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Abstract: Labyrinth weirs are commonly used to increase the capacity of existing spillways
and provide more efficient spillways for new dams due to their high specific discharge
capacity compared to the linear weir. In the present study, an experimental and numerical
investigation was conducted to improve the rectangular labyrinth weir performance.
Labyrinth spillway is the effective and economical solution to increase the discharge by
increasing the spillway crest length without an associated increase in structure width. Use
of labyrinth spillway is particularly suited to sites where the spillway width and upstream
watersurface are limited and larger discharging capacities are required.

Keywords: - Arced labyrinth weir, Approach flow, labyrinth spillways, Discharge
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1. INTRODUCTION

Most failures in dams occur by water flow passing over the crest. Consequently, the most
important factor is the insufficiency of the weir capacity. By increasing the weir crest length
or the flow depth, it is possible to control large floods. Since the volume of flow passing
through the weir is a function of length and shape of the crest, extensive research has been
conducted on the impact of hydraulic and geometric parameters on thedischarge coefficient
of weirs. One of the most effective ways to increase the weir length is with non-linear
designs (such as triangular, trapezoidal, and circular) which are called labyrinth weirs. These
types of weirs increase capacity of passive-control spillways and reduce the required
upstream head compared to linear weir.

The weir length is a essential parameter that determines the effectiveness of a labyrinthweir
on flow. In general, the longer the weir length, the more effective the weir is at producing a
longer and wider zone of improved flow over the crest. The length of the weir should be
dependent on the channel geometry. Weir height can also influence the effectiveness of a
weir. A properly designed weir height can manage the magnitude of discharge passing over
the weir. The optimal plan shape weir passes Maximum discharge by keeping the head over
the crest constant for samecrest length of the various plan formweirs. It is necessary to
select from aset of proposed platform weirs, thebest (optimal) one for development ofan
economic unit, the one that ensuresthe most efficient use of resources. Anoptimal plan for
the development ofan economic unit is drawn up on thebasis of the solution of a problem
which arises while the function of thestructure. A specific plan variant canbe selected
on the basis of thecriterion of optimality. The usualproblem is to find the platform whichis
optimal so that it minimizes acertain setback while satisfyingconstraints.
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2. LITRETURE REVIEW: -

Labyrinth weir head-discharge relationships have been describedby various empirical
equations. These relationships vary basedon9 different definitions of thedischarge coefficient,
the character-is tic weir length, and the upstream driving head (e.g., the inclusionof the
velocity head component VV2=2g, described in the following).In the present study, a standard
form of the weir equation, Eq. (1), was selected with the centerline length of the crest (Lace)

as the char-act eristic weir length:
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Several earlier labyrinth weir studies resulted in published design methods; a selection is
presented and discussed. Hay and Taylor (1970) presented parameter guidelines, based upon
research by Taylor (1968), for sharp-crested triangular and trapezoidal labyrinth weirs.
Discharge rating curves for h=P<0.6were pre-sentedin terms of a labyrinth-to-linear weir
discharge ratio (basedon a common channel width, W, and h), requiring discharge infor-
mation for a linear weir (0¥490°) of equivalent weir height (P),wall thickness (two), and crest
shape. The Bureau of Reclamation(USBR) conducted model studies to aid in the design of
Ute Dam(Houston 1982). Discrepancies between their experimental result sand the
recommendations by Hay and Taylor (1970) were attributed to different definitions of
upstream head [h, Hay and Taylor (1970);

