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Background and Obijectives: Today, due to the reduction of water
resources and the issue of excessive water consumption in the agricultural
sector, for the purpose of distribution, delivery, and flow regulation to
waterways, and to prevent water losses, novel structures with better
efficiency and easier operation have been introduced by researchers. Lopac
gates are one of the hydraulic structures for flow control and regulation,
which have features such as the possibility of automation, open-channel
flow, and easier installation and placement compared to other structures. In
this study, a rectangular multi-lopac gate, which is one of the novel types
of lopac gates, has been used. Considering the easier operation of smaller
gates compared to larger gates, in this study, has been investigated the
effect of two smaller gates instead of a single gate on the hydraulic
characteristics in the submerged condition with 70%, 80%, and 90%
submergence levels and with the aim of increasing efficiency and ease in
design and construction.

Materials and Methods: In the present study, several simulations were
performed to validate and select the turbulence model. After investigation
the performed simulations, a mesh of 800,000 cells, the RNG turbulence
model, and a time of 40 seconds for the flow to reach stability were
selected. Then, to investigate the hydraulic parameters of maximum shear
stress, maximum horizontal force acting on the gate, velocity distribution
range, and shear stress in the rectangular lopac gate under submerged flow
conditions, and compare it with the single gate case, simulations were
performed at three discharges of 25, 35, and 45 liters per second, opening
angles of 35, 40, and 45 degrees, and three submergence levels of 70%,
80%, and 90% in two different geometries, with a total of 54 simulations.

Results: The results showed that the maximum shear stress has an inverse
relationship with submergence and opening angle, and the maximum
horizontal force acting on the gate has a direct relationship with
submergence and discharge. It was observed that all the investigated
parameters in the two-gate case decreased compared to the single-gate
case, and the amount of this decrease in the horizontal force acting on the
gate was 33.5%, which was the highest decrease at a discharge of 25 liters
per second, an opening angle of 45 degrees, and 90% submergence, and the
lowest decrease was at a discharge of 25 liters per second, an opening
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angle of 45 degrees, and 70% submergence. The reduction in the maximum
shear stress in the two-gate case compared to the single-gate case was
13.25%, with the highest decrease of 23.29% occurring at a discharge of 45
liters per second, an opening angle of 45 degrees, and 90% submergence,
and the lowest decrease of 6.21% occurring at a discharge of 45 liters per
second, an opening angle of 35 degrees, and 80% submergence. It was also
observed that the distribution range and elongation of velocity and shear
stress on the flume bed increased with increasing discharge and opening
angle, and in general, the distribution range and elongation of velocity and
shear stress on the flume bed decreased in the two-gate case compared to
the single-gate case.

Conclusion: According to the results, it can be stated that the distribution
range of velocity and shear stress has a direct relationship with discharge
and opening angle, and the elongation of the velocity and shear stress
distribution in the two-gate case decreased compared to the single-gate
case. The maximum shear stress has an inverse relationship with the
opening angle and submergence, and it decreases by 13.26% compared to
the single-gate case. This is due to the reduction of the area of vortices in
the two-gate case. Investigating the maximum horizontal force acting on
the gate showed that this parameter has a direct relationship with flow rate,
opening angle, and submergence, and it decreases by 33.5% in the multi-
gate cases compared to the single-gate case.
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Figure 1. General view of the rectangular lopac gate used in the laboratory Pilbala et al. (2021).
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Table 1. Results of the analysis of the number of mesh cells suitable for simulation.
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Figure 6. Velocity distribution at a flow rate of 35 lit/s, opening of 45 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 7. Velocity distribution at a flow rate of 25 lit/s, opening of 45 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 8. Velocity distribution at a flow rate of 25 lit/s, opening of 40 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 9. Velocity distribution at a flow rate of 25 lit/s, opening of 35 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 10. shear stress distribution at a flow rate of 45 lit/s, opening of 45 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.

