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for velocity measuring, c¢) Measurment of the water surface level
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SCW-Rehbock Eq. (Ackers et al., 1978)
« SCW- French., 1986

Kabiri samani and Javaheri, 2012
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O One cycle sharp crested labyrinth weir

O Two cycle sharp crested labyrinth weir

0 One cycle quarter Cylandrical labyrinth weir

O Two cycle quarter Cylandrical labyrinth weir

Fig.6- Discharge coefficent for free flow: a) Proposed equations, b) Coefficent dicahrge values
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Table 1- Values of the a and b for equation (5)

Eg. No. Weir Type a b R?
5 One-cycle sharp crested labyrinth weir 0.657 -0.572 0.98
6 Two-cycle sharp crested labyrinth weir 0.832 -0.511 0.96
7 One-cycle cylindrical labyrinth weir 1.035 -0.618 0.98
8 Two-cycle cylindrical labyrinth weir 1.004 -0.613 0.97
9 One-cycle quarter cylindrical labyrinth weir 1.08 -0.496 0.97
10 Two-cycle quarter cylindrical labyrinth weir 1.113 -0.-511 0.98
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b)

Fig.7- Discharge reduction factor for submerged condition: a) Propsed equations, b) Coefficent
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Table 2- Values of the a and b for equation (11)

Eg. No. Weir Type a R®
12 One-cycle sharp crested labyrinth weir 3.75 0.89
13 Two-cycle sharp crested labyrinth weir 6.21 0.91
14 One-cycle cylindrical labyrinth weir 2.32 0.88
15 Two-cycle cylindrical labyrinth weir 1.51 0.86
16 One-cycle quarter cylindrical labyrinth weir 1.95 0.90
17 Two-cycle quarter cylindrical labyrinth weir 491 0.89
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Table 3- Vaules of energy and momentum indexes
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Weir Type
P (x=-300 mm) (x=0mm)  (x=-300mm) (x=0mm)
One-cycle sharp crested labyrinth weir 212 3.12 212 3.24
Two-cycle sharp crested labyrinth weir 1.74 4.15 1.74 4.32
One-cycle cylindrical labyrinth weir 1.82 279 1.80 280
Two-cycle cylindrical labyrinth weir 1.70 231 1.70 262
One-cycle quarter cylindrical labyrinth weir 242 291 242 3.20
Two-cycle quarter cylindrical labyrinth weir 1.99 2.11 2.22 2.80
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Fig.8- Vertical velocity profile at the upstream
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Fig.9- Energy and momentum at the upstream
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Fig. 10- horizontal and vertical velocity at X-z plate at the upstream of the labyrinth weir: a) one-
cycle sharp crested labyrinth weir, b) two-cycle sharp crested labyrinth weir, ¢) one-cycle cylindrical
labyrinth weir, d) two-cycle cylindrical labyrinth weir, €) one-cycle quarter cylindrical labyrinth
weir, f) two-cycle quarter cylindrical labyrinth weir
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Fig. 11- TKE at the upstream of the labyranith weir with one cycle: a) one-cycle sharp crested
labyrinth weir, b) one-cycle cylindrical labyrinth weir, c) one-cycle quarter Cylindrical labyrinth
weir
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Fig.12- Quadrant analysis at the vicinity of the bed surface at the upstream of the weir: a) one-cycle
sharp crested labyrinth weir, b) one-cycle cylindrical labyrinth weir, c) one-cycle quarter cylindrical
labyrinth weir
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Introduction

This study investigates the hydraulic characteristics of three geometric models of labyrinth
weirs—sharp-crested, quarter-cylindrical, and cylindrical. Additionally, to assess the impact of
labyrinth weir geometry on hydraulic and hydrodynamic properties, experiments were conducted
using two cycles of labyrinth weir models. An Acoustic Doppler Velocimeter (ADV) was
employed to measure velocity components in various coordinate directions (Wilcox et al., 1988),
and turbulence levels were calculated upstream of the labyrinth weirs across different models.

Materials and Methods

A tailgate at the end of the experimental flume was adjusted to evaluate the performance of
these weirs under various submergence ratios downstream. Five flow rates (6.5, 11.2, 16.6, 19.9,
and 24.2 liters per second) were used in the hydraulic experiments. Submergence downstream of
the weirs was tested at ten different vertical levels, and the discharge coefficient was estimated
for each submergence rate (Salehi et al., 2018, 2019, 2022b). The weirs had different lengths in
the single-cycle construction (1200 millimeters) and the two-cycle construction (2000
millimeters). The discharge coefficient values under free-flow conditions were measured based
on the weir equation (Oreizi et al., 2015; Salehi et al., 2021a), and curve-fitting methods were
applied to present predictive equations. By adjusting the tailgate, the downstream water level was
raised to evaluate discharge reduction and the coefficient a across different weir geometries.
Using the ADV, horizontal and vertical velocities in the x-z plane upstream of the weirs were
measured, and contour graphs of wvelocity components were created for peak discharge
conditions. Variations in velocity components were assessed under differing hydraulic conditions
upstream and downstream. Additionally, turbulent kinetic energy (TKE) variations upstream of
the weirs were analyzed using Wilcox’s equation (Wilcox, 1988) at maximum flow rates in free-
flow conditions. Quadrant analysis was conducted near the channel bed upstream of the weirs to
determine the dominant hydrodynamic quadrant affecting flow.

Results

Hydraulic parameters—including discharge coefficient, discharge reduction coefficient related
to weir submergence, energy and momentum coefficients, horizontal and vertical velocities,
turbulence intensity, and quadrant coefficients—were evaluated for different models. Graphical
analyses under varying hydraulic conditions were discussed to assess the performance of weirs
with distinct geometries.
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Conclusion

Our findings indicate that the quarter-cylindrical labyrinth weir achieved the highest discharge
coefficient for a given water depth over the weir crest, highlighting the geometry’s effectiveness
in enhancing discharge. The coefficients a and b provided an accurate estimation for the
discharge coefficient of the studied weirs. Results also show that the energy and momentum
coefficients significantly increase as flow approaches the downstream crest and enters the
labyrinth weirs. Comparing labyrinth weirs of similar geometry and crest conditions, it was found
that turbulence decreased with the addition of a second cycle. Specifically, in the quarter-
cylindrical labyrinth weir, negative horizontal velocity upstream of the crest was reduced by an
average of 33.3% in single cycles and 51.2% in double cycles compared to the sharp-crested
labyrinth weir, suggesting reduced sediment deposition. Quadrant analysis revealed that sweep
and ejection events were more frequent in the sharp-crested labyrinth weir, indicating higher
turbulence-induced momentum transfer. In contrast, the quarter-cylindrical labyrinth weir
showed a greater tendency toward inward and outward interactions, implying that momentum
transfer in the upstream flow was mainly driven by velocity changes, with turbulence playing a
lesser role.
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