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Objective: This comprehensive study systematically evaluates the hydraulic
characteristics of multi-rectangular Lopac gates incorporating gradual
transformation features, with particular emphasis on their comparative performance
against traditional non-transformed gate designs.

Method: Through detailed experimental analysis under controlled flow conditions
(20-60 L/s), the hydraulic behavior of multi-rectangular Lopac gates with 5° and 10°
transformation angles was investigated at gate openings of 30°, 45°, and 60°. Shear
stress distribution, discharge characteristics, flow coefficients, and vortex dynamics
were evaluated using detailed flow visualization studies.

Results: For shear stress distribution, the 5° transformed configuration demonstrated
substantial reductions of 27%, 13%, and 10% in maximum floor stress at gate openings
of 30° 45°, and 60°, respectively. Conversely, the 10° transformation increased floor
stresses by 53%, 21%, and 24% at corresponding openings. The 5° transformation
enhanced flow coefficients by 2.4%, 3.0%, and 3.4% for 30°, 45°, and 60° openings,
respectively, while the 10° transformation yielded improvements of 8%, 13%, and 10%.
Flow visualization showed that transformed gates produce larger, more organized
vortices with reduced frequency, whereas conventional designs generate numerous
smaller and more chaotic vortices.

Conclusions: The findings show that gradually transformed multi-rectangular Lopac
gates improve stress distribution, flow efficiency, and vortex control. The 5°
transformation reduces floor stress, while the 10° transformation improves flow
coefficients but increases stress. An optimal transformation angle between 5°and 10°
may further enhance gate performance.
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Introduction
Accurate flow measurement in open canals and irrigation networks represents a critical
component of sustainable water resources management. As global water scarcity intensifies,
optimizing the efficiency of water distribution systems has become increasingly vital. Among
various control structures, gates and spillways have received considerable research attention
due to their pivotal role in flow regulation. The Lopac Gate, a unique water-sealing structure
designed for precise depth control, employs a distinctive dual-rectangular plate configuration
mounted to channel walls. This innovative design enables simultaneous upstream water level
adjustment and downstream flow regulation across varying discharge rates and gate
openings, offering distinct advantages over conventional gate systems in irrigation
applications.

Method

Experimental Setup

The experimental investigation was conducted in the state-of-the-art hydraulic laboratory

at Shahid Chamran University of Ahvaz's Faculty of Water Sciences. The primary test facility
consisted of a 10-meter long rectangular flume with 0.8 m width and height, featuring an
aluminum base, transparent glass sidewalls for flow visualization, and a reinforced metal sheet
floor to withstand prolonged hydraulic loading.

The study employed a precisely calibrated elliptical Lopac Gate prototype fabricated from 2 mm

galvanized steel sheet (40 cm x 40 cm dimensions), mechanically hinged to the flume wall at 4.1 m
downstream from the inlet. Experimental parameters systematically varied included:

Flow rates: 25, 35, and 45 L/s (controlled via calibrated flow meters). Gate openings: 35°, 40°, 45°,
50°, and 52.5° (measured with digital inclinometer). Submergence ratios: 70%, 80%, and 90% of gate
height. Figure 1 illustrates the experimental configuration, showing both the flume cross-section and
the elliptical Lopac Gate assembly. All tests were conducted under steady-state flow conditions, with
measurements recorded after complete flow stabilization to ensure data reliability.

Figure 1. Overview of the laboratory flume

Verification of the physical model
For this purpose, 5 rectangular salon valve models from experiments were simulated at a flow
rate of 25 (liters per second), an opening of (30, 35, 40, 45, 50, and 52.5) degrees, and a submergence
of 70 percent, and their results were evaluated and compared with the values obtained with the
laboratory model. After the studies, it was found that the modeling performed in the Flow3D software
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did not differ significantly from the experimental values and had a small error percentage of 1.23
percent. The calibration results between the numerical modeling values and their comparison with
the laboratory sample are shown in Figure 2.
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Figure 2. Laboratory model validation results compared to numerical simulation

