Iranian Journal of Irrigation and Water Engineering _ 38

Research Paper

Laboratory Study and Comparison of Gabion Inclined Drop Energy
Dissipation Equipped with Vertical Screens

Rasoul Daneshfaraz?”, Mahdi Majedi Asl?, Mohammad Bagherzadeh?®

! Professor, Department of Civil Engineering, Faculty of Engineering, University of Maragheh, Iran

(daneshfaraz@maragheh.ac.ir)

2 Associate Professor, Department of Civil Engineering, Faculty of Engineering, University of Maragheh, Iran

(mehdi.majedi@gmail.com)

3 M.Sc. in Civil Engineering-Hydraulic Structures, Department of Civil Engineering, Faculty of Engineering,

University of Maragheh, Iran (bagherzadeh.mbz96@gmail.com)

d 10.22125/IWE.2023.168166
Received:
September.09.2020 Abstract
Accepted: Hydraulic engineers have always used applications in inclined drop to increase
March.15.2021 energy dissipation. In the present laboratory study, the simultaneous effect of the
Available online: gabion and the vertical screens on the flow energy dissipation in the inclined drop
April,18.2023 structure was investigated. A total of 120 different experiments were performed

for the flow range of 150 to 800 liters per minute and two heights, three
inclination angles and two porosity ratios of vertical screens. The results show
that in all models, the energy dissipation of the flow decreases with increasing
the relative critical depth of the flow. The use of a vertical screens in a gabion
Keywords_: o inclined drop has little effect on flow energy dissipation, so that the average
Energy dissipation, amount of increase in depreciation of the present study compared to a simple
Vertical screen, Gabion, | inclined drop equipped with vertical screens is 2.23%. The integrated system
Inclined drop, Relative | presented in the present study reduced the Froude number range from 1.66~2.11
critical depth to 0.83~1.9 compared to a simple inclined drop equipped with a vertical screen.
A vertical screen with 50% porosity has a higher relative energy dissipation than
a 40% porosity, and changing the inclination angle of an inclined gabion to the
constant porosity of the screens does not cause much change in the amount of
flow energy dissipation. Also, due to the low effect of the integrated system of
the present study on the energy dissipation values of the flow, therefore, the
simultaneous use of a vertical screens and inclined gabion is not economically
recommended.

1.  Introduction

One of the most common hydraulic energy dissipation structures is drop. The inclined drop structure
has less energy dissipation compared to other drop structures, therefore, conducting studies on the
change in the rectangular drop structure to increase the amount of energy consumption is strongly felt
(Daneshfaraz et al. 2020a). Sholichin and Akib (2010) studied the effects of drop number and its impact
on a downstream hydraulic jump for vertical and inclined drops. Their results indicated that drop
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number is important for predicting a hydraulic jump downstream of a vertical drop but there are not
evidences that these considerations can be transferred to an inclined drop. Daneshfaraz et al.(2020b)
experimentally investigated the energy loss in inclined drops equipped with a vertical screen, using two
drops height, three angles and a relative critical depth ranging from 0.09 to 0.35. They showed that
inclined drops with vertical screens reduced the Froude number downstream of the structure from a
range of 4.49-7.72 for a plain inclined drop to a new range to 1.66-2.11. By reviewing the previous
studies, it was found that no study has been done in the field of changing the structure of the rectangular
drop structure by hydraulic researchers. On the other hand, past studies show the increasing
development and more attention of researchers in the use of gabion structures and additional structures
such as screen as a new method to energy dissipation in the field of hydraulic engineering. Therefore,
in this research, for the first time, to increase flow energy dissipation, the combination of gabion drop
and screen was used and the results were compared with the simple drop equipped with screen.

2. Materials and Methods

The experiments were performed in a horizontal, rectangular cross section channel with Plexiglas walls
and with length, width, and height of 5, 0.3, and 0.45 m, respectively. To create an inclined drop, glass
boxes with the same width as the channel for plain inclined drop and gabions were used. Inclined drops
were fabricated from steel rods rapped with a grid sheet with an opening less than the size of the filling
material to form the gabion basket then filled with gravel material boxes. The height was 0.15 and 0.20
m and the angles were 26.56, 33.7, and 45 degrees (Daneshfaraz et al. 2021a). Natural round gravel
with porosity of 50% were used as packing material for the gabion inclined drop (Daneshfaraz et al.
2021b). Figure 1 illustrates the experimental model of the present study.

