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Abstract

Among the hydraulic structures used in watershed management for sediment management in mountain streams
are vertical weirs. In order to prevent bed erosion downstream of the structures a horizontal concrete slab is used
which a hydraulic jump is formed. One of the important design parameters is to reduce the length of the hydraulic
jump and, as a result, reduce the length of the slab for the economic efficiency of the project, which is the main
goal of this research. The experiments were conducted in a rectangular flume 30 cm wide and 12 m long. The
experiments in this research are divided into two groups with and without barriers. In the experiment with
barriers, a row of dentated barriers with a height of five centimeters installed at a distance of 40 centimeters from
the weir toe. In addition, in the experiment with barriers, a sill was used at the end of the weir. The height of the
end sill was considered to be two, three, and four centimeters. The experiments were conducted under seven
different flow conditions (Froude number in the range of 6.34 to 12.5 at the beginning of the jump). The results
showed that the use of a discontinuous barrier with the end sill reduced the length of the hydraulic jump. Changing
the height of the final sill did not have a significant effect on reducing the length of the hydraulic jump, with a
maximum effect of about 5.7%. The results showed that the use of a discontinuous barrier at heights of 0.05,
0.08, and 0.11 times the height of the structure reduced the length of the hydraulic jump by 52, 53, and 57.7
percent, respectively.

Introduction

Neck point migration in steeply sloping mountain streams, in addition to reducing the bed level and
widening the channel for a long distance, causes a large amount of sediment to transport downstream.
The sediments are deposit in the downstream areas of the riverbed or dam reservoirs, which leads to a
decrease in the sediment transport capacity of the river or a gradual decrease in the capacity of the dam
reservoir. Studies show that up to 90 percent of the sediment accumulated in dam reservoirs is due to
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neck-point migration. To control such disaster, the location of all depressions in the streambed must
first be determined with the help of accurate maps or ground surveys. Then, a grade control structure
is construct at the site of the depression. Among the most widely used structures is the vertical drop
structure (VDS). As is clear, the kinetic energy at the basin should be dissipate by creation of hydraulic
jump. This occurs when sufficient downstream flow depth is available. Although this point is taken
into account during the design of the structure, the gradual erosion of the channel bed during operation
will lead to the deepening of the downstream streambed and, as a result, tailwater depth decreases. In
addition, climate change has led to abnormal events, and as a result, the flow conditions have also
changed, causing floods with higher flow discharge and higher entrance flow velocity. Which results
in increasing both L; and L, and part of the jump shifted downstream of the basin which led scouring
at the streambed.

Considering the above problem mentioned, a new structure can be construct, or the existing
structure to be modified in such a way that the hydraulic jump requires a smaller tailwater depth and
occurs over a shorter length. Various solutions have been investigated so far to deal with this problem.
Among them, several studies have been conducted to reduce the kinetic energy of the jet entering the
structure, which in turn reduces the L; and the length of the hydraulic jump or L,. Placing mesh plates,
dentate the crest of the structures or widening the approaching channel are among studies have been
done so far. Although these studies have achieved good results in dissipating the approach velocity,
trapping the boulders, tree branches, foliage, and floating objects can block the meshes and take them
out of use.

Therefore, the purpose of the present studies is to use dentate baffles on the basin floor and the end
sill at the end of the basin to investigate their use on the basin length reduction.

Experimental apparatus

A model of vertical drop structure (VDS) built in a flume of 15 meters long, 30 cm wide and 50 cm
long with glass walls at the hydraulic laboratory of Shahid Chamran University of Ahvaz. To measure
the flow rate, an ultrasonic digital flowmeter manufactured by Farasanj Company used with an
accuracy of one percent. A mechanical depth gauge with an accuracy of one tenth of a millimeter used
to measure the water depth. The VDS is a metal plate 30 cm wide and 35 cm high, installed at 3 meters
downstream of the flume entrance. Two series of experiments conducted: the first series of seven
experiments without baffles and the second series of 21 experiments with baffles in the middle of the
jump and at the end with three different heights. The test method was as follows: the water flow entered
the flume slowly to provide the desired flow rate. Then the downstream valve gradually closed until
the hydraulic jump formed freely downstream. These conditions e kept constant for a while and after
ensuring that the flow conditions is stable. Seven different inlet flow conditions were established. The
head upstream of the structure was considered equal to : 4, 4.5, 5, 5.5, 6, 6.5 and 7 cm, respectively.
During each test, the flow rate, the initial jump depth, the secondary jump depth, the jump length and
the location of the nape flow attack the bed downstream of the breakwater measured. The hydraulic
jump length s defined as the distance between the starting point and the point where the bubbles almost
disappear and water surface has little variation. The initial and secondary jump depths measured by a
point gauge. At the same time, photographs and videos taken from the front view with a camera.

Results

The measured L1 were compared with Rand (1955) formula which shows 2% difference. The
measured Y also were compared with Blanger’s equation and the Rand (1955)’s relation The results
show good agreements.

Figure (1) also shows comparison of the results of L./P for the baseline and dentate floor baffle
(DBF) and end sill with different height. As seen, the value of L./P is higher for the end sill with
H»/P=0.05 than in the other end sill. After that, the end sill with H,/P=0.08 have the highest value of
L,/P. The value of L,/P at H»/P=0.11 has the lowest value. It should be noted that the value of L2/P at
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H2/Ps of 0.05 and 0.08 is the same except for Yc/P of 0.09, so the data related to them are consistent.
Figure (1) shows that the value of L2/P in the experiments with the presence of DBF with different
threshold heights has decreased compared to the control experiments. The lowest value of L,/P
reduction is related to all Yc/Ps with height H»/P=0.05, which is an average of 52%. The value of L2/P
reduction for the end sill with height H/P=0.08 for Yc/Ps of 0.07 to 0.19 is an average of 53%. The
value of L,/P reduction for the end sill with height of H2/P=0.11 at Yc¢/Ps = 0.07 to 0.19 is an average
of 57.7%; therefore, the weakest performance in terms of jump length reduction is for the end sill with
H,/P=0.05 and the best performance in this regard is for the end sill with height of H»/P=0.11.
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Fig. 1- Variation of L2/P from basin without baffles and with dentate baffles and end sill with different
height

Conclusion

The aim of the present study was to experimentally investigate the effect of dentate baffles installed
at the floor of vertical drop structure’s basin and the end sill with different height, on the jump
characteristics. The basin can be design and installed to control the neck-point migration in mountain
streams or to modify the existing basin with smooth bed which its downstream bed has experience
sever erosion. To reach such purpose, two series of experiments carried out and by analysis of data,
the following results were obtained:

1-The results of the baseline tests agree with the Rand (1955)’s prediction relations for the L; and
Y in the basin.

2-The height of the end sill has shown a little effect on the length of hydraulic jump, L..

3-The dentate floor baffles and the higher end sill (H»/P=0.11) can reduce the jump length by as
high as much 57% compare to the jump which occur at the smooth bed basin.
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