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Abstract: Intense pressure and velocity oscillations, as well as extensive 

air entrainment, make the investigation of the hydraulic leap created in 

stilling basins very difficult. Its intricacy, coupled with the real-world need 

for stilling basins to dissipate energy, puts physical modelling front and 

center. Despite stilling basins' essential role in engineering, bibliographic 

research has often focused primarily on the more familiar case of the 

classical hydraulic leap. Thus, a physical model of a typical USBR II 

stilling basin was used to investigate the features of the hydraulic leap in 

this work. Under this framework, the model investigated the hydraulic 

jump's free surface profile and velocity distribution. A series of 

experiments were conducted to compare the efficacy of modern tools like 

the time-of-flight camera with that of more conventional ones like the 

Pitot tube. Notwithstanding some of the stated constraints, the findings 

demonstrated a good depiction of the free sample surface and the velocity 

distribution. In addition, the used instruments demonstrated the substantial 

impact the energy dissipation devices had on the flow parameters. In 

comparison to traditional hydraulic leaps, significant variations in 

hydraulic jump form and maximum velocity locations within recorded 

vertical profiles were discovered. 

Keywords: velocity profile, physical model, and USBR II stilling basin 

 

Introduction 

This study use hydraulic structures to examine sediment dynamics and hydraulic movements 

inside a managed reservoir. Typically, three-dimensional flow patterns that are very turbulent 

surround hydraulic structures. In addition, a two-dimensional (2-D), depth-averaged 

numerical model is insufficient for regions with considerable changes in sediment 

concentration along the contour, such as those near intakes and sluice gates. In order to 

comprehend the impact of hydraulic structures on hydrodynamic, sediment transport, and 

morphological changes in managed reservoirs, a three-dimensional analysis of these 

phenomena is often necessary. This research aims to enhance an analytical or numerical (3-

D) framework and propose a mathematical scheme to start predicting bed level changes near 

earth dams, where factors like complex geometry, flow pattern, downdrafts, and sediment 

density distribution have a major effect on simulation results. [1]. 

This study is an example of an application study, in which mathematical knowledge is used to 

create an accurate simulation of a natural process. Both physical and numerical models are 

employed in the construction of a genuine, sophisticated water controlled reservoir. In order 

to learn more about the aforementioned processes, physical models are still commonly 

employed today. In general, physical models are time-consuming to build and resource-

intensive to maintain, especially at larger scales. For the future of the controlled reservoir's 
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functioning, we'll be using numerical models for their ability to evaluate situations that would 

be impossible to test in a physical model. In addition, the project's budget may be lowered 

and further alternatives explored. When water moving at high speeds (supercritical flow) 

discharges into an area of lower speeds (subcritical flow), a phenomena known as a hydraulic 

leap occurs, causing a relatively sudden increase in velocity the top of the ocean. Significant 

energy loss, air entrainment, surface waves, and spray are all results of hydraulic leaps[2]. 

The extra kinetic energy is dissipated or reduced by the hydraulic jump's energy dissipator 

function. Once the flow reaches the downstream channel, it has been calmed using a variety 

of energy dissipation devices. These techniques are used to mitigate the effects of scour 

below overflow spillways, chutes, and sluices by transforming the kinetic energy of flow into 

potential energy. Energy dissipators are designed using hydraulic information gleaned from 

model experiments. For a certain range of Froude numbers, we can determine the size of the 

stilling basins[3-4]. 

While the hydraulic leaps are more effective as free jumps, there are times when they are 

unable to be used because of differences in the depth of the tail water. So, the stilling basin's 

projected operating Froude numbers must be estimated based on the basin's predicted size 

and accessories[5]. Several scholars have studied hydraulic jump and energy dissipators in a 

stilling basin in the past. In addition, prior research has mostly analyzed hydraulic jumps on 

both smooth and uneven surfaces. The experimental studies of drag force (FD) operating on 

sills and baffles in open channels, with a focus on free and submerged hydraulic leaps on 

smooth and bumpy bed surface (artificial grass). Due to a rise in the depth of the tail water, 

the hydraulic leaps may include both types of landings. Vegetation grows, making the 

channel bed uneven[6-8].  

The jump's behavior must be studied in both surface- and depth-water circumstances, on both 

smooth and uneven beds.The stilling basin's sills and baffles hold the leap in place and 

prevent it from spreading.For both free and submerged flows, the drag force acting on sills 

and baffles must be calculated[9]. The drag coefficient is a measure of the force of drag. 

Surface currents of varying sizes and lifetimes emerge in a turbulent flow and engage in 

complicated dynamical interactions. It comes as no surprise that a sizable body of research 

has focused on the prevention and enhancement of turbulence for use in engineering 

applications.Much time and energy is spent on developing numerical approaches to capture 

the major impacts linked to turbulence in research. The techniques may be broken down into 

the three categories below[10].. 

Turbulence models for Reynolds-averaged Navier-Stokes (RANS) equation 

The model and the Reynolds stress model are two of the most well-known classical 

turbulence models that account for these ancillary components. During the past three decades, 

this method has been the standard for engineering flow calculations while only requiring 

moderate computer resources to achieve reasonable accuracy[11]. 

