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Abstract: One of the main causes of damage to weirs regulating the flow of water in canals is local erosion of the 
bottom and banks. This is mainly due to the excessive kinetic energy of the stream flow and the uneven volumetric 
distribution of the water flow rate at the end of the strengthening. Due to this, 35–40% of hydraulic structures fail 
prematurely. The aim of the research was to determine the parameters of the spatial hydraulic jump arising behind the 
hydrotechnical structure and the rapid expansion of the cross-section. The research showed that the hydraulic jump 
with a curved cylinder in the plan is a spatial form and not only dissipates the energy of the stream, but also acts as 
a diffuser. With the stream expansion angle values in the range of 7–10°, a highly turbulent flow remains, which still has 
high kinetic energy at a distance from the end of the structure. At an angle of 25–27°, the flow is smooth, the velocity 
distribution is uniform across the width of the channel. In some cases, the forced expansion of the cross-section at the 
outflow of the weir favours the energy dissipation and uniform flow velocity distribution.  
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INTRODUCTION 

As the materials of the European Environment Agency [EEA 
2020] show, in all the Eastern Partnership countries, the bulk of 
water resources are consumed in agriculture and industrial 
enterprises, and 70% of water is used for irrigation. 

The relationship between the water and energy sectors and 
their planning processes using assessment system software allows 
for alternative options for action [CARVALHO et al. 2019; ERSOY 

et al. 2021]. 
The construction of various hydraulic structures and 

hydroelectric power plants for the integrated use of wate; and 
water energy has always been of great relevance. The results of the 
study show that the reliability of the reservoir and dams increases 
the stability of the water supply system of settlements [BOUSSEKINE 

et al. 2016; SUTHERLAND, SMITH 2018]. The efficiency of hydraulic 
structures directly depends on the reliability of construction and 
operation, including in the hydropower system [ZHURINOV et al. 
2019; 2020]. Otherwise, they drastically reduce performance or 
quickly fail. The condition assessment model developed for this 
purpose includes the main technological parameters and qualities 

[DE LEO et al. 2020]. In this regard, the results of the study of the 
technology of modernisation and efficient use, the contour 
instability of irrigation canals with variabwidths, as well as the 
prevention of coastal erosion deserve attention [REPETTO et al. 
2002; ZHANG et al. 2013]. The study of the instability of the aquatic 
ecosystem expands the boundaries of traditional approaches in 
this matter [EL-HAZEK et al. 2020; TSKHAI, AGEIKOV 2021]. 

The reasons for the destruction of the channel of the earthen 
canals are primarily the concentrated discharge of the descending 
water and the presence of unsteady flow, especially during water 
distribution [ASHOOR, RIAZI 2019; WU et al. 2020]. 

Experiments and numerical analysis of water flow in an 
open canal confirm the influence of flow velocity profiles on the 
technical condition of the bottom of the canal [MICHALOLIAS et al. 
2018]. 

It has been established that the normal functioning of water 
regulating structures is influenced by the stability of the channel, 
the velocity and turbulence of water flow and soil erosion [JONES, 
RICHARDSON 2004; RUSTIATI et al. 2017; SHINIBAEV 2010]. 

The analysis shows that by the beginning of the XXI century 
the state of mathematical and physical modelling of the complex 
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phenomenon of interaction of hydraulic structures with a stream 
and channel still requires further development [CLOPPER, LAGASSE 

2011; RUSTIATI et al. 2017; SHEPPARD et al. 2004]. 
The following analysed works more closely correspond to 

the purpose of our article. They considered the cases of contact of 
a turbulent flow with a calm flow in the conditions of a plane 
problem. 

The study results of the well-known cantilever and stepped 
spillways provide overload protection on earth and stone 
embankments and dissipate the energy of destruction [FRIZELL, 
FRIZELL 2015]. The use of porous screens to prevent the 
destruction of open channels with supercritical flow and Froude 
number also dissipates more energy compared to the reverse tilt 
[ABBASPOUR et al. 2019]. Two-dimensional turbulence in three- 
dimensional flows [XIA, FRENKIEL 2017] shows the presence of 
a reverse energy cascade in two different systems, namely flows in 
thick layers of liquid. 

