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Fig. 1- Types of jumps in the sudden expansion of the section
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Table 1- A number of relationships predict the length of the jump and the length of the swell in the

rough bed
No. Researcher Equation
1 H . 197 L;
1) erbrand, 1973 LLB ~ 08 ; B < 0.64
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3) Hager et al., 1990 LLB Z9_ VB
j
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Fig. 2- The laboratory experimental section used in this study
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Table 2- Characteristics and test variables of the research

Froud Main discharge Jet discharge Abb. name of  Corrugated bed Name of
Number (L/s) (L/s) jet dimensions (cm)  corrugated bed
10.8 26
9.5 37 45 J1 S=3;t=1 C1
8.7 45 6 J2 S=5;t=3 C2
7.4 56 8 J3 S=10;t=6 C3
6.2 67

Figure 3- A view of the gate of the flume (a) and the ogee spillway (b)
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Figure 4- A view of the bed roughness (a) and hydraulic jump in the bed (b)
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Figure 5- A view of the sinusoidal corrugated bed after the expansion
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Table 3- The process of naming and combining experimental models in research

Model t (cm) S (cm) Discharge of jet (L/s)
C1-J1 1 3 4.5
C1-J2 1 3 6
C1-J3 1 3 8
C2-J1 3 5 4.5
C2-J2 3 5 6
C2-J3 3 5 8
C3-J1 6 10 4.5
C3-J2 6 10 6
C3-J3 6 10 8
C1l 1 3 -
Cc2 3 5 -
C3 6 10 -
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Table 4- The results of the percentage of energy consumption in different situations

Froude Number

Model 6.2 74 8.7 95 108
S1: Sample 19.246 44.446 61.081 53.599 29.032
c1 26.305 8.031 19.185 4522 11.642
c2 11.48 13.277 16.495 4.073 21.584
C3 34.457 38.822 40.490 17.468 1.743
C1-J1 9.710 2.940 4.278 14.967 77.195
C1-32 2.365 13.716 20.742 28.145 35.576
C1-J3 6.974 20.799 30.341 42.103 55.367
C2-J1 9.500 23.106 32.040 42.314 53.002
C2-12 10.885 24.928 34.295 45522 57.969
C2-13 7.090 20.843 30.115 41.569 53.939
c3-21 70.371 17.126 0.849 19.903 51.369
C3-12 33.429 3.492 14.425 35.390 58.852
C3-J3 5.008 4.291 21.239 45.608 60.026
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Figure 6- The relative energy consumption of hydraulic jump caused by the presence of corrugated bed
and submerged jet
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Figure 7- Comparison of hydraulic jump conjugate depths ratio against Froude number in the presence
of corrugated bed and submerged jet
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Figure 8- Comparison of the Froude number against the length of the hydraulic jump to its conjugated
depth in the corrugated bed
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Figure 9- Variations of the relative jump length against Froud number for bed with different roughness
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Figure 10- Relative energy loss versus Froude number relative to each other
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Introduction

Hydraulic jump is a phenomenon in which the flow changes from a supercritical state to a subcritical
state. As a result of the phenomenon of hydraulic jump, the flow depth is significantly increased in a
relatively short way and according to its increasing, the flow speed and energy is reduced. Dropping
down the energy of the flow before to transfer downstream is a solution to prevent possible damages
to the canal bed and downstream structures (Katourani & Kashefipour, 2014).

The formation of hydraulic jump was done on rough beds with different shapes such as triangular,
cubic, rectangular and trapezoidal and sinusoidal beds and the results showed that the rough bed had
a significant effect in reducing the length of hydraulic jump (Shafai Bajestan and Neisi, 2009). Also,
the hydraulic jump property in sinusoidal beds showed that the ratio of conjugate depths with Froude
numbers on sinusoidal beds is a linear relationship and with the increase of Froude number, the value
of shear force coefficient of sinusoidal beds increases (Badizadegan et al., 2014). Among other
energy consumption structures is the injection of submersible jets, which enter horizontally or at an
angle along with the hydraulic jump from the front or side of the current, and consumes the energy
dissipation of downstream and reduces the conjugate depth ratio, jump length, and bottom shear
forces (Dastourani et al., 2016).

The purpose of this study is to investigate the effect of the counterflow jet and bed roughness on
the energy dissipation of the structure. Certainly, increasing the energy loss of the structure is
affected the downstream hydraulic jump conditions and the length of the stilling basin.

