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Abstract - Due to minor changes in the static load on the crest in 
case of large fluctuations in flow rate, polyhedral weirs, compared 
with other types of weirs, are considered as economic structures to 
control water levels in the irrigation networks. Using labyrinth weirs 
is an effective and economical approach to improve the efficiency 
of the weir by increasing its effective crest length. In this case, for a 
constant hydraulic height and width, it passes a greater discharge in 
comparison with other types of weirs. In this study, the V-shaped 
plan-form weirs are studied [1, 2]. Tests are conducted on 30 
models with 7 different discharges, and in a total of 210 tests. The 
models include 30 V-shaped weirs with various lengths. The models 
are investigated in a flume with 8 m length, 0.35 m width and height 
of 0.40 m. The results of this study indicate that for all triangular-
shaped weirs the ratio of discharge coefficient to P/  ( : total 
hydraulic load, P: weir height) is at first increased and after reaching 
a maximum, begins to be reduced. As the height of labyrinth on the 
weir wings increases, as a result of increases in effective length, the 
discharge coefficient is increased for a specific /P. The results 
also show that increasing the wing length reduces the discharge 
coefficient. Also, the discharge coefficient is greater for V-shaped 
weirs than linear ones. 

Keywords: polyhedral weirs, the effective length of the crest, 
discharge coefficient, hydraulic height 

    

 1.Introduction 

One of the problems faced by the irrigation networks is 
changes in the discharge flowing through the intake structure 
due to sever fluctuations in water level in the main channel.  

Labyrinth weirs are of hydraulic structures used to adjust the 
water level and to control the flow in the canals and rivers and 
dams reservoirs. According to the relation between the 
discharge and hydraulic load in weirs, one approach to reduce 
the fluctuations arising from discharge changes is to increase  

 

 

the length of weir crest. The discharge coefficient of weirs 
depends on several factors including hydraulic characteristics 
of flow passing over the weir crest and geometric 
characteristics of the weir [3, 4, and 6]. According to the 
relation for labyrinth weirs, as the length of the weir increases, 
the flow rate increases proportionally [7]. This type of weirs 
appears in plans as trapezoid, triangle or duck-bill shape and 
can be repeated for several cycles.  

Figure 1 (a, b) shows sample weir models used in this study. 

 

Figure 1-a) A sample labyrinth weirs used in the experiment with the 
width and height of 8 and 6 cm for the labyrinth, respectively. 
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Figure 1-b) A sample labyrinth weirs used in the experiment with the 
width and height of 4 and 6 cm for the labyrinth, respectively. 

The first attempt to analyze the polyhedral weirs can be 
attributed to Hey and Tailor. These two researchers expressed 
the efficiency of polyhedral weirs by the ratio of . In 

this relation,  is the discharge of polyhedral weir with length 
of L; and  is the discharge of a common (linear) weir with 
length of W (equivalent to the width of the main channel) in a 
certain hydraulic load. These studies revealed that the 
efficiency of polyhedral weirs is desired at low hydraulic loads. 
Darvas used the experimental results of polyhedral weirs for 
Veronora and Oven dams in Australia and represented some 
curves for designing this type of weirs. Raw and Indlecoffer 
used experimental results to investigate the effect of the corners 
of labyrinth weirs, and finally represented a relation to 
calculate the discharge within these types of weirs. United 
States Bureau of Reclamation (USBR) has conducted some 
studies on laboratory model of polyhedral weirs for Utah and 
Hey-Ram dams. The reports released by the organization 
represents that there is a differences between results obtained 
by the USBR and those by Hey and Taylor. This difference 
results from applying Piezometric load rather than total water 
load by recent researchers [8, 9, and 10]. 

Lax used total water load instead of Piezometric load and his 
empirical formula for polyhedral weirs discharge indicated that 
the efficiency of polyhedral weirs in high water load values is 
significantly lower than that of other studies. Using 
dimensional analysis and comparing it with experimental  

results, Lax and Hinchliff provided an approach to design 
polyhedral weirs with simplicity and accuracy higher than 
previous methods. Tolis et al. studied trapezoidal plan-form 
weirs and provided an approach to design based on different 
angles of  [13, 14, and 18]. In this design approach is so that 
in a polyhedral weir, the angle and the number of cycles is 
changed to obtain the desired configuration and discharge.  

 

 

Vermilton and Tsang studied the efficiency of polyhedral weirs 
during aeration and increase of dissolved oxygen in the river. 
They came to the conclusion that polyhedral weirs, in 
comparison with linear weirs, have a much better performance  

to increase the dissolved oxygen. Tolis et al. modified the 
design criteria for the polyhedral weir of Brazos dam while  

operating at low heads. Most used polyhedral weirs have a 
trapezoidal or triangular plan. The objective of this study is to 
investigate the hydraulic performance of V-shaped plan-form 
weirs and to compare them with each other and with linear 
plan-form weirs [16, 17]. 

2.Methods and Materials 

A) Laboratory Equipment 

The laboratory studies of this research are conducted in a 
laboratory flume with length of 8 m, width of 35 cm and height 
of 40 cm. The flume is feed by a pump with a maximum 
discharge of 30 liters per second. Discharge changes in the 
flume are applied by a flow control valve located immediately 
after the pump and at the inlet. To feed the flume, the water is 
pumped from a main source in a closed cycle, and after passing 
through a tranquilizers located at the beginning of the flume, it 
flows into the flume. After passing through the laboratory 
flume, water flows into a tank measuring the volumetric 
discharge and then flows into the main tank. The laboratory 
flume used in this study has plexiglass floor and walls and is 
mounted on a steel truss. Figure 2 shows a view of the 
laboratory flume used in this study. 