Due to the need to obtain materials for full-scale conditions, 
some works are devoted to the study of large-scale flow. 

Here, the main attention is paid to the main features of the 
subcritical transition to turbulence, the study of the structure of 
the traveling wave type at the trailing edge of the turbulent flow 
and the asymmetric quadrupole centered at the point [LEMOULT 

et al. 2013; TREBICKA 2018]. 
Based on the study of the turbulent flow in a rectangular 

channel with inclined baffles, the pressure recovery coefficient 
along the channel wall was established [EL-ASKARY et al. 2013]. 
The article of DANIEL and PAULUS [2019] provides some 
recommendations for the rational management of accidents and 
failures of hydraulic structures, based on European and American 
practice. 

In the article of OMID et al. [2007] of this population, 
a gradually expanding hydraulic jump in trapezoidal canals is 
considered. It noted that a decrease in the slope of the sidewalls 
for an assumed expansion angle causes a smaller subsequent 
depth and a longer jump length and energy loss. 

The ratio of subsequent depths usually decreases with 
increasing divergence angles. However, with an increase in angles 
of more than 15°, it does not significantly affect this ratio 
[KASHEFIPOUR, BAKHTIARI 2009]. For the range of Froude numbers 
from 2 to 4, the average decrease in this ratio for an angle of 25° 
was about 27%. 

The issue of the length of a hydraulic jump in a non- 
prismatic channel is of great importance, since the length depends 
on the length of the water-carrying part of the structures and the 
parameters of the apron [BEGLYAROVA et al. 2018]. Analysis of 

some experimental data shows that a negative slope of the 
channel decreases the subsequent depth ratio, and a positive slope 
increases the subsequent depth ratio [BEIRAMI, CHAMANI 2006]. 

It was found that when the cross-section coefficient k1 ≈ 3, 
the ratio of the hydraulic jump length reaches its maximum value 
[SADIQ 2007]. 

In general, the above analysis shows that the phenomena 
occurring in the tailwater junction area are more complex than in 
the conditions of the plane problem. This situation causes 
significant difficulty in calculating the main parameters of the 
spatial flow, which must be taken into account in order to protect 
the structure from coastal soil erosion. Due to the indicated 
complexity of the process, the task of determining the conjugate 
depths of a jump with a roller curved in plan has not yet had the 
required solution. 

STUDY METHODS 

GENERAL INFORMATION 

When considering the process under study, the procedure for 
changing the forms of conjugation of the pits was adopted during 
the transition to a dry wide channel of rectangular section behind 
the structure [KASYMBEKOV, SHINIBAYEV 2009]. It is made of an 
open type of rectangular cross-section with a zero slope and 
without a threshold at the entrance. 

The compression ratio of the flow in the plan was taken to 
be close to the boundary value, since in this case the characteristic 
features of the conjugation forms become sharply expressed. 

� ¼
b0

bp
¼ 0:5 ð1Þ

where: b0 = inlet flow width (cm), bp = outlet flow width in the 
channel (cm). 

In the theoretical study of the process of spatial flow jump, 
turbulent flow behind the structure, the basic moments of the law 
on the change in momentum, the Bernoulli equation, the Cardan 
formula were used, as well as the existing methods for calculating 
the conjugate depths of the considered jump. 

The supply of water for the formation of a turbulent flow 
and a hydraulic jump in the experimental stand (Fig. 1, Photo 1) 
is provided by the outflow of the flow from under a shield (8) 
when it rises by 2–5 cm (gap). It also allows you to vary the depth 
of the stream to create a compressed jump. At the end of the 
process, the used water is returned to the reservoir through the 
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Fig. 1. Schematic of the experimental stand with trays; 1 = capacity; 2 = centrifugal pump; 3 = working 
compartment; 4 = assembled compartment; 5 = channel; 6 = large tray; 7 = small tray; 8 = shield; 9 = weir; 
10 = channel backflow; 11 = funnel; source: KASYMBEKOV and SHINIBAYEV [2009] 
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weir (9) and the rear drain channel (10), which is laid under the 
floor. Excess water is drained into the reservoir using a funnel 
(11). At the same time, the flow rates on a large tray were 
measured with a Rebock tube with a receiving part of 4 mm in 
diameter and an X-6 micro-spinner with a record on the H-700 
oscillogram. 

