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Abstract. For multi-section drainage facilities, it is important to develop 
operational measures based on maneuvering moving barriers. Maneuvering 
of moving barriers is a measure that carries out the flow of water from the 
upper reaches to the lower reaches at the required level, taking into 
accounts the design features and operational mode of the hydraulic regime 
of the drainage structure. The maneuvering mode in the flow of water from 
the discharge structures ensures the order of opening, phasing, and level of 
opening of these movable barriers. Hydraulic conditions are associated 
with the effective control of the hydraulic regime in the lower part of the 
drainage structure or the suppression of excess kinetic energy, the reversal 
of the flow, or the prevention of post-riser deformation processes. Creating 
conditions ensuring that the hydrotechnical and hydropower construction 
of the water transfer or discharge facility is adapted for use in conjunction 
with a hydropower plant, water intake, sluices, and flow control system. 

1 Introduction 

At present, it is especially important to conduct targeted research aimed at the development 
of scientifically based calculation methods for quenching the kinetic energy of water flow 
in water discharge facilities, the selection of flow energy quenching structures, the 
elimination of water flow inversion [1-6]. In this regard, it is important to determine the 
relative magnitudes of the calculated dynamics of the critical parameters of the flow in the 
drainage facilities, the location of water flow energy extinguishers, and the development of 
design solutions. At the same time, one of the important tasks is to select design solutions 
for quenching the kinetic energy of water flow in water discharge facilities, to determine 
the hydrodynamic stresses of water flow to lower basin structures, to conduct new 
experimental research on water connection and discharge structures and to conduct 
scientifically based calculation methods [7-14]. 

In this regard, the water reservoirs of water to remove the bottom of the facilities befit 
the structure of the soil structure, taking into account the flow of water and energy and 
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small distances, repayment of the fall of the water flow the application of measures to 
prevent abuse, the level of reliability and lifetime of the structure of the building had major 
improvements in dissipation energy designs today is one of the important functions. 

2 Methods 

In the practice of operation of existing hydraulic and hydropower facilities, although the 
drainage facilities have a relatively simple design, their physical modeling is carried out on 
a large scale due to the high level of reliability of the structure [1, 2]. 

The water flow has a free surface on which gravity and friction forces play an important 
role. When building an experimental device, its compactness and small size make it 
cheaper. However, its shrinkage increases the effect of surface tension and friction forces 
on the water flow movement. In order to overcome this problem, it is required that the scale 
coefficient be 50-60, the value of the coefficient of flow rate in the water pipe be less than 
5%, the water flow rate is higher than 6.5 mm, and the smoothness of the surfaces on which 
the water flows. Experimental laboratory studies conducted under these conditions provide 
accurate results for practice when water flows through a culvert from a discharge facility [3, 
4]. In the physical modeling of hydraulic phenomena, it is expedient to fulfill the conditions 
of geometric similarity, the similarity of initial and boundary conditions, dynamic and 
kinematic similarity laws corresponding to the forces involved in the formation of the flow 
[15-18]. 

Results and Discussion 

Numerous experimental and theoretical studies conducted by the researchers have come to 
the following general conclusions on the basis of the process of external hydraulic jump at 
the pound connection [19-23]: 

 it is recommended that the drainage facilities, which will be connected to the surface 
in the form of external hydraulic jumps, be constructed in places where the riverbed 
consists of unwashed rocks; 

 It can be constructed even for non-rocky dams where the pound joints are 
sufficiently calculated, and the lower pound reinforcement structures have a high degree of 
reliability, even in the appearance of a hydraulic jump. 