o

=
SCRP 02040608 1 12141618 2 22242628 3 223338 Pa

SCRP 02040608 1 12141518 2 22242628 3 323436 Fa

.(b)dlf.x.-;;(a) 4:‘:0_).35.(3'/.\/' é‘f’u“.ﬂ“’A"}; $0 ‘;-L:-J'legl._e'l:ﬁiéro déjé‘;zﬂﬂéjj—\\ JS.:«

Figure 11. shear stress distribution at a flow rate of 35 lit/s, opening of 45 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 12. shear stress distribution at a flow rate of 25 lit/s, opening of 45 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 13. Shear stress distribution at a flow rate of 25 lit/s, opening of 40 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 14. shear stress distribution at a flow rate of 25 lit/s, opening of 35 degrees and submergence
of 70 Percent in two cases (a) single gate (b) Multiple gate.
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Figure 15. Streamline at a flow rate of 45 lit/s, opening of 45 degrees and submergence of 70 Percent
in two cases (a) single gate (b) Multiple gate.
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Figure 16. Streamline at a flow rate of 35 lit/s, opening of 45 degrees and submergence of 70 Percent
in two cases (a) single gate (b) Multiple gate.
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Figure 17. Streamline at a flow rate of 25 lit/s, opening of 45 degrees and submergence of 70 Percent
in two cases (a) single gate (b) Multiple gate.
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Figure 18. Streamline at a flow rate of 25 lit/s, opening of 40 degrees and submergence of 70 Percent
in two cases (a) single gate (b) Multiple gate.
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Figure 19. Streamline at a flow rate of 25 lit/s, opening of 35 degrees and submergence of 70 Percent
in two cases (a) single gate (b) Multiple gate.
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Figure 20. Investigation of maximum shear stress in different submergences.
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Figure 21. Investigation of maximum force in different submergences.

Lo 5 mls Gemen Al o SRl L3
Jj’ﬁ J:,J Lol ui.hls O(J'»:‘ U‘“’J‘TU’:’? &S ol oLl
J;.A\)li U'i‘ JZALS Qlj.:n U'.’Jj(’sj 033 Aoy YY/¥4
] 033 ho ) ARV
a0 95 3 eslanal Olej g3 das o OLLS cl:q
oI O S J":’J" U’:""' d)jj 05 gd>s ol
w\ﬁ\ L}‘“’J" JZ..J GJ‘}J 03 gl>ws ‘QS/..L.Z)L 4.;}‘)

Al

"

5 S5 o

s 0L s Co e 8 o A 2

sl 5 23 b e miS el 5 lae
5 oM e ol ey Sassl
G S Ba S s s G5 e3gdme
ol o AP 3 b e el e 5SS
sl bbbl A ealle S n S
Lols esSan alaly Gl Aoy 5 Sl
G i (SASL sl SR L S sl Se

it Bl Aoy Ll L s sl mals b



Oled g (268 05l [ . (Fgllw a2 3 (Seoliadg i Sleoguad (ow)

&8l 2,18
Syse 5 I ey bl slay dlie ol s

ol OB s 5 aen AL

OB My g &8 Lo

3 Sl AS Wl Cﬁu Samels 1l ek &
o35 Ll b L8 =l 5 giluesly 3)lse e
]

Jss 5 wboLl claal, sl 093 ek 5
CSHlhe Shagn plxil el 5o &S Sl
Llasls

el Slse aen 3 wlOLL Hslie tpsn skl 5

S Jgo!
Wb 355 podsn nl 5 losped ule, o

el a0 aaa

Sl Colos
Cislee e 5 Jbo Solem Sl lassn ol
Coiilazme 5 Ol udige odSils 3550
Slassn B s el Ol Al WK
Al sl o3 g sy sl ek 5 (g gl
g Al li S wboll 5l i Lol

sl J}\ e.l.'......_.v.)} ;;isj))’\::'h 6U:a)l~u 9 uT

1.0ad, R., & Kinzli, K. (2006). SCADA
Employed in Middle Rio Grande Valley
to Help Deliver Water Efficiently.
Newsletter of the water center at
Colorado state university.