Experiments on a small part of the stand were carried out 
with symmetric lateral compression of the flow (compression ratio 
η = 0.4–0.8) and a water flow rate in the range of 5–9 dm3·s–1. 

At the same time, the measurement of the water flow rate in 
the open channel, the control of turbulent flows were carried out 
according to the method described in our previous work 
[SHINIBAEV 2010]. 

When studying the process, the outflow of the water 
regulating structure into the downstream was accompanied by the 
spread of a storm flow in the plan. The spreading symmetry was 
achieved when the axis of the channel and the structure coincided 
and the water depth was shallow. Due to the continuous planned 
expansion of the flow in this section, there was a decrease in 
depth and a corresponding increase in velocity. 

Semi-free spreading was formed in the case when the 
extreme trickles of a stormy stream do not reach the width of the 
flume, and the side vortex areas are connected to a calm stream. 
At the same time, in the spreading zone a characteristic sheet was 
formed, limited on all sides, with the exception of the outlet 
section. The spreading angle α was determined by the formula 
[SHINIBAEV 2010]: 

tg� ¼

ffiffiffiffiffiffiffiffi
gh0

p

v
¼

1
ffiffiffiffiffiffiffiffiffi
Fr20

p ð2Þ

where: h0 = flow depth in the outlet section 0–0 (cm); origin of 
coordinates (x = 0, z = 0.04); v = flow velocity in the outlet section 
0–0 (m∙s–1); Fr20 = Froude number at the exit from the structure. 

During the experiments, the longitudinal and transverse 
components of the velocities changed with distance from the 
outlet section, and in accordance with this, the flow spreading 
coals changed. This led to the fact that the extreme streams, 
expanding in the flow plan, did not remain straight. 

Visual observation of the process was accompanied by 
a sketch of the conjugation forms, the position of the spreading 
zones and eddies. The length of the rollers was recorded using 
coloured indicators. The marks of the bottom and water level in 

the areas under study were measured with a measuring arrow, 
and the jump length – with a scale ruler and using an empirical 
formula [ABDURAMANOV 2010]. 

MATHEMATICAL MODELLING OF THE PROCESS 

For the theoretical consideration (modelling) of the process as 
a whole and the hydraulic jump, a fluid compartment was 
adopted between two cylindrical sections I–I and II–II (Fig. 2) 
[MIKHALEV 2013]. 

Based on the law of changing the momentum and neglecting 
the friction forces in the section between the sections under 
consideration, one can write [ABBASPOUR et al. 2019]: 

�K ¼
X

P ð3Þ

where: ∆K = increment in the amount of motion per unit of time, 
ΣP = the sum of the projections of the impulses of all acting forces 
on the axis of symmetry (N∙s). 

X
P ¼ dP 1 þ dP 2 ð4Þ

In this case, the increment in the amount of motion is presented 
in the following form: 

�K ¼ �02��
2
2h2 � �01��

2
1h1

� �
Rd� ð5Þ

where: θ = angle (rad), dθ = average derivative of θ. 
Average speeds v1 and v2 (m·s–1) in sections I–I and II–II are 

determined by of the Equation (6): 

v1 ¼
Q

h1R�
; v2 ¼

Q

h2R�
ð6Þ

where: Q = water consumption (cm3∙s–1), Rθ = the length of the 
arc along which the curved section is drawn. 

