Iranian Hydraulic Association

Journal of Hydraulics e Research Article
Vol. 21, No. 3, PP. 105-128, Fall 2026 vanian Hycraulc Assciaton https://doi.org/10.30482/jhyd.2026.583794.1771

Numerical Modeling of the Performance of a Rotating Semi-
Circular Gate in a Trapezoidal Canal under Free Flow
Conditions

Samira Yousefi!, Hojjat Allah Yonesi?*, Babak Shahinejad®, Amirhamzeh Haghiabi®, Rasoul
Daneshfaraz®

1- Ph.D. Candidate in Hydraulic Structures, Department of Water Engineering, Faculty of Agriculture, Lorestan
University, Khorramabad, Iran.

2- Associate Professor, Department of Water Engineering, Faculty of Agriculture, Lorestan University, Khorramabad,
Iran.

3- Assistant Professor, Department of Water Engineering, Faculty of Agriculture, Lorestan University, Khorramabad,
Iran.

4- Professor, Department of Water Engineering, Faculty of Agriculture, Lorestan University, Khorramabad, Iran.

5- Professor, Department of Civil Engineering, Faculty of Engineering, University of Maragheh, Maragheh, Iran.

* yonesi.h@lu.ac.ir

Received: 29 May 2025

Revised: 30 June 2026

Accepted: 12 July 2026
Discussion: 22 December 2026

J. Hydraul.
$$$ Iranian Hydraulic Association
Homepage: www.jhyd.iha.ir

Abstract
Introduction: With population growth and the decline in available water resources, optimal
management of water resources, enhancement of hydraulic performance, and improvement of water
distribution efficiency have become essential. Semi-circular radial gates require less operating force due
to their rotational movement around a vertical axis. On the other hand, trapezoidal canals are the most
common canal type used in irrigation and drainage networks due to their hydraulic and structural
stability. Since Experimental studies are costly and time-consuming, numerical simulation is widely used
to obtain reliable results for evaluating hydraulic behavior. Thus, the present study aims to numerically
investigate the performance of a semi-circular rotating gate in a trapezoidal canal under free flow
conditions using Flow-3D software. The main objectives include evaluating turbulence models,
analyzing stage-discharge relationships, identifying the inflection angle, and assessing energy losses for
different wall slopes, transition lengths, and gate opening angles. The results of the numerical model
were validated by comparing the simulation results with experimental data. Following successful
validation, this numerical approach can be used as a reliable alternative to costly experimental

investigations.

Methodology: Using galvanized steel sheets inside a rectangular flume, trapezoidal canals with bottom
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widths of 0.2, 0.3, and 0.4 m and corresponding side slopes of 0.44, 0.31, and 0.20 were constructed.
To connect the canal to the semi-circular rotating gate, three gradual transition lengths of 0.6, 0.9, and
1.2 m were used. In the laboratory, flow depth was measured using a point gauge with an accuracy of
0.1 mm, discharge was measured with an electromagnetic flowmeter accurate to 0.01 lit/sec, and velocity
measurements were conducted using a velocity profiler. Numerical modeling was performed using Flow-
3D software. Gate opening angles ranged from 50° to 80° at 5° increments, and discharge rates ranged
from 0.024 to 0.036 m*/s at increments of 0.002m%s. Mesh size was determined through a mesh
convergence analysis. Using three turbulence models-standard k-, RNG, and LES-the water surface
profile along the canal and the vertical velocity profile at the 2 m section were computed, and the most
appropriate model for the simulation was selected. Finally, using the numerical model results, the effects
of the investigated parameters on water surface profiles, transverse profile variations, stage-discharge

relationships, and energy loss were investigated and compared with experimental data.

Results and Discussion: Comparison of the numerical and experimental results showed that all three
turbulence models (standard k-, RNG k-g, and LES) systematically underpredicted water depth and
overpredicted velocity. This error arises from the isotropic Reynolds stress assumption in RANS models,
which is inconsistent with the highly anisotropic flow in the jet impingement zone. For the steeper side
slope (0.44), the flow converges toward the canal centerline, reducing jet anisotropy. For the milder side
slope (0.20), the jets spread more freely, creating a stronger impingement zone and greater anisotropy.
LES, by directly resolving the three-dimensional flow structure, better represent this anisotropy and
provide superior predictions of velocity profiles. However, RNG performs better for water surface

profiles and energy losses due to its correction term in the dissipation rate equation.

Downstream of the gate, impingement of flows from both sides creates turbulence and a hydraulic jump
(hump), whose location depends on the gate opening angle. As the opening angle increases, the
upstream-downstream depth difference decreases, and turbulence reduces. The side-wall slope
significantly affects the flow field; as the slope decreases from 0.44 to 0.20, the cross-sectional area
increases, the flow becomes less concentrated, and impingement intensifies, thereby increasing

turbulence.