Methodology

The experiments were carried out in a flume in the hydraulic models laboratory of the Faculty of
Water and Environmental Engineering, Shahid Chamran University, Ahvaz. The flume consists of a
storage tank with dimensions of 1 meter wide and 2.4 meters long, a peak spillway with a height of
0.6 meters and a width of 0.67 meters. It is a horizontal channel with a rectangular cross-section, 12
meters long, 1 meter wide and 0.87 meters deep. These tests were measured for corrugated beds, all
three states of which are different from each other according to table (1), compared to the asymmetric
state of discrete jump and without continuous roughness in the bed. Next, with the entry of the
submerged jet, jet injection was done by the system that was connected to the flume storage tank.
The flow rate of the jet entering the system was measured in the amount of 3 in the range of 4.5 to 8
liters per second by an ultrasonic flow meter, and the flow absorption and the length of rolling and
hydraulic jump were measured in the longitudinal range of the continuous corrugated bed. Due to the
very high disturbance in the overflow leg, the initial depth can be found by using Belanger's relation,



Equation (1) and downstream depth, and also the percentage of energy consumption can be obtained
with Equation (2) (Chanson, 2015);

y1=2( /1 +8Fry2 — 1)
@)

n =1 x100 )

1

where E; is the flow energy at the upstream, y is the first depth of hydraulic jump measured using
Equation (1), and y- is the second depth of jump measured by point gauge and Fr, is Froude No. of
the second depth.

Table 1- Characteristics and test variables of the research

Name of Corrugated bed  Abb. name of Jet discharge Main discharge Froud
corrugated bed  dimensions (cm) jet (L/s) (L/s) Number
26 10.8
C1 S=3;t=1 J1 4.5 37 9.5
C2 S=5;t=3 J2 6 45 8.7
C3 S=10;t=6 J3 8 56 7.4
67 6.2

Results and Discusspn

In this research, experiments were conducted for five main flow rates of 26, 37, 45, 56, and 67
liters per second on the mentioned model, and by measuring the depth of the overflow, the amount of
primary energy was obtained. Also, by measuring the depth of the aquifer downstream of the
spillway, the secondary depth of the hydraulic jump was obtained. Then, using equation (1), the
initial depth of the hydraulic jump at the spillway foot was calculated. Also, calculations related to
energy consumption were performed through equation (2) and the percentage of energy loss was
obtained. The process of combining tests is briefly stated in table (2) shows the summary of the
calculation results of the percentage of energy consumption for three types of corrugated bed. By
finding the location of the hydraulic jump, its role on the amount of energy loss is determined and the
optimal hydraulic jump with the maximum energy loss can be identified.

Table 2- The results of the percentage of energy consumption in different situations
Froud Number

Modq] 6.2 6.2 6.2 6.2 6.2
S1: Sample 19.246 44.446 61.081 53.599 29.032
c1 26.305 8.031 19.185 4522 11.642
c2 11.48 13.277 16.495 4.073 21.584
Cc3 34.457 38.822 40.490 17.468 1.743
C1-1 9.710 2.940 4278 14.967 77.195
C1-32 2.365 13.716 20.742 28.145 35.576
C1-J3 6.974 20.799 30.341 42.103 55.367
C2-11 9.500 23.106 32.040 42314 53.002
C2-32 10.885 24.928 34.295 45522 57.969
C2-13 7.090 20.843 30.115 41569 53.939
C3-11 70.371 17.126 0.849 19.903 51.369
C3-12 33.429 3.492 14.425 35.390 58.852

C3-J3 5.008 4.291 21.239 45.608 60.026



Conclusions

This was figured out of the experiment that the amount of energy consumption in basins that are
associated with an increase in the dimensions of the corrugated bed is about 15% more than in
smaller cases, and also, with the addition of a submerged jet, this value reaches 30% in the case of
discrete jumping cases. The counterflow jet system has been affected on the asymmetric jump and
caused stability of the jump, controlled of the uniformity of the flow. The energy loss, length of
hydraulic jump and length of rolling at Fr=6 are respectively 50%, 44% and 63%. So, as the flow rate
increases, the relative percentage decrease in the hydraulic jump length decreases.

Totally, the results obtained from the present research showed that the combination of bed
roughness and submerged jets as an energy dissipation system significantly improve the flow pattern
and the primary characteristics of the hydraulic jump. As a result, the use of submersible jets can help
preventing severe damages to hydraulic structures and preserve the river bed downstream.
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