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ABSTRACT

The importance of dams' reservoirs management makes it necessary to use gates on the spillways. This changes the
hydraulic flow on the chute spillway with ogee crest and flip bucket using VOF and RNG turbulence model. Investigating
the effects of four openings as 15, 30, 45, and 100%, applied by the radial gate shows that the increase of openings leads
to the increasing trend of speed and depth and potential of cavitations on the spillway. Moreover, in some openings with
low discharge, due to the development of lower discharge than the sweeping discharge, it is possible for the flow to
accumulate on the spillway and its hydraulic effects should be taken into account. In addition, trajectory jet modeling of
the flip bucket indicates low error of the length and maximum height of the jet and thus the use of Flow-3D is
recommended in predicting the downstream protection of flip bucket. Besides, two equations are presented on the
relationship between the length of jet trajectory, maximum height, discharge and the rate of opening.
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INTRODUCTION

An important and noticeable point in designing spillways is that the flow on the spillways is generally
supercritical with high speed and energy. One of the ways of energy dissipation is to create flip bucket
particularly at the end of chute spillways [1]. In recent years due to the introduction of modern and
precise methods of numerical calculation of equations as well as advanced computers to do calculations,
it is possible to design such complicated structures through numerical methods. The review of conducted
studies shows that although numerical-laboratory studies have been conducted on the hydraulic
characteristics of flow in the chute spillways with the ending cup and acceptable results have been
achieved, further research is needed on the effect of opening on the hydraulic flow in the spillway and jet
through flip bucket. Issues such as management of dams' reservoirs, which make it necessary to use gates
over the spillways, will change hydraulic flow over the spillway and this research aims to investigate
these changes.

MATERIALS AND METHODS

The reservoir dam of Balarud is a reservoir dam with clay core and additional facilities which is located in
Khuzestan Province 27 km off the north of Anidimeshk. In Balarud dam ogee spillway with control gate is
used. Throughput capacity of the Balaroud River is 870m3/s and the highest flow of the probable
maximum flood (PMF) is 3851 m3/s [2].
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Figure 1: Position of Balarud Dam

Physical model of Balarud Dam spillway which is an ogee gated one with chute and flip bucket was made
by Mehri et al. [3] using Plexiglas material on a scale of 1:110 and was installed in the flume of hydraulic
models laboratory of Water Engineering Faculty of Shahid Chamran University.

The experiments were carried out by making 5 different flows on the scale of 1:110 and in accordance
with the actual situation by measuring parameters such as pressure, speed, rate of cavitation at different
times in 20 points along the spillway as well as the length and maximum height of jet trajectory through
flip bucket. The physical model of Balarud spillway is displayed in Figures 2, 3 [3].
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Figure (2): Sections coordinates in physical model of spillway
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Figure (3): Laboratory model of Balarud Dam spillway

Through debugging and confidence level test (t-student) on hydraulic parameters, the results indicate
confidence level of over 70% and 15% error of the parameters.

RESULTS AND DISCUSSION

Figure 4 shows the results of a survey on the depth affected by the openings. Serious changes are
observed in the distance range of 39.3 to 163.3 m from the crest which are known as rooster tail waves
(waves which are made by the spillway base and which gradually dissipate along the chute). In flip bucket
with the flow of 550 m3/s and 15% opening of the gate, the flow has not been thrown due to lower flow
discharge than sweeping discharge, and the flow accumulation has occurred. Sweeping discharge is the
minimum discharge for creating jet trajectory and the range of creating sweeping discharge is set to be
285 m3/s. It should be noted that water level at upstream side of spillway is assumed to be constant in all
modes of opening.
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Figure (4): Comparison of flow depth along the spillway in openings of
15, 30, 45 and 100% in 4 discharges
Figure (5) displays the rate of speed changes for 5 discharges and except for the discharge of 550 m3 in
the opening of 15%, the rate of speed changes is uniform. The increase of speed in the distance of 45 m
away from the spillway crest is due to the end of bridge legs and the increase of speed continues to the
ending point of chute and then it reduces at the end of spillway due to the existence of flip bucket.
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Figure (5): Comparison of flow speed along the spillway in the 4th opening and 4 discharges

According to the results, the initial section of the (section17) has the most critical condition in terms of
cavitation potential. Figure (6) investigates the changes of speed and cavitations number for 4 states of
opening in the two points. As seen in Fig. 7,the increasing trend of speed can be observed for the opening
and the reduction of cavitations potential in both sections.
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Figure (6): Speed and cavitations in the opening of 4% in 5 discharges at the beginning of Trajectory
Figure (7) shows the jet trajectory through the flip bucket by passing 5 jet and 4 openings through the flip
bucket. Equation (9) shows the percentage of gate opening and its effect on the drop of jet trajectory in
comparison with 100% opening. According to Equation (10), through the percentage of gate opening it is
possible to obtain the maximum height drop in comparison with 100% of opening. By subtracting the rate
of drop from the range and maximum height in each flow it is possible to obtain the range and maximum
height according to the rate of desired opening.

=R, ., —[(-0.275In(%opening ) — 0.0238)] * R

opening %100

%100 (9)

= H —(0.0228(%opening ) " Y* H ., (10)

opening % 100
In Equations (9, 10) Ropening is the rate of opening in percent and Ropening is the range of jet trajectory
within the rate of gate opening and Hopening is the maximum height of jet trajectory at the desired opening.
R100% and H100% show the range and the maximum height of jet trajectory for 100% of opening. It
should be noted that Equations (9, 10) have been obtained by investigating the jet trajectory in 5
discharges and 4 different openings and examining 200 points on the jet trajectory curve. Furthermore,
the conducted validation showed that logarithm equations were highly accurate in flow simulation
process.
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Figure (7): Jet trajectory curve in 5 discharges and 4 openings

CONCLUSION

This research investigated hydraulic changes of depth, speed, cavitations number, and jet trajectory from
the flip bucket, in Balarud Dam spillway influenced by four openings of 15, 30, 45, and 100% and with the
help of Flow-3D numerical model. The review of depth changes showed that in the flow of 550 m3/s and
15% opening of the gate, the flow accumulation has occurred due to lower flow discharge than sweeping
discharge. Examining speed profiles along the spillway indicates the effect of rooster tail waves on speed
fluctuations as well as the effect of cup-shaped lauch on speed drop. The increase of opening has led to
the increase of speed and the distance between speed profiles. Examining the spillway body sections
showed that the highest cavitation potential belonged to the top of flip bucket and the increase of
openings reduced cavitation factor at this point. The numerical results of jet trajectory modeling of flip
bucket showed that the error of jet trajectory was about 8.5% and the error of maximum height of jet
trajectory was about 7.5% which can be used in prediction of jet trajectory modeling. Moreover, two
equations were presented to determine the range and maximum height of jet trajectory based on flow
discharge and opening.
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