Meshing and boundary conditions in model simulation

In this study, in order to achieve the best meshing, three mesh groups with numbers (500,000,
1,000,000, and 2,000,000) were selected for the entire mesh block area. For this purpose, in the
present study, by simulating a laboratory model of a rectangular Lopac Gate with a flow rate of 25
liters per second, an opening of 52.5 degrees, and a submergence of 70%, and comparing the increase
in the agreement of the results with the laboratory data, the optimal meshing was finally selected for
the aforementioned model. The absolute error percentage between the laboratory and numerical
results was calculated to be 2.048 percent. Finally, the number of mesh cells of 1,000,000 was used
for simulation.

Total Cells Mesh=1000000
Ax=Ay=Az=0.0157

Figure 3. Simulation network meshing
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Figure 4. Boundary conditions applied to the computational domain of the multiple elliptical
valve under consideration
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Results
Investigation of the flow coefficient in multiple Lopac Gates

It is observed that by creating a gradual transformation on multiple rectangular Lopac
Gates, the flow coefficient will increase compared to the Gate condition without gradual
transformation. In this way, the flow coefficient value on multiple rectangular Lopac Gates
with gradual transformation at an angle of 5 degrees at flow rates of (20, 40 and 60) liters
per second, at openings of 30, 45 and 60 degrees will increase by 2.4%, 3% and 3.4%
respectively compared to the multiple rectangular Lopac Gate without gradual
transformation. Also, the flow coefficient value on multiple rectangular Lopac Gates with
gradual conversion at an angle of 10 degrees at flow rates of (20, 40, and 60) liters per second,
at openings of 30, 45, and 60 degrees will increase by 8%, 13%, and 10%, respectively,
compared to multiple rectangular Lopac Gates without gradual conversion.

Shear stress study in multiple Lopac Gates

It is observed that by creating a gradual transformation on multiple rectangular Lopac
Gates, the maximum shear stress will increase compared to the valve condition without
gradual transformation. In such a way that the maximum shear stress value on multiple
rectangular Lopac Gates with gradual transformation with an angle of 5 degrees at flow rates
of (20, 40 and 60) liters per second, at openings of 30, 45 and 60 degrees will increase by
27%, 13% and 10% respectively compared to the multiple rectangular Lopac Gate without
gradual transformation. Also, the maximum shear stress value on multiple rectangular Lopac
Gates with gradual transformation at an angle of 10 degrees at flow rates of (20, 40, and 60)
liters per second, at openings of 30, 45, and 60 degrees will increase by 51%, 21%, and 24%,
respectively, compared to multiple rectangular Lopac Gates without gradual transformation.

Investigation of flow vortices in multiple rectangular Lopac Gates

The results showed that the vortices created by the flow around the Lopac Gate often
occur near the gate, which can be observed by observing the decrease in velocity values and
color changes in these areas. Finally, According to the shapes related to multiple rectangular
Lopac gates with gradual transformation, it was found that the water flow and vortices are
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diverted towards the channel walls. However, considering the shapes related to multiple
rectangular Lopac gates without gradual transformation at opening angles (45 and 60)
degrees, it was found that the flow and vortices created often occur in the center of the
channel, which causes erosion and scouring in the center of the channel.

Conclusions

In this study, the effect of gradual transformation on the performance of multiple
rectangular Lopac Gates in free flow conditions and its comparison with multiple Lopac Gates
without gradual transformation and the investigation of parameters such as discharge
coefficient, maximum shear stress on the channel floor and flow lines at different discharges
and openings using Flow3D software have been carried out. The aim of this study is to improve
and increase the efficiency of multiple rectangular Lopac Gates in comparison with other
models of this structure. The results showed that by creating gradual transformation on
multiple rectangular Lopac Gates, the discharge coefficient will increase compared to the Gate
condition without gradual transformation. It was also observed that by creating gradual
transformation on multiple rectangular Lopac Gates, the maximum shear stress will increase
compared to the Gate condition without gradual transformation.
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