Photo 1. General view of the experimental stand – construction Dulati 
University (phot. A. Shinibayev) 

Fig. 2. Schematic of the spatial jump of the jet; R = jet deflection radius 
(cm), P1 = impulse of acting forces in section I–I (N∙s), P2 = impulse of 
acting forces in section II–II (N∙s), h1 = depth at the beginning of the 
hydraulic jump (cm), h2 = depth at the end of the hydraulic jump (cm), 
α = momentum indicator; source: KASSYMBEKOV and SHINIBAYEV [2009] 
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Taking into account that � ¼ �

g
and substituting the value of 

average velocities, we rewrite Equation (5) in the following form: 

�K ¼
�

gR

Q

�

� �2
�01

h1

�
�02

h2

� �

d� ð7Þ

where: ρ = density of liquid (Mg·m–3); α01, α02 = momentum 
coefficients in sections I–I and II–II. 

h2
1

2
þ

Q

R�

� �2
�0

gh1

¼
h2

2
þ

Q

R�

� �2
�0

gh2

ð8Þ

where: α0 = kinetic energy correction factor. 
Solving this equation for conjugate depths will give the 

Equation (9): 

h1 ¼
h2

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ
8�0

h3
2g

Q

R�

� �2
s

� 1

0

@

1

A ð9Þ

Substituting the values of ∆K, ΣP from Equations (7) and (4) into 
Equation (3), and after some transformation, and also assuming 
α01 = α02 = α0, we obtain the equation spatial jump: 

dP 1 ¼
�h2

1

2
Rd� ð10Þ

dP 2 ¼
�h2

2

2
Rd� ð11Þ

where: P1 = impulse of acting forces in section I–I (N∙s), 
P2 = impulse of acting forces in section II–II (N∙s), γ = specific 
gravity of liquid (N·m–3), h1 = depth at the beginning 
of the hydraulic jump (cm), h2 = depth at the end of the 
hydraulic jump (cm), R = jet deflection radius (cm), � ¼ ��

90
= an-

gle (rad). 
The critical depth hcr in curvilinear design sections is 

defined as: 

hcr ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�0

g

Q

R�

� �2
3

s

ð12Þ

Hence, it can be seen that with a decrease in the degree of 
compression of the flow by the structure in the plan, the angle of 
expansion of the stormy flow before the jump decreases, the 
curvilinear design sections before and after the jump approach 
flat in shape, and in the complete absence of the planned 
compression of the flow, the equality Rθ = B takes place. 

In those cases when the water depth in the diversion 
channel is greater than the second conjugate depth of the spatial 
jump in the critical position, determined by Equation (9), the 
jump is flooded, which is accompanied by the appearance of other 
forms of conjugation of the bays. 

In this case, the compressed depth before the jump h1 with 
a sufficient degree of accuracy can be calculated based on the law 
of continuity, if the value of the average velocity in the 
compressed section ν1 is known: 

h1 ¼
Q

R�v1

ð13Þ

From the Bernoulli equation for the exit section of the structure 
and the compressed section before the jump it follows that: 

�1 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2g 1 �
h1

h0

� �

h0 þ v
2
0

s

ð14Þ

Taking into account the above, we write Equation (13) in the 
following form: 

h1 ¼
Q

R�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2g 1 � h1

h0

� �
h0 þ v

2
0

r ð15Þ

Transformation of Equation (15) with respect to h1 leads to 
a cubic equation: 

h3
1 � h0 þ

v2
0

2g

� �

h2
1 þ

Q2

2gðR�Þ
2
¼ 0 ð16Þ

h3
1 � H0h

2
1 þ

1

2g

Q

R�

� �2

¼ 0 ð17Þ

where: H0 ¼ h0 þ
v2

0

2g
= depth at the exit (cm). 

