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JRSg?\{g,izozz Abstract

Accepted: Vertical screens are energy dissipaters that can be used downstream of
23;?&%16203652;2 small hydraulic structures such as vertical drops. In the present study, the
December 11, 2022 effect of the height of the screens on the downstream of the vertical drop

has been investigated numerically. For this purpose, three relative heights
of 0.2, 0.4 and 0.6 for the screens and the relative critical depth range
between 0.12 and 0.42 have been selected. For numerical modeling, Flow-
3D software with two turbulence models k — & and k — ¢(RNG) and

Keywords: three types of meshing has been used. The results showed that the k —
Screens, Vertical & (RNG) turbulence model was better performance than k — ¢ model in
drop, Relative height, | comparison with experimental results. Also, the results of using screens
Froude number, with different heights in the downstream of the vertical drop showed that
Energy dissipation these plates increase the relative energy dissipation and relative depth of

the downstream by 176% and 94% respectively compared to the simple
vertical drop. Investigating of the increase in energy dissipation
efficiency, it can be seen that the screens with relative heights of 0.4 and
0.6 dissipates more energy by reducing the immersion rate of the hydraulic
jump compared to the overall mesh plate. Finally, the vertical drop
equipped with screen with a relative height of 0.4 with a decrease of 66.3
and 10.3 percent of the Froude number of downstream and an increase of
187 and 2.8 percent relative energy consumption, had the best
performance compared to the simple drop and vertical drop equipped with
an overall screen, respectively.
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1. Introduction

Vertical drops are one of the common structures used in irrigation, drainage, and surface water
harvesting channel. By transferring water from the upstream to the downstream, these structures convert
the upstream subcritical flow into the downstream supercritical flow. Research in the field of vertical
drops is usually focused on determining the behavior of hydraulic parameters of vertical drops with
subcritical and supercritical flow in the upstream. Some studies have also proposed methods to increase
energy dissipation in the downstream of vertical drops. Screens are one of the structures that have been
used in recent years to dissipate energy and Hydraulic jump control in downstream small hydraulic
structures. Also, studies on the hydraulic performance of Screens in the process of energy dissipation
of flow have been done. Therefore, in the present study, with the aim of developing design methods for
further use of these dissipaters, the effect of Screens height on energy dissipation in vertical drops has
been numerically investigated.

2. Methodology

In the present study, Flow-3D software was used to simulate the effect of screens on the energy
dissipation of vertical drops. The flow equations in this software include mass conservation
equation, momentum equation, and fluid free surface profile equation. The characteristics of the
numerical model and the dimensions of the solution domain have been selected similar to the
laboratory model of Daneshfaraz et al. (2022).

Table (1) shows the general characteristics of the physical model for validation of the numerical
model of the present study.

Vertical Drop Screen
Model Discharge . .
Description  (Lit/min) range Height | ength  width Porosity ~ Width Hcer:?ht
cm ©m  m) @) ©m
Experimental 150-850 15 120 30 40 30 45
Numerical 150-850 15 120 30 40 30 3-6-9-45
3. Results

In the present study, with the aim of increasing the energy dissipation efficiency in screens, the
effect of the height of vertical screens in the downstream of the vertical drop was investigated
using computational fluid dynamics. The results showed that the use of screens at all heights
increases the relative depth of the downstream and the relative energy dissipation and decreases
the Froude number of downstream. A comparison of the effect of the relative height of the screens
to the overall screens in the downstream of the vertical drop showed that the screens with a
relative height of 0.4 with a decrease of 10.3% and the screens with a relative height of 0.2 with
an increase of 14.8 % of Froude number of downstream presented the best and worst
performance, respectively. Screens with a relative height of 0.4, with the highest possible energy
dissipation at the relative critical depth of 0.12 to 0.42, have the best performance in the energy
dissipation of vertical drops.

4. Discussion and Conclusion

Considering that the reduction of energy in the downstream of drop structures is one of the most
important capability of this these structures, based on the result of this research and dimensional
similarity it is possible to design screens with suitable height. It also seems that by overtopping
of the flow through the screens, the problem of blockage of the screens by the rubbish in the flow
will be solved.
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Numerical Study of the Effect of Height of Vertical Screens on Vertical
Drop Energy Dissipation

Majid Pasbani Khiavi '*, Vadoud Hasanniya Giglou?

Abstract

Vertical screens are energy dissipaters that can be used downstream of small hydraulic structures such
as vertical drops. In the present study, the effect of the height of the screens on the downstream of the
vertical drop has been investigated numerically. For this purpose, three relative heights of 0.2, 0.4 and
0.6 for the screens and the relative critical depth range between 0.12 and 0.42 have been selected. For
numerical modeling, Flow-3D software with two turbulence models k — ¢ and k — ¢ (RNG) and three
types of meshing has been used. The results showed that the k — € (RNG) turbulence model was better
performance thank —e model in comparison with experimental results. Also, the results of using
screens with different heights in the downstream of the vertical drop showed that these plates increase
the relative energy dissipation and relative depth of the downstream by 176% and 94% respectively
compared to the simple vertical drop. Investigating of the increase in energy dissipation efficiency, it
can be seen that the screens with relative heights of 0.4 and 0.6 dissipates more energy by reducing the
immersion rate of the hydraulic jump compared to the overall mesh plate. Finally, the vertical drop
equipped with screen with a relative height of 0.4 with a decrease of 66.3 and 10.3 percent of the Froude
number of downstream and an increase of 187 and 2.8 percent relative energy consumption, had the
best performance compared to the simple drop and vertical drop equipped with an overall screen,
respectively.

Keywords:Screens, Vertical drop, Relative height, Froude number, Energy dissipation
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