At the same time, the shortcomings of the dams, where the connection of the pounds of 
this type takes place, have also been identified. One of the main drawbacks is that the 
appearance of the hydraulic jump consists of several types, the flow in the lower part of the 
structure changes the depth in a very small range, and it is recognized that all types of 
external hydraulic jumps occur in this range. The following main conclusions were drawn: 

 several manifestations of the combined hydraulic jump occur at the bef connection, 
and the efficiency is much lower than at the bef connection at the bottom of the stream; 

 in the form of an external hydraulic jump, the length of the contact area is longer 
than when descending along the bottom of the channel when the pounds are connected, and 
the excess kinetic energy is more attenuated at the connection along the bottom of the 
channel; 

 the water level oscillations when the bays are connected in the form of external 
hydraulic jumps are much higher than when connected to the bottom of the basin, resulting 
in reduced energy production efficiency in hydropower plants and increased coastal 
washing intensity in the lower bays; 

 the efficiency of power extinguishers built in the lower reaches of the drainage 
system is low, and the implementation of external connection in the form of external 
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hydraulic jumps reduces the operating mode and does not give the expected result in 
operation [5-8]. 

By analyzing the hydraulic regimes of the structural elements and forms of the external 
pound connection in the form of an external hydraulic jump, we selected the following 
options for experimental studies: 

We are researching a water disposal facility with a multi-section practical profile water 
pipe. In this construction, we study the hydraulic parameters and dynamics of the flow state 
at different water flows of the flow. We named the study series ES №1 (Figure 1). 

 

  
Fig. 1. The ES-1 series is a drainage facility 
where experimental studies have been 
conducted. 

Fig. 2. The ES-2 series is a drainage facility 
where experimental studies have been conducted. 

In our next phase of research, energy quenching with wall-to-wall barriers in the movement 
of water flow was carried out along the drainage structure. In this case, depending on the 
size and location of the barrier walls, the dynamics of movement of the water flow in the 
short channel and the dynamics of extinction in the field, and the area of excess kinetic 
energy to the pounds junction were studied. We named the study series ES №2 (Figure 2). 

In determining the size of the structural elements in the study, we used the results of the 
work of scientists who conducted field, laboratory, and theoretical research in this area [9-
13]. A detailed analysis of the recognized studies provided an opportunity to determine 
the relative height 𝑐𝑐ℎ = 0.67 or 𝑐𝑐𝑃𝑃 = 0.31 as of the barrier wall in the final area of the 
structure. Where: c is the height of the barrier wall; h is the critical depth of flow; P is the 
height of the platform from the roof of the lower pound. 

The view of the connection area at the bottom of the drainage structure was adopted 
according to the following schemes. 

At the beginning of the study, the kinematic structure of the flow and the range of 
variation of the motion modes at different values of the calculated consumption were 
studied in all variant studies. A characteristic feature of this study is that during the studies, 
it was ensured that the connection of the pounds in the appearance of the hydraulic jump is 
formed not by adjustment by the lower pound but by the actual operating conditions of the 
structure. In this case, the direction of research was determined mainly by the dynamics of 
the Froude number and the kinetic parameters of the flow, the dynamics of the calculated 
consumption, the calculated relative magnitudes of the structural elements [24-39]. 

In the study of comparable options, the range of calculated costs, the parameters 
characterizing the flow mode, and the hydraulic parameters of the flow were also measured 
in the lower basin. Velocities were always measured vertically in the selected storks. 
Visual, photo and video observations were performed in conjunction with hydrometric 
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measurements. In the study, changes in the kinematic structure of the flow were observed in 
detail, using colors whose density was the same as the density of water at the top of each 
gate. In the study, flow transformation was observed in photo and video plates [14]. Figure 
3 shows the characteristic views of the flow motion. 

  

 

 

Fig. 3. Views of flow motion in the experimental model. 

When studying hydraulic regimes, the following parameters of the flow from the 
discharge structures for natural conditions were studied: 

 water consumption Q = 3,9 ÷ 18.6 l/s; 

 average flow rate  𝜐𝜐 = 15 ÷ 150 cm/s;  
 the average depths in the lower pound are h = 8 ÷ 21 cm. 
 the relative variability range of these modes was taken as follows: 
 specific costs 𝐾𝐾𝑄𝑄 = 𝑄𝑄

𝑄𝑄𝑝𝑝
= 0,06 ÷ 0,53 where: Q and Q p are current and estimated 

costs; 
 the utilization coefficient of  𝛽𝛽 = 𝑏𝑏

𝐵𝐵 = 0,35 ÷ 0,583  the water front, is where: b is 
the width of the working sections, B is the width of the lower pound; 

The range of defined flow parameters allows us to determine the limits of application of 
the laws identified in our research. 

