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Abstract

Labyrinth weirs have always received special attention compared to linear weirs
due to the increase in flow capacity through the increase in width. In addition to
the importance of flow traversability in congressional weirs, scouring and erosion
of the bed downstream of these types of weirs has also a special importance in
order to control and protect such structures against destructions; Because due to
the increase in the flow discharge over the weir, the amount of scouring at the
downstream of the weir also increases. In the present study, the numerical model
of labyrinth weirs with a triangular plan has been investigated. The number of 23
models was simulated using Flow-3D software to investigate the effect of various
factors such as changing in the height of the dam body, changing the height of the
weir apexes (weir height), the discharge passing over the weir, and the effects of
different angles of the weir apex in the plan on the amount of bed erosion in the
downstream of Labyrinth weir was studied. Validation of the numerical
simulation results with the experimental model indicated a very good agreement
between the numerical simulation and the experimental values. According to the
obtained results, it can be expressed that by increasing the height of the weirs and
the height of the dam body, the velocity and interference of the flow blades while
passing over the weir, increases simultaneously, which in turn it intensifies the
erosion of the downstream bed. However, the increase in the flow velocity at the
downstream of the dam, the occurrence of hydraulic jump and the flow recursion
towards upstream causes a significant decrease in scouring depth in the
downstream bed of labyrinth weir. This reduction in the weir with an apex angle
of 60 degrees is more than other models and the scour depth is reduced from 31
to about 90%. Also, the amount of flow traversability in this type of weir is more
than other models, which made the weir with an angle of 60 degrees to be
introduced as the most optimal weir in investigating the efficiency of the weir and
the reduction of scouring compared to linear models, 45 and 90.

Corresponding Author: Nazila Kardan
Address: Associate Professor, Department of Civil Email: n.kardan@azaruniv.ac.ir

Engineering,

Azarbaijan  Shahid
University, Tabriz, Iran

Madani Tel:

Nazila Kardanl*, Mehdi Komasi2, Sara Saminfar3. Numerical Simulation of the Bed Scouring

Downstream Triangular Labyrinth Weirs Using Flow-3D



Iranian Journal of Irrigation and Water Engineering _ 54

1. Introduction

Weirs are one of the oldest low head hydraulic structures that are constructed in the waterways for many
purposes such as flow measurement, raising the upstream water depth, and decreasing the flow velocity
and etc. Local scour at downstream of weirs is an essential issue for researchers in order to differentiate
the main variables governing this phenomenon and also to find solutions. A labyrinth weir design and
modeling criteria was introduced by Falvey (2003). Important factors such as crest shape, weir height
and sidewall angle which affect the discharge characteristics were also studied. Several configurations
of spillway prototype of labyrinth crest were also included. Predicting the maximum scour depth at the
downstream of grade-control structures was introduced by Guven and Gunal (2008) using the explicit
neural networks formulation (ENNF). Saleh et al. (2019) studied experimentally and numerically the
suitable dimensions and shape of weir’s crest to minimize the hydraulic errors of the weirs and to get
the most economically optimum structure by using labyrinth weir. Results illustrated that the crested
angle 60° of the labyrinth weir enhanced the hydraulic efficiency and decrease energy losses. A labyrinth
weir could be described as a continuous and broken weir plan in a trapezoidal or triangular form. Thus,
for a fixed width, labyrinth weirs have a longer crest distance comparing to linear one. Although
numerous methods of designing have been published for labyrinth weirs, there is insufficient designing
information available regarding local scouring downstream of a labyrinth weir. Present study is an
attempt to extend the previous efforts by investigating the influence of the apex angle of triangular
labyrinth weir for expecting and controlling of scour activities downstream of triangular labyrinth weir.

2. Materials and Methods

In the present study, investigation of the bed scouring downstream of triangular labyrinth weirs having
three different apex angles has been considered. A numerical model was conducted in an artificial small
channel of 10 m length, 50 cm width and 80 cm height. The weir has 5 cm crest width; 30 cm crest
length, 30 cm height, and slope of 1:1. Four different weir apex angles (90°, 60° and 45°) were tested
for the labyrinth weir. A solid floor of 1.2 m was made to avoid the deformations under the action of
water. Tests include monitoring different scour parameters downstream of the triangular labyrinth weir.
Numerical simulations were also included linear weir crest. It was considered as a reference in order to
estimate the changing of using labyrinth weir on scour parameters. Two flow discharges were applied
(Q =5.0and 9.0 I/s) for each set of the models.

A multi-phase computational domain containing water flow in the channel and an air region at the top
was simulated by the multi-phase flow model. In numerical simulations, providing an appropriate
meshing is very important in preparation of the computational domain. The accuracy of the results, the
convergence and the computational time are the main parameters that are strongly influenced by the size
and alignment of the cells. Thus, three different number of cells applied the computational domain to
investigate the effect of cell size on scouring.

- FLOW-3D Numerical Software

FLOW-3D provides a complete and versatile CFD simulation platform for engineers investigating the
dynamical behaviors of liquids and gas in a wide range of industrial applications and physical processes.
FLOW-3D focuses on free surface and multi-phase applications, serving a broad range of industries
including microfluidics, bio-medical devices, water civil infrastructure, aerospace, consumer products,
additive manufacturing, inkjet printing, laser welding, automotive, offshore, energy and automotive.
As a uniquely powerful, multiphasic tool, FLOW-3D provides the functionality; ease-of-use and power
that helps engineers boost their modelling objectives. Built for the highest level of performance, FLOW-
3D seamlessly scales from standard workstations to hundreds of CPU cores on high performance
computing solutions.
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3. Results

Numerical simulations were conducted to investigate maximum scour depth, maximum scour length,
maximum deposition depth, and maximum deposition length on the downstream of the labyrinth weir
for varied flow conditions. Models were executed for three different apex angle of the weir 0=
90°, 60° and 45°) to reach the best apex angle that leads to minimize the scour parameters. The maximum
scour parameters were also measured for linear weir crest for the purpose of comparing.

For the regarded flow conditions, when using triangular labyrinth weir with the suggested apex angles,
all of the scouring and deposition incidents decreased comparing to the linear weir case. In the series of
simulations, it was also observed that the weir apex angle of 60° presents more reduction in all scour
and deposition parameters (the values of Ds, Ls, Dd and Ld were smaller than the values of scour
parameters for other angles). In other words, about 89%, 77%, 45%, and 49% reduction in the relative
scour depth, scour length, deposition depth and deposition length respectively were observed with 6 =
60° comparing with linear weir case. Labyrinth weir decrease water height above weir crest due to the
increase of its crest length so the potential head downstream of the weir was smaller than linear crest.
Hence, head losses with respect to total head were maximized. Moreover, the maximum values of the
dissipated energy through the jump are obtained by the apex angle of 6 = 60°. It is obvious that, the
effect of the apex angle of 90° on the values of the maximum relative scour and deposition parameters
was less significant than that of other apex angles.

4. Discussion and Conclusion

Simulation results indicated the reliability of using the triangular labyrinth weir as a very efficient mean
of reducing scour phenomenon. Results demonstrated that for all weir apex angles, a decrease in
different scour and deposition parameters were observed. Lower scour parameters are obtained for weir
apex angle of 6 = 60° compared to linear weir case. Consequently, the best weir apex angle, 6 = 60°
has the potency to minimize scour parameters and it maximizes energy dissipation compared to linear
weir case. The scour map is symmetrical and maximum scour occurs either on the left or right side of
the longitudinal centerline of the movable bed.
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