Figure2. A view of the used laboratory flume 
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B) Measurements: 

 In order to determine the discharge coefficient for the weir, we 
need to measure the discharge passing through the weir as well 
as the hydraulic load over it. The flow discharge is calculated 
using the volumetric method. The water depth is measured at 
upstream and downstream using a Vernier caliper mounted on 
an altimeter is fitted with an accuracy of 0.05 mm. The 
altimeter can move through the length and width of the 
channel. 

C) Laboratory models  

This study uses 30 laboratory models. Due to the constraints in 
channel width and to avoid excessive small laboratory models, 
all models are made as a single cycle. The models used in plan-
form are V-shaped. Tables 1 and 2 show specifications of all 
laboratory models used by a 60cm weir with a 3cm×4cm 
labyrinth and a 90cm weir with a 9cm×12cm labyrinth, 
respectively. All models are installed at almost the middle of 
the lab channel with fully developed flow and pretty smooth 
water flow at upstream and without small surface wave. 

As Table 1 and 2 specify, this study investigates triangular-
shaped labyrinth weirs with a fixed height of 17cm, a wall 
thickness of 0.7 cm, and wing lengths of 30, 60 and 90 cm 
having labyrinths with three different heights (3, 6, and 9cm) 
for 7 various discharges with overall 210 samples, height of 17 
cm, and wall thickness of 0.7cm located at a flume channel 
with 7 different discharges is also investigated to be compared 
with labyrinth weirs. Weir cycles are attached to the flume 
floor by double sided glue and silicone glue are used for 
sealing. 

 

 

 

 

 

 

 

 

 

 

 

Table1.  For a labyrinth with ۶ cm height and ۴ cm width in the wing 
in a 60 cm triangular weir 

 

Table 2. For a labyrinth with 9 cm height and 8 cm width in the wing 
in a 90 cm triangular weir  

Q(Lir/s) 

Water 
height 

over the 
weir 

H(cm) 

Weir 
heig
ht 

P(cm
) 

H/P Cd 
Test 
No. 

4.500.52 9 0.0470.0291 

5.800.58 9 0.0520.03112 

70.72 9 0.0650.03733 

14.51.8 9 0.1630.0984 

192.8 9 0.2540.1025 

20.23.4 9 0.3090.1126 

234.5 9 0.4090.157 

Q(Lir/
s) 

Water 
height 

over the 
weir 

H(cm) 

Weir 
height 
P(cm) 

H/
P 

Cd 
Test 
No. 

4.50.613 0.64.51 

5.80.7213 .725.82 

70.9513 .9573 

14.5413 0.414.54 

194.813 4.8195 

20.2617 620.26 

234.617 4.6237 
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D) Since this study is based on the chart comparison, charts 1, 
2, 3, 4, 5 and 6 show Cd variation versus H/P for 30, 60 and 90 
cm triangle weirs with various labyrinths and widths.  

 

Chart1. A chart comparison between 30, 60 and 90 cm weirs with a 
labyrinth with 12 cm width and height of 3 cm. 

 

Chart2. A chart comparison between 30, 60 and 90 cm weirs with a 
labyrinth with 12 cm width and height of 6 cm. 

The comparison of two weir models with lengths of 30, 60 and 
90 cm, width of 12 cm and labyrinth heights of 3 and 6 cm is 
presented. As obvious, the discharge coefficient is greater for 
30 cm weirs than 60 cm ones and for 60 cm weirs than 90 cm 
ones, and as the height of labyrinth increases, the discharge 
coefficient increases. 

 

 

Chart3. A chart comparison for 90 cm weirs with a labyrinth with 4 
cm width and height of 3,6, and 9 cm. 

 

Chart4. A chart comparison for 60 cm weirs with a labyrinth with 4 
cm width and height of 3, 6, and 9 cm 

The above charts indicate that as the labyrinth height increases, 
and the discharge coefficient increases and has the minimum 
value for the case where there is no labyrinth. 
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Chart5. A chart comparison between 30, 60 and 90 cm weirs with a 
labyrinth with 4 cm width 

The above chart, which corresponds to a labyrinth with width 
and height of 5 and 4 cm for weirs with various lengths, 
indicates that as the labyrinth height increases, the discharge 
coefficient is increased proportionally. 

 

 

 

Chart6. A chart comparison for 60 cm weirs with labyrinth widths of 
4, 8 and 12 cm 

As the chart comparison for 60 cm weirs with labyrinth widths 
of 4, 8 and 12 cm shows, at smaller widths, the discharge 
coefficient is higher. 

E) Discharge Coefficient  

In above charts, the discharge coefficient is calculated using the 
following equation [1, 11, 12, and 19]: 

   =    *   

 

Eq. 1 

Where 

 =  discharge coefficient; 

Q = flow rate (m3/s); 

L = effective length of the crest (m); 

  = total hydraulic load (m), i.e. total static and dynamic load; 

g = acceleration of gravity (m/s2) 

 

3.Results and Discussion 

The results obtained after creating new labyrinths in the wing 
of polyhedral triangular-shaped plan-form weirs show that in 
simple labyrinth weirs, as the length of weir wings increased, 
the discharge coefficient decreased, i.e. the discharge 
coefficient was greater for weirs with shorter wings. 

Creating deeper labyrinths in the wings also increased the 
discharge coefficient and the shorter the weirs were, this 
increase was more significant. 

Increasing the width of the labyrinth had no desired effect on 
the discharge coefficient and is smaller widths, the discharge 
coefficient was higher. 

The results also indicate that as discharge increased, the 
discharge coefficient in weirs with labyrinths in wings was 
increased to reach a Max point and then started to decline. 
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