The canal slope dominates the effect of transition length. With longer transitions, flow becomes more
uniform and fully developed, reducing downstream turbulence. For the steeper side slope (0.44),,

increasing the transition length has little effect. Maximum energy loss occurs at L=0.6 m.

As the bottom width increases (slope decreases), flow capacity decreases, and the slope of the stage-
discharge curve increases, meaning that relatively small discharge changes cause significant depth
changes. At small opening angles, the gate acts like an orifice with very low flow efficiency. As the
opening angle increases, the effective outlet area and flow capacity increases. The results indicate a

change in flow hydraulic behavior within the gate-opening-angle range of 60°-65°.
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Conclusion: Comparison of the numerical and experimental results showed that no single turbulence
model is superior in all aspects. The appropriate model should be selected based on the output required.
Flow behavior strongly depends on the side slope. In the mild slope (0.20), jets impinge with maximum
energy, creating a highly turbulent zone with non-uniform Reynolds stress distribution. As the gate
opening angle increases, the stage-discharge curve slope decreases. At small angles, the gate acts as an

orifice. Numerical model predictions showed good agreement with experimental data.

Keywords: Rotating Semi-Circular Gate, trapezoidal canal, Turbulence model, stage-discharge curve,
energy loss.
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Table 4 Mean Error of the Numerical Model in
Predicting the Left and Right Water Surface Profiles of

the Canal
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Table S Mean Error of the Numerical Model in Predicting Water Surface Profiles for Different Discharges
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RG-0.20-0.6 0.5-0.75 8.4 8.45 8.41
0.75-1 8.12 8.18 8.22
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Fig. 12 Effect of sidewall slope on water surface profile
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Table 6 Mean Error of the Numerical Model in Predicting Water Surface Profiles for Different Side Slopes

SET x/X L/R=2 L/R=3 L/R=4

0-0.5 4.1 4.35 4.75
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0.75-1 5.02 4.79 5.1
0-0.5 5.23 5.37 5.45

RG-0.31-L-0.03 0.5-0.75 8.45 9.1 8.67
0.75-1 6.02 5.99 6.17
0-0.5 6.38 6.42 6.18

RG-0.20-L-0.03 0.5-0.75 9.17 9.73 9.39
0.75-1 5.35 6.09 5.78
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Table 2 Statistical Analysis of the Stage-Discharge Relationship

Parameter

R2 Error'

RMSE

SE%

NRMSE%
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0.81 9.21
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13.7
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Fig. 17 Total Energy Loss Over the Canal Length in numerical and experimental model
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Table 10 Statistical Analysis of Total Energy Loss precentage vs. Dimensionless Relative Discharge between numerical and
experimental models

Parameter R? Error%

RMSE SE%

NRMSE%

Value 0.81 9.91

0.051 12.9 7.6

Journal of Hydraulics

21(3), 202

»

125

6



1F+0 ‘le&o.b 9 Gﬁ.m,.:

ey 5l Glo plopus azm yo 0 Slos goue 5w o

0.0 50.0 RG-044-0.6-Q-50 ——RG-0.44-0.6-Q-60
- —-—ig.g.ﬁ.g.g.g.zg gg.g.::.g.g-g-gg RG-0.44-0.6-Q-65 RG-0.44-0.6-Q-70
-0.44-0.6-Q- -0.44-0.6-Q- ——RG044-06-Q75 RG-044.06-Q55
400 §  ——RG-044-0.6-0-75 RG-0.44-0.6-Q-55 400 Q Q
"
$ 300 < 300
N
8
5 200 = § 20.0 -~
10.0
10.0 )
— Exprimental Numerical \
00 1 , , ; X ) oo
020 040 0.60 0.80 100 120 140 o0 o0 om0 o080 100 10 L0
OH ) i i o ) ' '
——RG-0.31-0.6-Q-50 RG-0.31-0.6-Q-60
500 T ——RG-031-0.6-Q-50 RG-031-0.6-Q-60 00
RG-0.31-0.6-Q-65 RG-0.31-0.6-Q-70
RG-0.31-0.6-Q-65 RG-0.31-0.6-Q-70 Bt Q % s Q 7
40.0 \‘—RG-0.31~0.6-Q-75 RG-031-0.6-Q-55 40.0 ——RG-031-0.6-Q- -0.31-0.6-Q-55
§ 300 § 30,0 >
&
Q
g 200 2 200
10.0 . —
Exprimental 10.0 Numerical B
00 1 . . . . . .
020 040 060 080 100 120 140 0.0
oH 020 040 060 QHo.xo 100 120 140
RG-02-0.6Q-50 ——RG-02-0.6Q-60
50.0 -~ RG0.2-0.6-Q 50 ——RG-02-0.6-Q-60 0.0 - - 3
§ RG-02-0.6-Q-65 RG-0.2-0.6-Q-70 : gg g'ﬁﬁ'g‘“ﬁ __ig g'ﬁﬁ'ZQ ;2
400 .. ——RG-02-0.6-Q-75 RG-0.2-0.6-Q-55 o RG-02-0.6-Q- -0.2-0.6-Q-
- 0.0
. o
s 300 \ E 0 ——,
2 ~ g Raguo
20.0 S
! 200
10.0 ’-_\\ﬁ L\
Exprimental 10.0 Numerical
00 +
020 040 060 080 100 120 140 0.0 +
om 020 040 060 o ;'80 100 120 140