To solve Equation (17), we reduce it to an “incomplete” 
form using the substitution 

h1 ¼ xþ
H0

3
ð18Þ

The cubic equation with the new variable will look like this: 

x3 � 3
H0

3

� �2

x � 2
H0

3

� �2

�
1

4g

Q

R�

� �2
" #

¼ 0 ð19Þ

According to Cardan’s formula, the root of Equation (19) 
corresponding to the conditions of this problem will be: 

x ¼ � 2
H0

3
cos 60� þ

�

3

� �

ð20Þ

where: β = determined by the Equation (21): 

cos� ¼ 1 �
27

4gH3
0

Q

R�

� �2

¼ 1 �
6:75

�0

hcr

H0

� �3

ð21Þ

Then, from Equations (18) and (19), the formula for determin-
ing the depth before the jump is represented in the following form: 

h1 ¼
H0

3
1 � 2cos 60� þ

�

3

� �� �

ð22Þ

The depth ratio h1/h0 in radical expression according to the 
law of continuity is: 

h1

h0

¼
v0

v1

b0

R�
ð23Þ
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h1

h0

¼
v0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2g 1 � �0

�1
� b0

R�

� �
h0 þ �

2
0

r
b0

R�
ð24Þ

The right-hand side of Equation (25) includes the velocity in the 
compressed section v1, which can be determined by the Equation: 

v1 ¼ �np:1 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2g 1 �
b0

R�

� �

h0 þ �
2
0

s

ð25Þ

where: vnp.1 = approximate value of the velocity in the 
compressed section (m∙s–1). 

In Equation (23), if v0 = v1, then the depth ratio h1/h0 can be 
expressed by the Equation (26): 

h1

h0

¼
b0

R�
ð26Þ

Taking into account Equations (23) and (25), we write the final 
form of Equation (15). 

Obviously, the determination of h1 according to Equation 
(26) can lead to some errors, then according to the following 
Equation (27), more reliable calculation values can be obtained, 
since the error caused by the assumption v0 = v1 turns out to be 
under the triple square root. 

h1 ¼
Q

R�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2g 1 � b0v0

R�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2g 1 �
v0

�np:1
�
b0

R�

� �
h0þ�

2
0

r

2

6
6
4

3

7
7
5h0 þ �

2
0

v
u
u
u
u
u
t

ð27Þ

Thus, the use of Equations (9) and (22) or (27) makes it possible 
to set the limiting value of the depth in the diversion channel, the 
excess of which is accompanied by flooding of the hydraulic jump 
and the formation of new forms of conjugation of the pits. 

The general procedure for the developed methodology for 
calculating the conjugate depths of a hydraulic jump is 
characterised as follows. 

At the beginning of the calculation, the angle of spreading of 
the stormy flow in the plan is determined by the Equation (2). 
Then, the values of the radius of the arc along which the jump 
drum is outlined, R and the angle θ corresponding to the length of 
the drum line in the plan are calculated. Then, using Equations 
(22) or (27), the depth of the flow h1 in the compressed section 
before the jump is determined. And the conjugate depths of the 
spatial jump are set by Equation (9). 

RESULTS AND DISCUSSION 

The results of calculations using the proposed method for 
calculating the conjugate depths of a hydraulic jump are shown in 
Table 1. 

As can be seen from the table, when calculating the depth h1, 
the width of the jet from under the shield b0 was disassembled in 
five variants (10; 12; 15; 17; 20 cm). Moreover, in the first four 
variants, the values of water supply were repeated within 
(5–8)∙103 cm3∙s–1, and in the fifth version they were 9 and 10 cm∙s–1. 

Experiments to verify the results of theoretical research were 
carried out, as indicated above, on a glass tray at values of 
η = 0.4–0.8 shows a view of a hydraulic jump formed during 
a symmetric planned compression of the flow at the initial 
moment of flooding with water with the formation of a drum at 
the left side of the chute (Photo 2). 

Comparison of the obtained calculated values of h1 using 
Equations (9), (22), (27) and the selection method (baseline) show 
that the greatest coincidence with the baseline value occurs when 
calculating by Equation (27) (deviation 0.15–0.21%). This is due 
to the fact that this formula takes into account almost all 
technological components that affect the initial action of 
a hydraulic jump. 

