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Avrticle type: Objective: The main goal is to understand better the hydraulic jump mechanism in the

Research Article sudden expansion channel and investigate the cross-beam system's effect as a roughness
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?g;silable online 25 March This type of jump generates wave impacts that cause flume bed and wall erosion. The

simulation was conducted three-dimensionally using the Flow-3D software. The
hydraulic jump characteristics were examined by analyzing the velocity at the bed and

Keywords: evaluating three different configurations of the cross-beam system. Variables included the

energy Dissipation, distance of the beam system from the diverging section, the angle of the beams relative to

hydraulic Jump, the channel bed, and the number and thickness of the beams at various percentages of the
reference tailwater depth.

cross Beam,

flow-3D Model, Results: The results of the numerical simulations, validated by experimental data,

demonstrated that using a floor roughness system with cross-beams in various numbers
and angles—after optimizing the configuration using velocity coefficient relationships—
stabilized and eliminated asymmetric waves and reverse flow in the S-type hydraulic jump
across all tested tailwater depths. The cross-beam roughness system also resulted in the
highest relative energy loss for configurations 1, 2, and 3, calculated at 36.06%, 74.67%,
and 78.6%, respectively, across different sections and tailwater depths. In analyzing the
water surface profile for the three cross-beam configurations, configuration 1 (C1)
exhibited a more uniform distribution of flow depth in the channel's cross-section,
particularly in the sections 0.3 to 2 meters from the end of the structural system. For the
total hydraulic head (THH) and the energy dissipation endpoint (or hydraulic jump,
j*I'j*T) in configuration C1, this point was identified after the third beam (N=5). The flow
extended with concentrated lines after passing over and under the beams.

asymmetric wave.

Conclusions: Based on the total hydraulic head index and energy dissipation control,
configuration C1 demonstrated superior capability in controlling energy dissipation
within the structural system before the flow exited the cross-beam roughness system.
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Introduction

Stilling basins are hydraulic structures designed to dissipate the kinetic energy of flow at the
downstream end of spillways, gates, rapids, and other flow control structures. diverging basins
are commonly used downstream of these structures To enhance energy dissipation in hydraulic
jumps. Various methods have been employed to stabilize asymmetric hydraulic jumps. The
performance of rough elements, such as sills, bed roughness, blocks, etc., has been investigated
for increasing energy dissipation with various objectives, including reducing the stilling basin's
length and project costs.

Energy Dissipation in Hydraulic Structures: Water is often released through spillways at high
velocities during flood events, carrying significant Kinetic energy. If this energy is not
adequately controlled, it can cause erosion, structural damage, and other safety concerns
downstream. Hydraulic structures, such as stilling basins, are designed to dissipate this energy
safely. The efficiency of these structures depends on various factors, including the geometry of
the spillway, the flow rate, and the tailwater conditions. Role of Hydraulic Jumps: A hydraulic
jump is a phenomenon where high-velocity, supercritical flow transitions to low-velocity,
subcritical flow. This transition results in significant energy dissipation through turbulence and
mixing.

However, the length of the hydraulic jump is a critical design parameter. Longer jumps
require larger stilling basins, which increase construction costs and space requirements.
Challenges with Flatbed Hydraulic Jumps: On a flatbed, hydraulic jumps are longer, making
them less economical for stilling basins downstream of spillways, especially ogee spillways
commonly used in dams. To address this, engineers often incorporate appurtenances such as
baffle blocks, sills, or roughened beds to shorten the jump length and enhance energy
dissipation. Importance of Research and Optimization: Studies by researchers such as Sajadi et
al. (2024), Fathi Moghadam et al. (2024), and Ahadian et al. (2022, 2024) have contributed to
a better understanding of the physical mechanisms governing hydraulic jumps and energy
dissipation. Their work highlights the importance of optimizing stilling basin designs to balance
performance and cost, particularly in large-scale projects like dam spillways.

Method

This research aims to numerically investigate the S-type asymmetric jump control by using
the system of crossed beams as a type of roughness with specific distributions in the form of
the number, height, and different distances of the beams (as variables) in the stilling basin of
sudden expansion using Flow-3D software. The geometry of the laboratory model was drawn
in the AutoCAD software and then transferred as Stl to the Flow-3D software environment to
carry out numerical simulation. 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 concerning 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 with 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 the analysis
duration is also acceptable in addition to sufficient accuracy. 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
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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 for the use of the
RNG disturbance model, the water level profile was analyzed by examining the flow depth in
the transverse and longitudinal sections of the flow in optimal configurations. Transverse
sections were considered based on the laboratory measurements (Hajialigol et al. 2021) for the
width of 1 meter of the channel and at intervals of 0.1 meter, which were done for all three
optimal combinations of tests and percentages of the depth of the channel. Using cross beams,
the longitudinal profile of the flow depth from the section after the sudden expansion to the
section 2 meters after the beam structure (following the laboratory observations) was drawn
using the results of modeling with Flow3D software. The placement position of the cross-beam
system for C1 and C3 configuration with P = 80 cm, between X/Y1 = 8.34 ~ 4.67, and for C2
configuration with P = 60 cm in X/Y1 = 1.26 It is ~ 58/7. Configuration 1 (C1) shows a low
depth change and more flow uniformity than C2 and C3. This decrease in depth is due to the
movement of eddies in the space between the beams with a greater amount and more energy
changes, and as a result, higher wear and tear and exit with a more even flow. Based on the
velocity outputs in configuration one and the depth of the tailwater from hs 0.7 to hs (height of
tailwater) with the use of cross beams with the number of n=5, it can be seen that in the
conditions of hs (actual depth of tailwater) the flow lines after the effect of roughness (beams)
closer to each other and according to the flow conditions after the structures, by forming eddies
with a smaller wavelength between the spillway legs and finally the third beam, the turbulence
is controlled. To quantitatively check the length of the jump, the jump length and roll length
results for the S-type asymmetric jump modeled in Froude numbers of 7.4, 8.7 and 9.5 were
analyzed based on the tailwater depth (yt). Increasing the Froude number increases the change
process of both dimensionless parameters under investigation. The modeling results are
consistent with the research results of Taghinia et al. (2021). So, with the flow increase through
the spillway, the Froude number decreases, and the length of the jump and the roll increase.

Conclusions
The effective parameters in hydraulic jump control were investigated by using different

structural configurations consisting of cross beams with different percentages of tailwater
depth. The results of the numerical simulations, confirming the laboratory results, showed the
use of the bed roughness system using cross beams in different numbers and angles and after
obtaining the optimal configurations using the relationships of the velocity coefficients in all
depths of the case. The test ensures the stability and removal of asymmetric waves and reverses
flow in the S-type asymmetric jump. In the check of jump control, the maximum percentage
reduction in the length of S-type asymmetric hydraulic jump by using the simulated system was
observed by 78.02% for configuration three and stable condition 0.9hs. The highest relative
energy loss in the tested sections and depths of the tailwater for 3configuration was calculated
as 36.06, 74.67, and 78.6 percent, respectively. Compared to the reference conditions, without
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using the beam structure as a roughness, it causes more energy loss and, as a result, reduces the
length of the stilling basin.
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Configuration 1: P=0.8 m, N=5, 6=11°, hy=0.05m.

Configuration 2: P=0.6 m, N=3, 6=11°, hb=0.07m.

Configuration 3: P=0.8 m, N=3, 6=15°, hb=0.05m.
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