Fig. 19 Variation of Energy Loss Percentage vs. the Dimensionless Relative Discharge at a Constant Transition Length

s b Jsb jo (o0 ww g azmial Bl 50 (65,1 28y 08 wo s (e Ol 1] IS

S RNG Jow g eyl coion 0 LES Jou
ol 053 5l sy 0 Shos O s Jdg (i
.MQGA

Ol (Slgyde jL3, 45 wad oo LiS Guizred gl
ool JUIS il o b cow ey

GolS 5 by alaie gl ialdl s asz=e /Y o
AL ity Sai b (zgy5 slacer (] 55 e
@9 9 dad—b Sia BT L lali g 03,5 0,95 0
Legyoaly) oiS o Slaul 5alsi, slo s 8,5l enli
ol @5 IS ey 0 ol Bes LS S92
@z yd (Sa—bl asly Rl L mizmen ol o0
S S b g Al Gl Lz e cod)l
a3 S (S5l slaagly )3 b SRl 2
w3 oo Gl @l a5 (Jl o )ls ajy; alie 518,
Ol (Sgyaan L8, w0 PO L 7r odgaome 5
e aladi SG gl J—ib oo Sorie g 00,5 s

Lol pod ¢ B _iolejl g (s00e gl aolio 095 oo

S5 domi =¥
Sty A iules] 5 goae Jow 4 wlie s
oS weo e plois Ol s g 9 S Jido
aep ;0 LES gRNG K—¢  Sia il slaJow 5l Sogu
ot S LES Jos aijlad glhe 650 Lo el b
eSilee S lalesl Ll den j0 ey L
ol waw Sy (ot 5o Lol il asls 1) Uas
(Blie jo ams oo lid as o) el i gl .Sl
Jos 53 Ol g Judsn (i 0 RNG Jos
Cand a8 s e 35510 0 T 285 a5 >y w00,
Sl Jaw obsl (pl pl .l 2S5 LES Jaw 4
30 (yuira 09 plil (gl Bas b sl Wb
Jeo 4 S5 Sl ol ey b ol Ul
5 Shee BT JULS 5550 53 ol 3505 5 (o Kot
S Gl ol sl i Sl 4 iz
(il (60, Kilundls Cos 5 (253 glace 3,55 5

Journal of Hydraulics

21(3), 202

»

126

6



1F+0 }-gd‘l{. Y o)Lo.& g 099

Sy yuap

(32825 gl (o Colom aisS gd (OB o 5d) ot g
50,55 il s alie ol el 5 s

Wosld dy ow yiwd
J}.’a PRI J...L’;u L 9 o ..\.Jﬁ.a 6Lb°°“> 4c goxo
o..\.;.mi}s )‘ sJ?JL’.A Ca...u‘}})\) C_')Jﬁ..o ) sj..ol.‘> asJllao

Al u.u).u.u\) B J}.i...wo

5 Laools koot 5 2325 o sile;] bl z gl ovkimmun 9

llie sl oyte oyt

doiolosl plol o o)las wonsl &Il 10 oot g
Alie e 2l Giulpg Aol Jelos 5 @l (o) 0
38 jlie dedl Julowi g ol (o) 2 0 gman Ot 93
Alie ol e Salns

Lol Jelos 5 @l (o) 2 100 ko 93

Lol Jolos g el (o) 2 tpeomiy 00 g9

bz - #
Bijankhan, M., Ferro, V. & Kouchakzadeh, E.

(2013). New stage-discharge relationships for radial
gates. J Hydraul Eng., 139(5), 378-387.

Cassan, L. & Belaud, G. (2012). Experimental and
numerical investigation of flow under sluice gates. J

Hydraul Eng., 138(4), 367-373.

