as well as the roller length (Lr/yt) from 0.7hs to hs was decreasing in
such a way that on average, the dimensionless roller length in 0.7hs tailwater conditions with a value of 19.65 has the
highest and hs tailwater with a value of 11.63 has the lowest value and compared to the reference test value (without
the use of intersecting beam structures as roughness) for a Froude number of 9.5 showed a decrease of 54.77 and 73.23
percent, respectively.

Keywords: Cross beams, Energy loss, Expanding channels, Hydraulic jump, Stilling basin

EXTENDED ABSTRACT

Introduction

Method

When the high-speed flow collides with the water mass moving at loy speed, igh-
speed flow moves under the water mass, spreading and expanding towaxds the \@iater's
surface. This action causes turbulence and the appearagce of eddies Thei@# agg edties on
the surface of the water. In this case, the flow regime ch &Mritical state
to the subcritical state, associated with a sudden increase 1 er level and a
significant energy loss. Discrete jump or i e of the jump is
located between the divergent section chan oint that cuts the transverse
waves of the downstream channel wa jump is more like a jet and is
asymmetrical. The direction of its inclinatio e of the channel wall is completely

random and may lead to the left or r e to the destructive nature of this
phenomenon, in this research, a numerical mod@l has been used for the numerical study
of hydraulic jump, whose laborat tudies werBcarried out by Haji Ali Gol et al. (2021).
The main goal is to understand the raulic jJump mechanism in the sudden
expansion channel and to invgstigate ¢ effect of the crossbeam system as a roughness

for the control and®a ility of
| )

the for umber, height, and different distances of the beams (as variables) in the
stilli in of sudden expansion using Flow3D software. To carry out the numerical
simulatfon, the geometry of the laboratory model was drawn in the AutoCAD software
and then transferred as Stl to the Flow3D software environment. According to the
dimensions of the channel and the velocity of the flow, as well as the examination of the
experimental data of the previous simulations and the numerical studies of other
researchers about the subject of this research, the duration of the simulation of the flow
was conservatively considered to be 180 seconds. Then, it was observed that the flow
became stable in about 30 to 40 seconds after the start of the simulation, and the analyzed
parameters of the flow did not change significantly over time. Therefore, the duration of
the simulations was reduced to 60 seconds, and the results were recorded and checked at
this time. With trial and error, the optimal meshing was chosen so that, in addition to
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sufficient accuracy, the analysis duration was also acceptable. The conditions of the three
simulations, including the analysis time, initial and boundary conditions, and the
turbulence model, were considered the same, and the difference was only in the number
of mesh cells. In the simulations of this research, the RNG turbulence model was used.
Finally, to determine the accuracy of each of the simulations and choose the optimal
meshing, the indices of the adaptation coefficient, the average errors, and the square of
the average square of the errors were analyzed.

Results

Analyzing the results of numerical modeling according to what was stated fogthe use of
the RNG disturbance model, the water level profile was analyzed by examini flow
depth in the transverse and longitudinal sections of the flow in optim®&gonfiguralions.
Transverse sections were considered based on Haji Ali Gol's lab eas ents

(1401), for the width of 1 meter of the channel and at i hich were
done for all three optimal combinations of tests and pe depth of the
channel. Using cross beams, the longitudinal profile of t om the section
after the sudden expansion to the section 2 mairs after the l#®&m structure (in accordance
with the laboratory observations) was Its of modeling with Flow3D
software. The placement position of the ¢ em for C1 and C3 configuration

with P = 80 cm, between X/Y1 =8.34 ~
in X/Y1=1.26, It is ~ 58/7. Configuration 1
flow uniformity compared to C2 C3. This
of eddies in the space between the Deagas with

crease in depth is due to the movement
eater amount and more energy changes,

tailwater) Wyiigiie use"@Rgross DE@IS with the number of n=5, it can be seen that in the
conditions of ¥ (a th of tailwater) the flow lines after the effect of roughness

ce is controlled. In order to quantitatively check the length of the jump,
the r e jump length and roll length for the S-type asymmetric jump modeled in
Froummbers 7.4, 8.7, and 9.5 were analyzed based on the depth of tailwater (yt).
Increasing the Froude number increases the change process of both dimensionless
parameters under investigation. The results of the modeling are consistent with the
research results of Taghinia, Asghari Pari and Shafaei Bajestan (1400), Salami Asl et al.
(2018), and Touzandeh Jani and Kashfipour (2013). So, with the flow increase through
the spillway, the Froude number decreases, and the length of the jump and the roll
increase.
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Conclusions

In this research, the characteristics of hydraulic jump were investigated using different
configurations of the crossbeam system with different percentages of reference tailwater.
Investigating the three-dimensional velocity flow fields in the downstream channel of the
crossbeam system as an energy dissipation structure in optimal configurations and stable
variable conditions, the good ability of this structure in effective homogenization of flow
in channels with sudden expansion, even in the conditions of downstream water level
changes (hs) showed. The dimensionless changes of jump length (Lj/yt) and roller length
(Lr/yt) in comparison with different percentages of tailwater for using the beam roughness
system in controlling the asymmetric jump created in the sudden expansi@s, channel

shows Basically, using this range of structures in optimal configurations reduc jump
length. The maximum percentage reduction in the S-type asymmetri draulicljump
length using the simulated system was observed by 78.02% for comiy @ e and
the stable condition of 0.9hs. 9
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