The labyrinth weir is a complex structure and the flows over labyrinth weirs are three-
dimensional. The labyrinth weir has manyparameters affecting discharge capacity. Labyrinth
weirs seem a complex structure. This structure consists of a large set of parameters. Many
studies relating to labyrinth weirgeometry have described the impact of various parameters
on rates of flow and discharge efficiency when passing overthese types of
weirs. Labyrinth weirs were utilised as regular structures for flow and also help control
aeration, drop structures, and energy dissipation. The trapezoidal and triangular-shaped
labyrinth weirs give better hydraulic performance than the rectangular shape of the labyrinth
weirs, and these types of weirs can be applied in many various field applications. Thus, there
is great interest in their design and construction. Enhancing weir hydraulic performance
usually needs physical model experimentation because many dimensional parameters
influence the capacity of discharge over the labyrinth weirs. The reviewed previous studies
on labyrinth weirs and revealed the most important variables of a labyrinth weir, such as the
total head to the height of the weir ratio, sidewall angle, and magnification of length ratio.
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The trapezoidal and triangular-shaped labyrinth weirs give better hydraulic performance than
the rectangularshape of the labyrinth weirs, and these types of weirs can be applied in many
various field applications. Thus, there is great interest in their design and construction.
Enhancing weirhydraulic performance usually needs physicalmodel experimentation because
many dimensional parameters influence the capacity of discharge over the labyrinth weirs.
The physical modelling was reviewed. Thenumerical modelling was reviewed. The design
methods of labyrinth weirs were reviewed. Machine learning techniques were reviewed.

The results demonstrated that some parameters still need futher investigation. Also, energy
dissipation over the labyrinth weir needs futher investigation with different weir geometry.
Furthermore , the results showed that common design equations did nottake into account all
parameters affecting labyrinth weir performance, including geometries, flow condition , site
conditions, and scale effect. In addition, machine learningtechniques need futher study.

Flow Characteristics of Arced Labyrinth Weirs (2022) by AlSaadi et al.
This study investigated the flow characteristics over arced labyrinth weirs.

The study was conducted experimentally in alaboratory flume. The results of the study
showed that the arced shape of the weir had aDifferent to the Approach Flow Conditions
(2020) by Li et al. significant impact on the flow characteristics. The arced shape reduced
the turbulence of the

flow and increased the discharge capacity ofthe weir.

. Numerical Simulation of Flow over Labyrinth Weirs with Different Crest Shapes(2021)
by Chen et al.This study used numerical simulation to investigate the flow over labyrinth
weirs with different crest shapes. The study used the CFD software ANSY

Fluent to simulate the flow over labyrinth weirs with triangular, trapezoidal, and rectangular
crest shapes. The results of the study showed that the crest shape had a significant impact on
the flow characteristics over the weir. The triangular crest shape had the highest discharge
capacity, while the rectangular crest shape had the lowest discharge capacity.

. Experimental and Numerical Investigationof Flow over Labyrinth Weirs with

3. CONCLUSIONS:

To develop a better understanding of the effects of PK weir geometry on discharge
efficiency,and to evaluate the hydraulic performance of arecommended PK weir design
found in theliterature, a laboratory-scale sectional modelwas tested. The head-discharge
relationshipproposed by Lempériére (2009) [Eq. (2)] wasevaluated for various PK weir
geometries andupstream head definition (piezometric or totalhead). The influences of
various geometricparameters on the PK weir discharge efficiencywere also evaluated [e.g.,
the inlet-to-outlet keywidth ratio (Wi=Wo), adding a parapet wall,installing noses beneath
the upstream overhangs,different crest shapes (half-round and flat top)]. The appropriateness
of using superposition toaccount for the changes in discharge efficiency associated with
multiple PK weir geometry modifications was investigated. Finally, a discharge
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efficiency/weir footprint comparisonbetween trapezoidal labyrinth and PK weirs wasmade.
Based on the results of this study, thefollowing conclusions were down

The optimal range of Wi=Wo for maximizing discharge efficiency is likely within the
approximate range of 1.25-1.5;however, Wi=Wo > 1.5 configurations were not tested.
Installing noses beneath the upstream apex overhangs of the PK weir produced a
hydraulically more efficient inlet (reduced flow contraction, reduced energy loss, and
potentially modified critical flow section location) and increases discharge efficiency.
Raising the crest elevation, inthis case with a parapet wall,increaseddischarge efficiency. This
was likely dueto the increase in inlet and outlet keyvolume resulting in a decreasein inlet key
entrance energy loss and a corresponding reduction in outlet key local submergence
Improved crest shapes (half-round) result in significant gains in discharge efficiency at low
heads relative to the flat-top crest; as Ht increases, however, the gains in efficiency gradually
decrease. The appropriateness of usingsuperposition to account for the changesin discharge
efficiency associated with multiple PK weir geometry modifications was investigated.
Finally,a discharge efficiency/weir footprint conclusions
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