Ebrahimian, S., Hajikandi, H., Shafaci Bajestaj, M.,
Jamali, S. & Asadi, E. (2019). Investigation of the
effect of trapezoidal canal side slope on bed shear
stress and hydraulic jump characteristics using
Flow-3D model. Iran Water Res. J., 13(4), 103-112.
(In Persian)

Ferro, V. (2001). Simultaneous flow over and
under a gate- Closure. J. Irrig. Drain. Eng., 127(5),
326-328.

Hashem, T,. Mohammed, A.Y. & Alfatlawi, T.J.
(2024). Hydraulic characteristics of labyrinth sluice
gate. Flow Measurement and Instrumentation, 96,
102556. https://doi.org /10.1016/ j.flowmeasinst.
2024.102556.

Heidari, M.M., Karami, S. & Adib Rad, M.H.(2020).
Investigation of Free Flow under the Radial Gate
with the Sill. J. Civ. Env. Eng., 50(3), 9-19. (In

Al goae Jow a5 amo o s o5 kel sla Lo
O 30 b1y (65,80 cdy 00 g Jab oo akaly)
Ol 2 e (Kb g, g 09,5 adgisl wo s A

S gleanl peFa )

U (ms™) ce o
f S955 ©)le
VF 23 e Jlw oz S
P kgm's?) Lus
A Obyx Glp ndy (oyiws (s S
ms?) gl 5 oles

p (kgm?) J&>
Q m’s") by (o9
Al (m?) Cews¥b b > colae
Ay (mz) Cawd u.:.)b QL).> TS WA
AE (m) 550 JS° 28,00
Eo (M) 505 o315l azwl b sl lode
Qh w <
Wh s 2y
Ec (M) lawlxe aziwl 3 slolode
R Az 0 &l.:..:;
0 azm o (S bl agl;
N osls e
n osly 1.Sile
g i 3L

slai aigS zd a5 W5 lo co el Alin cpl B gl
o @l g clae Ll g ()5 ps—as ;o il

IR KO YL

o @l

Journal of
21(3), 202

127

Hyd

raulics
6



1F+0 ‘le&o.b 9 Gﬁ.m,.:

ey 5l Glo plopus azm yo 0 Slos goue 5w o

Marashi, A. (2019). Hydraulics of butterfly
gates:Specifications and criteria for open canal
applications, PhD Thesis, University of Lorestan. (In
Persian)

Moghtaderi, A. & Valizadegan, E. (2021).
Investigation of the hydraulic characteristics of flap
gates at the end of trapezoidal canals. J Water Soil
Sci., 25(2), 107-118. (In Persian)

Seyedzadeh, A., Yasi, M. & Farhoudi, J. (2024).
Investigating the flow through parallel sluice gates
on a broad-crested weir. Flow Measurement and
Instrumentation, 99. 102679, https://doi.org/
10.1016/j.flowmeasinst.2024.102679.

Guo, X., Guo, Y., Wang, T., Fu, H. & Li, J. (2021).
Study and application of discharge calibration for
submerged radial gates. Flow Measurement and
Instrumentation, 78, 101912, https://doi.org/10.
1016/j.flowmeasinst.2021.101912.

Persian)

Kheiraie, M., Yonesi, H.A., Shahinejad, B.,
Torabipodeh, H. & Marashi, A. (2026). Laboratory
Study of the Application of Semi-circular Rotary
Gates in Rectangular Canals under Submerged Flow
Conditions. Water Supply, 26(6), 486-503.

karamdokht Behbahani, M., Sajjadi, SM. &
Ahadiyan, J. (2024). Hydraulic Investigation of The
Flow Through Multiple Rectangular Lopac Gate
Valves In Free Flow And Submerged Mode By
Flow3D Software. lranian. J. Irrig. Water Eng.,
56(4), 19-32. (In Persian)

Kim, D.G. (2007). Numerical Analysis of Free Flow
Past a Sluice Gate, J Civil Eng., 11(2), 127-132.

Liu, Y., Hao, C., Zhang X., Yu, H., Sun, Y., Yin, Z.,
& Li, X. (2025). Sluice gate flow model considering
section contraction, velocity uniformity, and energy
loss. J Hydrology, 656, 133020, https://doi.org/
10.1016/j.jhydrol.2025.133020.

© 2026 The Author(s). Published by Iranian Hydraulic Association, Tehran, Iran.

This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits

unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cited.

Journal of Hyd

21(3), 202

128

raulics
6


https://doi.org/
https://doi.org/%2010.1016/j.flowmeasinst.2024.102679
https://doi.org/%2010.1016/j.flowmeasinst.2024.102679
https://doi.org/10.%201016/j.flowmeasinst.2021.101912
https://doi.org/10.%201016/j.flowmeasinst.2021.101912