Table 1. Results of calculations using the proposed method (bp = 42 cm) 

Q 
(cm3∙s–1) b0 (cm) h0 (сm) 

h1 (сm) calculated acc. to 

selection method Equation (9) Equation (22) Equation (27) 

5∙103 10 5.56 0.796 0.807 1.168 0.795 

6∙103 10 6.28 0.898 0.930 1.319 0.838 

7∙103 12 6.16 1.067 1.071 1.153 1.068 

8∙103 12 6.74 1.168 1.064 1.696 1.167 

5∙103 15 4.25 0.930 0.933 1.326 0.933 

6∙103 15 4.80 1.054 1.037 1.511 1.054 

7∙103 17 4.89 1.230 1.253 1.662 1.231 

8∙103 17 5.34 1.345 1.359 1.907 1.346 

9∙103 20 5.18 1.562 1.550 2.177 1.564 

10∙103 20 5.56 1.675 1.676 2.336 1.676  

Explanations: Q =water consumption (cm3∙s–1), b0 = inlet flow width (cm), h0 = flow depth in the outlet section 0–0 (cm), h1 = depth at the beginning of 
the hydraulic jump (cm). 
Source: SHINIBAEV [2010]. 
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At the same time, as can be seen from the photo, the type of 
jump on the section with the greatest spreading of the stormy 
stream is outlined along a curve close to the arc of a circle with 
a radius determined by the Equation (28): 

R ¼
bp

2sin�
ð28Þ

where: bp = width of the structure channel. 
In general, the experimental results show that with an 

increase in the compression ratio (a decrease in b0/bp), the length 
of the section with a malfunctioning narrowing of a quiet flow 
increases. 

With a compression ratio of η ≤ 0.5, the extreme streams 
coming from the edges of the entrance are intertwined. Due to this, 
oblique waves are formed within the limits of the constriction, and 
the motion is qualitatively different from the cases when η > 0.5. 
When the angle of expansion is within 7–10°, a malfunctioning 
flow of a turbulent flow is observed, which has high kineticity at 
a distance from the outlet section of the structure. 

With an increase in the water depth in the downstream, the 
flow at the junction section is more and more corrected in plan. 
At an angle of 25–27°, the flow is calm, the unevenness of the 
velocity distribution along the width of the channel (flume) is 
weakly expressed. It has been established that, in addition to the 
above-considered form of a spatial jump behind structures with 
bp/b0 > 3–4, there can be another type of jump, which forms 
immediately behind the outlet of a structure without preliminary 
planned spreading of a stormy stream. A characteristic feature of 
such a jump is that the lateral vortex areas are flooded and the 
depth h0 in the outlet section is less than the critical depth in the 
outlet channel. 

A decrease in the head and depth in the discharge channel 
would lead to the formation of a section with free or semi-free 
spreading of a stormy stream and a jump with a roller curved in 
plan behind it. When the jump, which forms behind the 
spreading section, is flooded, a new form of conjugation of flows 
arises, which is called the “malfunctioning flow”. 

Table 2 shows a comparison of the results of calculations of 
conjugate depths using the proposed method with experimental 
data. At hсr/h0 < 1.2, at times, the formation of a wavy jump with 
a malfunctioning flow of a stormy stream is possible and the value 
of the drum length is unstable. The maximum deviation from the 
measured value is within acceptable limits, 2.35–4.54%. 

CONCLUSIONS 

The developed formulas in the theoretical study of the process 
make it possible to determine the limiting value of the flow depth 
in the outlet channel, the excess of which is accompanied by the 
flooding of the spatial jump and the formation of new forms of 
conjugation of the bays. 

Some danger for erosion, the downstream support behind the 
water regulating structure is a malfunctioning flow of a calm stream 
when the compression ratio of the structure in the plan is equal to 
or less than 0.5, and the depth in the downstream is more critical. 

At an angle of expansion within 7–10°, a faulty flow of 
a turbulent flow is observed, which has a high kineticity at 
a distance from the outlet section of the structure. With an increase 
in the water depth in the lower reaches, the flow at the butt section 
is more and more corrected in plan. At an angle of 25–27° the 
current is calm, the unevenness of the velocity distribution along 
the width of the channel (chute) is weakly expressed. 

For forced expansion of the flow at the outlet of the water 
control structure in critical cases, it is recommended to use 
additional energy absorbers. 
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