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Numerical modeling of the effect of elliptical elongation on the hydraulic
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Abstract

Gates are Flow control structures used in irrigation canals. In the meantime, Lopac Gates have very efficient capabilities such as controlling and
regulation the level of water upstream, automation, lower energy consumption than other types of gates (like sliding gate, radil gate) and the possibility
of passing floating objects. Elliptical Lopac gate (ELG) are one of the new types of lopac gates that are intended to increase the discharge coefficient
compared to other types of lopac gates. The present study was conducted with the aim of modeling ELG in five different elliptical ratios with sudden
transition in the channel using Flow3d software. All models are considered in three discharges of 25, 35 and 45 liters per second and in three openings
0f 20, 30 and 40 cm and simulation has been done with RNG turbulence model. The final results showed that by increasing the elliptical ratio from 0.7
to 1.28, the energy consumption gates will decrease from eight to 20 percent compared to the initial energy. In the study of floor shear stress, the
results show that by increasing the elliptical ratio, the average shear stress decreases by 52 percent. In the section on flow vortices, the results show
that in elliptic ratios greater than one, vortex currents and current deviation from the path are reduced and the flow rate decreases from 22 to 54
percent.

Keywords: Elliptical ratio, Energy consumption, Flow3d, Opening, Shear stress, Sudden transition.
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Figure 1. Elliptical gate plan view with sudden transition
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Table 1. Values of statistical indicators

Model R2 RMSE
RNG 0.789 0.020
K-& 0.736 0.025
LES 0.781 0.021
0.3
8
=] e .0
0.2
; ._..--.'“
< ..' '@
g 0.1
&
0
0 0.05 0.1 0.15 0.2 0.25
Laboratory data

Figure 3. Comparison of Elliptical lopac gate
Modeling Results Simulated with Flow3d and
Laboratory Model by Turbulence Model RNG
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Table 2. Values related to the elliptical ratio of the gate

r2(m) rl(m) 12/rl
0.25 0.35 0.7
0.3 0.35 0.85
0.35 0.35 1
0.4 0.35 1.14
0.45 0.35 1.28

Table 3. Values related to the opening ratio

bg(m) B(m) bg/B
0.2 0.8 0.25
0.3 0.8 0.375
0.4 0.8 0.5
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Figure 6. The trend of changes in the ratio of energy loss to primary energy versus changes in the elliptical ratio at a
flow rate of 25 lit/s
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Figure 7. The trend of changes in the ratio of energy loss to primary energy versus changes in the elliptical ratio at a
flow rate of 35 lit/s
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Figure 8. The trend of changes in the ratio of energy loss to primary energy versus changes in the elliptical ratio at a
flow rate of 45 lit/s
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Figure 9. (a) Shear stress distribution in elliptical ratio 1 in flow of 25 lit/s and opening 20 cm
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Figure 10. (a) Shear stress distribution in elliptical ratio 1 in flow of 35 lit/s and opening 20 cm

Figure 10. (b) Shear stress distribution in elliptical ratio 1.28 in flow of 35 lit/s and opening 20 cm

Figure 11. (a) Shear stress distribution in elliptical ratio 1 in flow of 45 lit/s and opening 20 cm

Figure 11. (b) Shear stress distribution in ellif)tical ratio 1.28 in flow of 45 lit/s and opening 20 cm
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Table 4. Results of shear stress analysis in the floor

Q (lit/s)  Maximum stress reduction (%) T2 /7'1 b g (cm)
25 62 1.28 20
35 82 1.28 20
45 52.5 1.28 20
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Figure 14. (a) Streamlines at a flow rate 35 lit/s and an elliptical ratio of 1 at an opening of 40 cm

Figurel4. (b) Streamlines at a flow rate 35 lit/s and an elliptical ratio of 1.14 at an opening of 40 cm
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