Figure 1. the experimental model of the present study
The geometrical and hydraulic parameters effective in gabion drop equipped with vertical screen can
be expressed as a function like equation (1).
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Dimensional analysis was done using the Buckingham — n method and the following relationships were
obtained.
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3.  Results

In order to investigate the effect of using vertical screen at a distance of 1.25 cm from of the gabion
inclined drop, 120 different tests for three angles, and for two heights drop and screen with two porosity
of 40 and 50% were done. Based on the dimensional analysis, the parameters of the relative critical
depth, drop angle and porosity of the screen are effective in the energy dissipation of the gabion inclined
drop equipped with a vertical screen. In all models, with the increase of relative critical depth values,
the relative energy dissipation decreases. For a constant relative critical depth, with the increase in the
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height of the drop and the increase in the slope, the energy dissipation of the flow increases. Comparing
the results of the current research with the study Daneshfaraz et al. (2020b) showed that unlike the study
of these researchers who believed that vertical screen because a significant increase of energy
dissipation in inclined drop, the use of vertical screen in gabion inclined drop did not cause significant
energy dissipation. The main reason for this result can be considered the placement of the gabion before
these screen, which has caused the low efficiency of the vertical screen. In fact, a major part of the flow
is depreciated by the gabion, and the presence of a screen is less effective at low flows. The average
increase in the energy dissipation percentage of the current research compared to the study (Daneshfaraz
et al. (2020b) is 2.23%.
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Figure 2. Changes in relative energy dissipation versus relative critical depth

According to the results, it can be seen that the downstream relative depth of the gabion inclined drop
equipped with a vertical screen increases with the increase of the relative critical depth of the flow.
Also, for the simple drop, and gabion model (Daneshfaraz et al. 2021), and the model studied by
Daneshfaraz et al. (2020b), the downstream relative depth increases with the increase in flow rate. By
comparing the effect of the percentage of porosity of screen, it can be concluded that screen with 50%
porosity have a greater effect in increasing the downstream relative depth than 40% porosity.
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Figure 3. changes in the downstream relative depth versus the relative critical depth

4.  Discussion and Conclusion

In the current research, tests were performed on 120 different physical models of the gabion inclined
drop equipped with a vertical screen. The main goal was to check the amount of flow energy dissipation
by the system presented in this research and compare the results with other researchers. The results
showed that:

* In all models, with the increase of the relative critical depth values, the relative energy dissipation
decreases and the downstream relative depth increases.

* For a fixed angle, the average amount of relative energy dissipation and downstream relative depth
for both used porosities shows that screen 50% porosity has more total relative energy dissipation and
downstream relative depth than screen 40% porosity.

» For two type screen porosity, three angles and two drop heights, the average increase 2.23% in energy
dissipation of current research compared to the study (Daneshfaraz et al. (2020b) was observed.
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Laboratory Study and Comparison of Gabion Inclined Drop Energy Dissipation
Equipped with Vertical Screens

Rasoul Daneshfaraz'*, Mahdi Majedi Asl?, Mohammad Bagherzadeh®

Abstract

Hydraulic engineers have always used applications in inclined drop to increase energy dissipation. In the
present laboratory study, the simultaneous effect of the gabion and the vertical screens on the flow energy
dissipation in the inclined drop structure was investigated. A total of 120 different experiments were performed
for the flow range of 150 to 800 liters per minute and two heights, three inclination angles and two porosity
ratios of vertical screens. The results show that in all models, the energy dissipation of the flow decreases with
increasing the relative critical depth of the flow. The use of a vertical screens in a gabion inclined drop has
little effect on flow energy dissipation, so that the average amount of increase in depreciation of the present
study compared to a simple inclined drop equipped with vertical screens is 2.23%. The integrated system
presented in the present study reduced the Froude number range from 1.66~2.11 to 0.83~1.9 compared to a
simple inclined drop equipped with a vertical screen. A vertical screen with 50% porosity has a higher relative
energy dissipation than a 40% porosity, and changing the inclination angle of a inclined gabion to the constant
porosity of the screens does not cause much change in the amount of flow energy dissipation. Also, due to the
low effect of the integrated system of the present study on the energy dissipation values of the flow, therefore,
the simultaneous use of a vertical screens and inclined gabion is not economically recommended.

Keywords: Energy dissipation, Vertical screen, Gabion, Inclined drop, Relative critical depth
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