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Revised: 2021/01/08 Introduction: Labyrinth weirs are structures that are designed to
Accepted: 2021/02/03 transfer large currents at low heads. In other words, labyrinth weirs
are a special type of nonlinear weirs, which are used as an economic
and technical option for controlling the flow. They are usually used
when the weir capacity cannot be enhanced by increasing the weir
width due to topographic conditions.

Methods: The laboratory studies of this research were conducted
on a flume in the hydraulic laboratory of Khuzestan Water and
Electricity Organization, Iran. The weir laboratory models in this
study were installed in a rectangular flume (length: 12 m; width: 0.6
m; height: 0.6 m). Due to the lack of comprehensive studies on
examining the weir discharge coefficientin an arched plan mode, we
conducted some studies on trapezoidal arc congressional weirs with
different arc radii and cycle lengths. We also performed several
experiments using physical modeling to evaluate the effect of the
ratio of the nose width of the weir side cycles to the nose width of
the middle cycle (w2/w1), the ratio of the radius of the arc to the
width of the middle cycle (R/w1), and the ratio of weir cycle length
to the middle cycle width (B/w1) on the weir discharge coefficient.
Discussion and Conclusion: Revealed by these experiments, the
discharge coefficient shows an incremental trend of up to 33% by
reducing the ratio of the nose width of the weir cycles (w2 /w1).
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Extended Abstract

Introduction

Labyrinth weirs are recognized by several
iterations in their indirect axis. These types
of weirs allow passing further flow rate by
increasing the effective length of the crest in
a certain width at the same hydraulic load
compared to direct weirs. The efficiency of
this type of weir appears to be significant in
low hydraulic loads since the interference of
the flow layers will be associated with the
reduced discharge coefficient with the
increased thickness of the water nappe on
the weir (18). Weirs play a decisive and
significant role in the safety of dams. Experts
should inevitably choose floods with a high
return period as the designed flood of weirs
to minimize human and financial losses due
to the failure of dams. Basically, the
discharge of large floods can be done in two
ways, either by increasing the length of the
weir crest or by increasing the hydraulic
load. In practice, increasing the hydraulic
load is often realized by embedding valves in
the weirs, which allows increasing the flow
rate per unit length of the weir. However, it
should be noted that the safety of these weirs
may not be reliable in emergencies. On the
other hand, it is not always possible to
increase the weir capacity by increasing the
weir width since the topographic conditions
of the weir construction site can act as a
limiting factor in choosing the length of the
crest. In the meantime, the use of labyrinth
(polygonal) weirs seems to be an approach
to increase the discharge capacity of weirs. A
weir with a labyrinth arced plan is known as
a cost-effective solution to increase the
efficiency of dams with high limits (for
example, limited space, high flood discharge)
(13). Except for the studies conducted by
Crookston and Tullis (7,8), other studies
have focused merely on labyrinth weirs with
linear cycles, or finally, with an arched nose.

Crookston et al. provided a method for
hydraulic design and analysis of labyrinth
weirs based on the experimental results of a
physical model and calculated and presented
the discharge coefficient for labyrinth weirs
with a quadrilateral and a semicircle crest
shape and lateral angles of 6 to 35 degrees.
In their study, they also examined the nappe

behavior that affects flow performance and
provided  specific  hydraulic design
considerations for nappe features (9).
Monjezi et al. conducted a laboratory study
on the flow discharge coefficient in arched
labyrinth weirs with a triangular plan.
According to the results of their
experiments, an increase in the effective
length of the weir as a result of its arching
has been associated with improved
efficiency of linear arc weirs by up to 21%
and labyrinth arc weirs by about 57% (16).

Materials and Methods

The laboratory studies of this research were
performed on a flume in the hydraulic
laboratory of Khuzestan Water and
Electricity Organization, Iran. The weir
laboratory models in this study were
installed in a rectangular flume (length: 12
m; width: 0.6 m; height: 0.6 m). The walls of
the flume were transparent and made of
Plexiglass and the flow passing over the weir
was in a free state. The floor of the flume is a
fixed bed with no slope and is horizontal.
The water flow is first directed by the pump
from the ground tank to the head tank. The
water then enters the flume inlet tank
through a pipeline controlled by a flap valve,
which is calmed by the existing mesh sheet
and then transferred to the main body of the
flume. The flow enters the channel slowly
and with a low flow rate and slowly passes
over the weir, which is installed in the flume
bed. In other words, by changing the flow
rate (discharge), the hydraulic conditions
passing through the weir are examined and
recorded. Finally, after passing through the
weir, the water flow reaches the end of the
flume and enters its terminal tank, through
which, it is transferred to the underground
tank and returns to the cycle. According to
the abovementioned, the flow was well
established in the flume at first to perform
the experiments. This procedure lasted for
15 minutes for low currents that have less
turbulence or often no turbulence at all.
However, it lasted longer for the flow to be
calmed for high currents with more
turbulence. In general, the hydraulic flow
information was collected after establishing
a uniform flow in the flume. A total of 360
experiments were conducted using 30
physical models of trapezoidal arc labyrinth
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weirs with different middle cycles, with fixed
parameters (total cycle width (W): 600 mm,
thickness (T): 5 mm, number of cycles (N):
5), and with variable parameters (the ratio
of the nose width of t the side cycle to the
middle cycle (w2/w1l) as 0.42, 0.35, and
0.30, the ratio of cycle length to the middle
nose width (B/w1) as 1, 1.25, and 1.5) in
three different arc modes. Each experiment
was repeated three times, and in the case of
close numbers of the two experiments, those
numbers were recorded.

Findings

The results obtained from performing
hydraulic tests on trapezoidal arc labyrinth
weirs with different middle cycles with
different ratios of noses’ widths and cycles’
lengths were discussed in the following
three modes.

1. The effect of the weir nose width
ratio on the discharge coefficient in
the arc radius ratio of R/wl =5 and
different length ratios (B/w1)

2. The effect of the weir nose width
ratio on the discharge coefficient in
the arc radius ratio of R/w1 =10 and
different length ratios (B/w1)

3. The effect of the weir nose width
ratio on the discharge coefficient in
the arc radius ratio of R/w1 =15 and
different length ratios (B/w1)

Conclusion

The results of this study, carried out on
trapezoidal arc labyrinth weirs with
different nose widths and cycle lengths,
revealed that the weir discharge coefficient
increased from 13% to 33% by reducing the
nose width ratio of the weir cycles from
w2/wl=0.42tow2/wl =0.30. It should be
noted that the weir discharge coefficient
increased by reducing the ratio of the nose
width of the weir cycles due to the reduction
of the wall width ahead of the passing flow
and the resulting decreased hydraulic drop.
Also, the weir discharge -coefficient
increased between 2% to 30% by reducing
the weir length ratio from B/wl = 1.5 to
B/w1 = 1. This increase occurred due to the

decreased effective weir length in smaller
longitudinal ratios. Based on the study
findings, the flow discharge coefficient
decreased from 22% to 66% in all weirs with
increasing the hydraulic load due to the
expansion of local submergence. Also, the
weir discharge coefficient decreases up to
33% with increasing the ratio of the nose
width of the side cycles to the middle cycle of
the weir (W2/W1).
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