2.Langeman, P., Craig, K., Elser, P., &
Allen, L. (2006). Irrigation gate system.
US patent, 7, 114.

ayv

b 2l B S s S Jel e
s 42 3 S s ) (59,0 a5 sls OLAS
b bl onl e Sl St 8k Sl o
oiins Al Glaal Aoy 5 (SA85L sl (02
S e Ol anal oy 5 o3 Rl L 5 ol
Al P 8 Az sl

sy olas aawls S S oy O el @L;
33) alfaer G s bl S oyl 5 Sais
5 R Gl o SO Sl 4 e (a0
Sl 4 s QLS Ay 5 (OIS gy 035
5 GRIPIL Grmer s S6S A S
LBl EalS baals 5 (SUiS (S 4l

ol Gl s s cpl wlie S e
Sgh o dlely Sl glaesls sl eslanal

ST g oS
S8 s el Sl Al ol OB 5
ol Sleal Olex s oKls I 1, s
Sl Ols Sgme 5 Jbo ool

o pwd o SleMbl (osly
Wbl 5l Jols & ol iasn
wm s SOldlls glaesls 31 cl Al uls S
T g 00850 53 a3 Sl s sl
oslinul Slgal Ol digd o8I Calae
Ot ki 5 b 43S b plt (glaesls ol ok

3.Aqua Systems 2000 Incorporation
(AS21). (2013) Leaders in Water
Management and Control, Available from:
http://www.as2i.net/ products/ control-
gates/ hydra-lopac-gate [10september
2013]

4.Negm, A. M., Abdelaal, G. M., Elfiky,
M. M., Abdalla, Y. M., & Afifi, M.
(2006). Effects of Multi-Gates Operations



VE-¥ Y a)h».fs AR 0,92 “5&9 &,’i cblis ‘_gl.hu.«.&:s).!

on Bottom Velocity Pattern Under
Submerged Flow Conditions. Proc.
IWTC10, 1, 217-280.

5.Badiee, S., & Sajadi, M. (2018).
Numerical analysis of the hydraulic
conditions of the Lopac gate using Fluent
Software. In: Proceeding of International
Conference on Civil Engineering,
Architecture and Urban Development
Management in Iran. TEHRAN, 9
December, University of Tehran. [In
Persian]

6.Babaei Fagih Mahaleh, R., Ismaili Varki,
M., & Shafiee Sabet, B. (2018).
Investigation of the effect of geometric
characteristics and hydraulic conditions
on the performance of the salon-partial
flow flow adjustment structure. lranian
Soil and Water Research, 49 (4), 727-717.
[In Persian]

7.Shafai Bejestan, M., Zeinivand, M., &
Tahmasebipoor, M. (2020). Discharge
Coefficient of Elliptical Lopac Gate with
Gradual Transition in  Submergence
Condition. Journal of Hydraulics,

A

15 (2), 67-80. doi: 10.30482/jhyd.2020.
225028.1449. [In Persian]
8.Mobarak, F., sajjadi, S. M., Ahadiyan, J.,
& Zeynivand, M. (2022). Numerical
modeling of the effect of elliptical
elongation on the hydraulic performance
of an elliptical Lopac gate. Water and
Irrigation Management, 12 (2), 263-275.
doi:  10.22059/jwim.2022.335817.952.
[In Persian]
9.Pilbala, A., Shafai Bejestan, M.,
Sajjadi, S. M., & Fraccarollo, L. (2023).
Investigation of the Different Models of
Elliptical-Lopac ~ Gate  Performance
under Submerged Flow Conditions.
Water Resources Management, 1-16.
10.Fathi, S., Sajjadi, S. M., Ahadiyan, J., &
Parsaei, A. (2023). Numerical
investigation of the effect of different
plunges on the flow hydraulic
parameters in multiple rectangular lopac
gates by using Flow3D. Water and
Irrigation Management, doi.org/10.22059/
jwim.2023.365670.1106. [In Persian]