Under the conditions of operation of multi-section drainage facilities on real objects, the 
flow movement will have a spatial character. In this respect, research differs from flat case 
studies. Under such conditions, there is no asymmetry in the distribution of specific 
costs. This situation requires the prediction of the dynamics of the pressure and depth, the 
maneuverability of the barriers, and the consumption of water discharged during the 
operation of hydraulic structures. The operation to remove the water, the resulting data 
structures symmetrical flow distribution of the collapse of its turnover and downstream, 
allowing for the formation of water in the background and depth of deformation 
r learning to give y. Therefore, maneuvering schemes that lead to a state of symmetrical 
distribution of specific consumption during operation are widely used. In the dissertation 
work, taking into account this situation, the hydraulic regimes of the flow in the 
symmetrical maneuvering process were studied [15-18]. 

Considering the above, 5 views of the most widely used maneuvering schemes for the 
symmetrical flow of water in drainage facilities were adopted. A table of these schemes is 
given in Table 1. 
  

4

E3S Web of Conferences 264, 03024 (2021) https://doi.org/10.1051/e3sconf/202126403024
CONMECHYDRO - 2021



measurements. In the study, changes in the kinematic structure of the flow were observed in 
detail, using colors whose density was the same as the density of water at the top of each 
gate. In the study, flow transformation was observed in photo and video plates [14]. Figure 
3 shows the characteristic views of the flow motion. 

  

 

 

Fig. 3. Views of flow motion in the experimental model. 

When studying hydraulic regimes, the following parameters of the flow from the 
discharge structures for natural conditions were studied: 

 water consumption Q = 3,9 ÷ 18.6 l/s; 

 average flow rate  𝜐𝜐 = 15 ÷ 150 cm/s;  
 the average depths in the lower pound are h = 8 ÷ 21 cm. 
 the relative variability range of these modes was taken as follows: 
 specific costs 𝐾𝐾𝑄𝑄 = 𝑄𝑄

𝑄𝑄𝑝𝑝
= 0,06 ÷ 0,53 where: Q and Q p are current and estimated 

costs; 
 the utilization coefficient of  𝛽𝛽 = 𝑏𝑏

𝐵𝐵 = 0,35 ÷ 0,583  the water front, is where: b is 
the width of the working sections, B is the width of the lower pound; 

The range of defined flow parameters allows us to determine the limits of application of 
the laws identified in our research. 

Under the conditions of operation of multi-section drainage facilities on real objects, the 
flow movement will have a spatial character. In this respect, research differs from flat case 
studies. Under such conditions, there is no asymmetry in the distribution of specific 
costs. This situation requires the prediction of the dynamics of the pressure and depth, the 
maneuverability of the barriers, and the consumption of water discharged during the 
operation of hydraulic structures. The operation to remove the water, the resulting data 
structures symmetrical flow distribution of the collapse of its turnover and downstream, 
allowing for the formation of water in the background and depth of deformation 
r learning to give y. Therefore, maneuvering schemes that lead to a state of symmetrical 
distribution of specific consumption during operation are widely used. In the dissertation 
work, taking into account this situation, the hydraulic regimes of the flow in the 
symmetrical maneuvering process were studied [15-18]. 

Considering the above, 5 views of the most widely used maneuvering schemes for the 
symmetrical flow of water in drainage facilities were adopted. A table of these schemes is 
given in Table 1. 
  

Table 1. Maneuvering schemes of moving barriers of drainage structures 

№ 
Water 

consumption 
Q, l/s 

Comparative 
spending 
𝐾𝐾𝑄𝑄 

Coefficient of 
utilization of the 

water front, b 

№ Section number of 
open sections 

1 3.90 0.06 0.35 2; 4 
2 6.90 0.185 0.35 3 
3 10.07 0.296 0.47 1; 3; 5 
4 11.60 0.42 0.47 2; 4 
5 13.87 0.53 0.583 2; 4 

 
The current movement of water in the characteristic forms of 4 to 8 - figures expressed. 

