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Introduction

This study uses the blocking of a two-cycle circular piano key weir (C.P.K) that benefits from a
considerable vortex breaking capability compared to other kinds. To do so, the impact of floating
objects on the blocking amount of this weir is investigated using 13 pieces of wood with slenderness
coefficients (Lq/Dq) of 15, 20, and 25. Three slopes of 1:0.5, 1:1, and 1:1.5 (vertical: horizontal) were
chosen to study the impact of the bottom slope of the input and output keys on the blocking probability.
To reach the mentioned slopes, the shape of the weir was designed and built with three P/D relative
heights of 0.5, 1, and 1.5. The experiments showed that the weir had more blocking probability with a
relative height of 1.5 than the other models with fewer key slopes. In addition, individual experiments
revealed that the diameter of floating objects was more influential on blocking probability than the
length of the objects and the amount of upstream watery load. It can generally be concluded that
increasing the diameter and length of the floating objects are directly and indirectly correlated with the
blocking amount and the amount of watery load on the weir crown, respectively. Comparing the
obtained results with the bell-mouth spillway reveals that the C.P.K weir benefits from more sediment
trapping capability.

Methodology

According to the predicted scenarios and the objectives of the present research, various weirs were
made under the slopes of the input key to the output equal to 0.5: 1, 1: 1, and 1.5: 1. Therefore, three
models of the C.P.K weir were made here. The results were also compared with two glory overflows
with different heights made in this study. All experiments were carried out on a flume (6 m long, 1 m
high, and 1 m wide) in the Hydraulic and River Engineering Research Laboratory of Jundishapur
University of Technology. An electromagnetic flowmeter was used to measure the discharge into the
reservoir, which was located in the direction of the pipeline from the pumping system to the upstream
reservoir. The height of the water inside the reservoir and over the weir was also measured using a
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depth gauge with a precision of 0.1 mm installed on the tank. According to the studies on the blockage
created on the overflows during the flood, 13 types of wood with different lengths and diameters were
selected (Pfister et al., 2013b) to achieve the objectives of the present study. The practice of scaling
the length and diameter of shoots was based on the 15, 20, and 25 coefficients of slenderness. A wide
range of wood with different lengths and diameters is used to achieve the appropriate dimensions, and
the relationship between the flow rate and the size of wood in the laboratory conditions is in accordance
with the natural conditions.

Results and Discussion

The experiments were carried out by changing the flow rate Q from 0.5 to 12.6 L/s. In this study,
the changes of fitting lines were observed between experimental results for the slenderness coefficients
15 and 20, except for the blockage possibility equal zero and one, it is almost linear and with the
increase of the relative head, the blockage probability decreases and with decreases of the relative head,
the blockage probability increase.

The weirs with larger relative heights are more probability to blockage for two reasons. In the first
point, a higher discharge coefficient in the same conditions reduces the amount of water on the weir
and, consequently, decreases the momentums of passing flow on the weir. This reduces the amount of
force applied to the floating wood for passing from the weir and thereby increases the possibility of
blockage. From another viewpoint, increasing the relative height of the weir leads to the rise of input
and output key walls. This could also increase the blockage probability of the weir in the face of
floating objects.

The blockage probability of floating debris in the C.P.K weir has a decreasing trend with increasing
the slenderness coefficient, and the probability of blockage in the weir with similar height and cycles
in a slenderness coefficient of 15 is more than its values at the slenderness coefficients of 20 and 25.
The floating debris with a bigger slenderness coefficient is more likely to blockage due to having a
smaller diameter in the same lengths than those with lower slenderness coefficients, indicating the
effect of the diameter of the debris on the blockage probability.

The results of the evaluation showed that the C.P.K. blockage probability versus glory spillway was
more than one for all floating debris slenderness coefficients. In the best case, the blockage probability
of the C.P.K. is 3 times bigger than that of the glory spillway. This means that the C.P.K. has a greater
potential for trapping the floating debris, which prevents them from going downwards, blocking the
water duct, and causing damage to the hydraulic equipment in the duct.

Conclusions

The results showed that in a weir with a greater relative height, the conditions for increasing the
probability of blockage are facilitated due to having longer outlet key walls. In fact, the vortex breakers
power of the two-cycle C.P.K. plays a key role in this regard. Compared to the glory overflow, the
blockage probability of the two-cycle C.P.K. indicates that when facing these two types of overflow
with the debris flows, there is a significant improvement in the performance of the two-cycle C.P.K.
In the best-case conditions, the blockage probability increases by up to three times the glory overflow.
Therefore, it can be concluded that if the intake facilities of a pond near the rivers responsible for the
drainage or discharge of excess water, the use of a crown wheel inlet in them can help to increase both
the flow discharge coefficient and the vortex breaking power and prevent the entry of floating wood
and rubbish into the duct.
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Table 1- Specifications of wood samples used in the present study

Category number

Specifications
1 2 3 4 5 6 7 8 9 10 11 12 13
Dg(mm) 1.7 125 1 14 1 08 1 075 06 07 05 05 04
La(cm) 25 25 25 20 20 20 15 15 15 10 10 10 5
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Fig. 3- The classification of wood used with different Slenderness Coefficient
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Fig. 4- The blockage created in the circular piano key weir
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Fig. 5- The process of changes in the blockage probility in the circular piano key weir with a
relative height of 0.5 versus changes in the relative diameter and relative length of floating debrise
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Fig. 6- The process of changes in the blockage probility in the circular piano key weir with a
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Fig. 7- The process of changes in the blockage probility in the circular piano key weir with a
relative height of 1.5 versus changes in the relative diameter and relative length of floating debrise
9 508 O gdi 9l 381,0 91y (P/Di) wé EW 1L SI41050 6 35 g (1) ol Jloxo! Ol g Nigy Y Ko
2905 plur! (i Jobo

4
LaiDy=0o
“es La/Dg =Y+
sl . T LaDy=Y8
)
N
R
1 4
0 0 : ‘
0 1 2 3 4 5 & 7 0 20 40 60 80 100

Ly/H,
Fig 8- Comparison of the the blockage probility in the circular piano key weir versus morning
glory spilway with a relative height of 1.5 versus changes in the relative diameter and relative

length of floating debris
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Fig 9- Comparison of the The blockage probility in the circular piano key weir versus morning
glory spilway with a relative height of 1 versus changes in the relative diameter and relative length
of floating debrise
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