Large eddy simulation: This method of calculating turbulence is an intermediate step in 

determining how huge eddies behave. The unstable Navier-Stokes equations are space-
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filtered before being used in the calculations, such that only the big eddies are used.Sub-grid 

scale models account for the impact of the 12 smallest, unresolved eddies on the resolved 

flow (mean flow plus big eddies).While (as of this writing) this method is only beginning to 

tackle CFD issues with complicated geometry, the requirements for computational resources 

in terms of storage and volume of computations are high due to the need to solve unsteady 

flow equations[12.-13] 

Literature Review 

Ivo Baselt, et.al 2021 When totally submerged by overflowing water, ring meshes arranged 

vertically act as barriers against explosive hazards. Surface Structure Imaging Velocimetry 

was used to estimate the flow rate across the structures, and the water layer thickness was 

calculated by factoring in discharges between 1.0 and 4.5 L/s. With lesser discharges, the 

water moves through over the mesh to generate surface surges. With larger flows, the surges 

vanish and are replaced by simple water curtains. A theoretical method for describing the 

flow dynamics was developed using a momentum balance equation. The free parameters 

were examined and compared with experimental data, including the machined surface of the 

metal plates and also the deflection angle at the rings. The primary result of this research was 

that for any given discharge, the thickness of the water rose linearly from 1.0 to 4.6 mm, but 

the flow velocity stayed constant at w0.54 m/s. Thus, rings should be provided with the 

maximum discharge to accomplish the best attenuation of blast wave dangers feasible. 

Christopher Valela et.al 2021 Due to its tendency to erode pier foundations, bridge scour is 

a serious problem for public safety or riverine communities. As an upgrade to the standard 

Flat Plate Collar, a new collar style is presented (FPC). The riverbed near the pier's footing is 

shielded from the passing rapid flow thanks to the collar's three-dimensional design, which 

also serves to confine the horseshoe vortex and safely direct it downstream. This prevents the 

riverbed from being subjected to high shear loads, which significantly lessens scour. We used 

OpenFOAM (CFD) software and conducted experimental experiments to iteratively refine 

the collar design. Shapes for the collars were optimized by numerical testing and iteration. 

The next step included building and testing an FPC and physical replica of the new collar. 

The collar has been shown to minimize scour more than an FPC, but it still needs work to 

become a practical scour remedy. 

Maoxing Wei et.al 2020 In this study, we provide findings from a comprehensive statistical 

analysis of experimental data for three hydraulic leaps in a narrow flume at low Froude 

numbers (1.5-1.9). The undular behavior of the three produced leaps increases at first and 

subsequently decreases as the Froude number rises. Particle image velocimetry (PIV) is a 

method for measuring turbulent velocity fields with great spatial and temporal resolution. The 

free surface profile of the undular leap may be calculated by carefully evaluating the correct 

velocity vectors from the PIV observations. The pressure fluctuation along the undulating 

streamlines provides a visual representation of the undulating flow patterns, which are in turn 

understood in terms of the redistribution of velocity between consecutive crests and troughs. 

 

https://ascelibrary.org/author/Valela%2C+Christopher
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Methodology 

Both of the study's foci are addressed via its technique. The first goal involves the flow field 

during both the free and underwater leaps. Three-dimensional acoustic Doppler velocity 

(ADV) measurements were taken utilizing a manually traversed device[14]. Drag force 

measurements on sill and baffle blocks constitute the second aim. Strain-gauge force balances 

were calibrated to quantify these drag forces (load cell). Figure 1 depicts the methodology's 

flowchart. Bed level changes in rivers, reservoirs, estuaries, and other bodies of water where 

fluid flows interact with sediments fluxes are at the heart of morphodynamics.Coupling 

between a hydrodynamic model, a geological model, and a Models of bed level change and 

sediment transport may be used to represent the dynamic equilibrium between sediment 

volume and its redistribution through time[.  

It is frequently required to explore these processes in three dimensions when modeling 

reservoirs and rivers in order to understand the influence of hydraulic structures on the 

hydrodynamic and sediment transport processes and morphological changes. The primary 

objective of this study is to provide a system for calculating bed-level changes around 

hydraulic structures, where such factors as complicated shape, flow pattern, and sediment 

concentration distribution have a significant impact on simulation results. 

To this day, physical models remain a vital resource for studying these processes. In general, 

physical models are time-consuming to build and resource-intensive to maintain, especially at 

larger scales. The advantages of using a numerical model include the ability to save money 

and time and to explore a wider range of possibilities than would be possible with a physical 

model as shown in figure 2 and figure 3 

         

Figure 1. Methodology for the velocity distribution 
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Figure 2. Velocity reading recorded in Vectrino plus software 

 

Figure 3 Velocity Signal Analyzer software (De-spiking velocity readings) 
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Table 1 Experiments for the present study on velocity distribution and drag              

characteristics 

 

The precise methodological framework for the goals was developed in this paper. Next, the 

specifics of the experiment were described, including the Froude number ranges tested and 

the instruments used to take the readings. Table 1 depicted the experimental values . 

Conclusion 

The purpose of this research was to examine the flow characteristics after a hydraulic 

construction using a 3D model. First, the reliability of the analytical framework was 

established and by contrasting the findings of the study with those of the field discharge 

experiments. The flow characteristics of the downstream hydraulic structures were then 

determined by applying different boundary conditions and gate operating circumstances to 

the analytical model that had already been confirmed. 
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