The comparable options work the same in the observed studies when the flow rate from 
2, 4 order numerical units at values of water consumption Q = 3.90 l/s (𝐾𝐾𝑄𝑄  = 0.06; β = 0.35) 
(Fig. 4). The reason for this can be justified by: 

 

  

Fig. 4. In studies on the first option, water flow movement at values of consumption Q = 3.90 l/s. 

In the case of a drainage structure, the connection with the river's surface is carried out 
in the main view. The flow from the barrier installed at the end of the downstream drainage 
structure takes on the appearance of a single transit stream and occupies half the width of 
the channel. The formation of water cycles was observed on the coastal side. The water 
circulation affected the movement of the transit stream, causing it to spread across the 
reinforcement area. The maximum values of the reverse velocities of the water cycles were 
of a magnitude comparable to the values of the transit flow velocities. The maximum 
velocity of the reverse currents in the apron area was 50-55% smaller than the maximum 
velocity of the transit flow. 

When the water flow was Q = 6.9 l/s (𝐾𝐾𝑄𝑄  = 0.185; β = 0.35) and № 3 compartment 
was open (Figure 5), a bubble-shaped hydraulic jump occurred in the water injection well, 
burying the middle walls at the edge. The propagation of the stream was symmetrical 
because it was a single section, relatively wide when it came to apron. Strong water cycles 
formed on both sides of the Ort. These rotations began to squeeze the transit flow from both 
sides. The maximum velocity of transit flow was 76 ÷ 86% of the maximum velocity of 
water circulation. Analysis of the vertical position of the velocity distribution showed that 
the underwater connection of the pounde occurs in both study variants. The lower pounde 
of the structure re-formed the vertical velocity diagrams in the Lieberman area and took on 
the appearance of diagram in the external connection mode. 
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Fig. 5. Movement of water flow in the lower basin (Q = 6.9 l/s). 

In the mode corresponding to these parameters Q = 10.07 l/s (𝐾𝐾𝑄𝑄 = 0.296; β = 0.47) 
water was discharged through one of the following sections № 1; 3; 5 (Figure 6). In the first 
of the studied options, the water level operated in the mode of smooth contact with the 
water impact wall, while in the second option, the water level exceeded it in the presence of 
obstacles. In this case, the main streams moved along the walls of the section, and the 
stream moving in the center was constantly changing its direction. The small water cycles 
formed were pushed towards the closed sections, while the large water circulation was 
pushed towards the apron and merged with the main flow in this area. In the first variant 
studies, the distribution of the flow along the width of the channel was of a flat nature, 
whereas the analysis of velocity distribution diagrams showed that there was a connection 
along the surface of the channel, in the second option, there was a combination of surface 
and combined bottom. 

During our experiments, a two-by-one mixed scheme was used in the parameters Q 
= 11.6 l/s (𝐾𝐾𝑄𝑄  = 0.42; β = 0.47). That is, № Sections 2; 4 (Figure 7) were open. For these 
schemes, in the first option, there was a barrier in one and not in the second. In both 
variants, water circulation nuclei were formed, and flow propagation was observed. The 
water on the right bank was smaller than the left bank in terms of circulation scale and was 
pushed in the reinforcement area; the water circulation on the right bank was larger, 
compressing and deforming the transit flow, and was observed to shift to the left relative to 
the river axis. 

 

  

Fig. 6. Reimbursement Q = 10.076 l/s hit the water to remove the water of the dam facility in the field 
of breast flow plan view. 

6

E3S Web of Conferences 264, 03024 (2021) https://doi.org/10.1051/e3sconf/202126403024
CONMECHYDRO - 2021



 

 

Fig. 5. Movement of water flow in the lower basin (Q = 6.9 l/s). 

