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Abstract

Introduction: Labyrinth design of weirs is a good way to increase their capacity, which is a
trapezoidal plan of the most common types of weirs. The first hydraulic studies were
presented by Taylor (1968) and later by Hay and Taylor (1970) and Darvas (1971). Kumar et
al. (2011). Crookston and Tullis (2012) experimentally studied the properties of blade
interference and local immersion in congressional overflows. Sangsefidi et al. (2017) examined
the hydraulic performance of arched zigzag overflows. Bijan Khan and Ferro (2017)
determined the relationship for triangular congressional overflows in free and submerged
flow conditions. Azimi and Hakim (2018) analysed the hydraulic flow on rectangular
congressional overflows. Kumar et al. (2020) showed that the overflow discharge efficiency of
a standard rectangular piano key was improved by trapezoidal geometry of 2 to 15%.
Allahdadi and Shafaei Bajestan (2019), provided a relationship to calculate the flow rate using
critical depth by studying arc zigzag overflows with rectangular cross section.

The object of the present study is to obtain a relationship to calculate the flow rate from arc
zigzag overflows with trapezoidal cross section, using the geometric parameters of the weirs
and the critical depth parameter.

Methodology: The study used 145 laboratory data from the University of Utah in the form of
eight models. In this research, for the first time, the critical depth is used to calculate the
discharge. In this study, using the geometric characteristics of the coefficient overflow as the
shape coefficient () was presented. The parameters affecting the shape coefficient in zigzag
arc overflows are Ht, Lct, Lt, W and P. The critical depth is related to the flow and width of the
downstream canal and is characterized by a longitudinal dimension. Therefore, it will be used
to dimension the water depth parameter on the weir crest or weir height. Having the geometric
characteristics of the weir and the general head on the weir crest, the flow rate can be
calculated. It should be noted that the maximum critical depth can be equal to the height of
the weir and can be used to calculate the maximum capacity of arc weirs in the free flow mode.
In this case it will be yc=p and the flow rate through Equation will be calculated.

Results and Discussion: The relationship between the coefficient 3 and the ratio of critical
depth to weir height yc/p is presented for two types I and II. Results shows that the greater the
angle of the weir walls, the greater the critical depth. The reason for this result is less
interference of the flow layers, more aeration of the flow and increased flow through the
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overflow. yc/P is in the range of 0.00 and 1.00 for all models.

The Ht/P parameter has been used by many researchers in previous studies. Ht/P is a simple
parameter to measure. In contrast, the parameter y...) determines the critical depth based on
the total length of the weir, and the flow rate of this parameter can be measured directly. Using
the parameter y.r), the resulting equation is presented for all models without limitation of the
central arch angle and the angle of the weir walls. In the resulting equation, R?=0.990 indicates
the high accuracy of the relationship.

Conclusion: In this study, 145 laboratory data were used, including four types of arc labyrinth
weirs with different arc radius and tangent lengths. The discharge efficiency was introduced
as a dimensionless parameter using dimensional analysis. The relationships between and
the critical depth of flow (yc/P) were obtained using graphs for two different types with
accuracy of R>=0.983 and R?= 0.998. Then, a graph between (y..//P) and Ht/P was presented to
calculate the critical depth. The results showed that the calculated flow rate obtained using .
is consistent with laboratory values so that the relationship between them has high accuracy,
R?=0.982.
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Fig. 1 Labyrinth Weirs with different geometric plan
(Yasi and Mohammadi, 2007)
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Table 1 Tulis relation coefficients for calculating the discharge coefficient Cq

a = Angle (degree) AL Az Az As As
6 0.49 -0.24 -1.20 2.17 -1.03
8 0.49 1.08 -5.27 6.79 -2.83
12 0.49 1.06 -4.43 5.18 -1.97
15 0.49 1.00 -3.57 3.82 -1.38
18 0.49 1.32 -4.13 4.24 -1.50
25 0.49 151 -3.83 3.40 -1.05
35 0.49 1.69 -4.05 3.62 -1.10
90 0.49 1.46 -2.56 1.44 0.00
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Table 2 Summary of geometric characteristics of weirs (Christensen, 2012)

Model No. o (degree) 6 (degree) P (inch) Lc (inch) Type
1 12 10 8 63.45 1
2 12 10 8 63.45 1
3 12 20 8 63.45 1
4 12 10 8 63.45 I
5 20 10 8 40.11 11
6 20 30 8 40.11 11
7 20 20 8 40.11 11
8 20 10 8 40.11 11
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Table 3 Summary of geometric and hydraulic characteristics of Arced Labyrinth Weirs

Measured N Z_ :_ g3
Lc/W Discharge Ht(ft) P (ft) evele Lc(ft) W(ft) R(ft) Cd 2 & 3538
(s ’ : 8 @8
4.447 2.987 0.063 0.664 10 52.833 11879 7.674 0.672 12 10 100
4.447 3.636 0.071 0.664 10 52.833 11879 7.674 0.684 12 10 100
4.447 4.048 0.076  0.664 10 52.833 11879 7.674 0.687 12 10 100
4,174 12.305 0.227 0.671 7 37250 8.925 7.674 0573 12 12 70
4174 12.971 0.238 0.671 7 37.250 8925 7.674 0560 12 12 70
4,174 14.088 0.260 0.671 7 37250 8925 7.674 0535 12 12 70
4.416 1.529 0.062 0.666 5 26.500 6.000 3.847 0.692 12 20 100
4.416 1.683 0.067 0.666 5 25500 6.000 3.847 0.686 12 20 100
4.416 2.015 0.074  0.666 5 26.500 6.000 3.847 0.707 12 20 100
2.849 2.135 0.069 0.667 10 33.807 11.864 7.674 0.658 20 10 100
2.849 2.327 0.072  0.667 10 33.807 11864 7.674 0.665 20 10 100
2.849 14.088 0.253 0.667 10 33.807 11864 7.674 0.612 20 10 100
3.396 1.084 0.068 0.666 5 17.244 5077 2575 0.660 20 30 153
3.396 1.331 0.077  0.666 5 17.244 5077 2575 0679 20 30 153
3.396 1.558 0.084 0.666 5 17.244 5077 2575 0.698 20 30 153
3.396 1.870 0.094 0.666 5 17.244 5077 2575 0.707 20 30 153
3.396 2.183 0.103  0.666 5 17.244 5077 2575 0719 20 30 153
3.396 2.350 0.108 0.666 5 17.244 5077 2575 0721 20 30 153
3.396 2.663 0.117 0.666 5 17.244 5077 2575 0.720 20 30 153
2.832 15.515 0.507 0.666 5 16.995 6.000 3.847 0473 20 20 100
2.832 16.727 0.547 0.666 5 16.995 6.000 3.847 0455 20 20 100
2.832 18.143 0.581 0.666 5 16.995 6.000 3.847 0451 20 20 100
2.610 0.975 0.064 0.675 5 17.186 6.583 7.674 0.658 20 10 50
2.610 1.132 0.070 0.675 5 17.186 6.583 7.674 0.661 20 10 50
2.610 2.086 1102 0.675 5 17.186 6583 7.674 0.699 20 10 50
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