In the mode corresponding to these parameters Q = 10.07 l/s (𝐾𝐾𝑄𝑄 = 0.296; β = 0.47) 
water was discharged through one of the following sections № 1; 3; 5 (Figure 6). In the first 
of the studied options, the water level operated in the mode of smooth contact with the 
water impact wall, while in the second option, the water level exceeded it in the presence of 
obstacles. In this case, the main streams moved along the walls of the section, and the 
stream moving in the center was constantly changing its direction. The small water cycles 
formed were pushed towards the closed sections, while the large water circulation was 
pushed towards the apron and merged with the main flow in this area. In the first variant 
studies, the distribution of the flow along the width of the channel was of a flat nature, 
whereas the analysis of velocity distribution diagrams showed that there was a connection 
along the surface of the channel, in the second option, there was a combination of surface 
and combined bottom. 

During our experiments, a two-by-one mixed scheme was used in the parameters Q 
= 11.6 l/s (𝐾𝐾𝑄𝑄  = 0.42; β = 0.47). That is, № Sections 2; 4 (Figure 7) were open. For these 
schemes, in the first option, there was a barrier in one and not in the second. In both 
variants, water circulation nuclei were formed, and flow propagation was observed. The 
water on the right bank was smaller than the left bank in terms of circulation scale and was 
pushed in the reinforcement area; the water circulation on the right bank was larger, 
compressing and deforming the transit flow, and was observed to shift to the left relative to 
the river axis. 

 

  

Fig. 6. Reimbursement Q = 10.076 l/s hit the water to remove the water of the dam facility in the field 
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Fig. 7. Q = 11.6 l/s supplies the water to remove the dam construction in the field of water facility and 
spread flow plan view. 

The difference between water circulation and transit flow rates was 50-70%, and the 
flow rate in apron decreased to 9 ÷ 13%. The flow began to flow from the unobstructed 
sections and closed sections into the transit stream that flowed through the barriers. The 
currents were compressed under the influence of flow masses coming from above, leading 
to an increase in the average velocity near the bottom of the stream. 

According to the mixed scheme of flow rate Q = 13.87 l/s (𝐾𝐾𝑄𝑄  = 0.53, β = 0,583), № 2; 
4 (Figure 8) transit flow was observed along the intermediate walls and in the area of the 
five sections along the stream. A smaller water cycle in geometric size was observed in the 
right bank retaining wall area, and a larger water cycle up to the reinforcement area was 
formed in the left bank. 

 

 

 

Fig. 8. Trajectory of water flow through the sections of the drainage structure according to the mixed 
scheme 

It was observed that its dynamic axis is curved due to the large water circulation effect 
on the transit flow. The average velocity of water flowing along the bottom of the river was 
31 ÷ 62% higher in the first variant and 44 ÷ 73% higher in the second variant than the 
surface velocity. The velocities distribution diagrams in the verticals were rhythmic. The 
connection mode in this circuit was close to the connection along the surface of the stream. 

4 Conclusions 

With the increase in water consumption and water use front coefficients, the distribution of 
specific flow and flow velocity along the channel width and flow depth improves. Also, the 
hydraulic-kinematic structure of the flow is improved in symmetrical water discharge; 
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In the first variant study using a single-section intermittent barrier, almost all water 
consumption values used in the study showed low flow overflow at the bottom of the 
hydraulic structure, the relationship of water circulation with the transit flow, low flow 
capacity, ie, good hydraulic regime. When barriers were installed in each section, it was 
recognized that the specific cost in the field of reinforcement of the structure was 7 ÷ 45% 
higher than in the first study option. It should be noted that in the first variant studies, the 
speed of movement along the subsurface area decreased; 
An increase in transit flow velocity was observed in both variant studies in reinforcement of 
the lower part of the structure when water was discharged from the open section after side 
sections in the drainage structures. One section of the multi-section dewatering facility was 
closed. The other was open, and at all consumption values accepted in the study, the 
pounde connection was performed in a more favorable manner than in the first case. 
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