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Introduction

Side weirs are widely used hydraulic structures in irrigation, drainage, and flood control systems. These
structures allow excess water to be diverted from the main channel, helping to manage flow capacity
effectively. In converging channels, the presence of guiding structures, such as flow deflectors, can influence
the hydraulic performance of side weirs. Recent studies have highlighted the potential of guiding structures
to enhance discharge capacity. However, uncertainties persist regarding the impact of convergence and added
structures on specific energy variations in the main channel. The classical assumption of spatially varied flow
with lateral outflow suggests that specific energy remains constant along the weir. This study aims to evaluate
the validity of this assumption in converging channels with guiding structures by investigating specific
energy variations using numerical simulations.

Methodology

A three-dimensional numerical model was developed using FLOW-3D to simulate flow over a
converging side weir. The experimental setup by Maranzoni et al., (2017) was used as a reference for model
validation. The numerical domain consisted of a converging channel with a side weir, and guiding structures
were placed on the weir crest at three different longitudinal positions (upstream, middle, and downstream)
with installation angles of 60°, 90°, and 120° relative to the horizontal.
The Reynolds-averaged Navier-Stokes (RANS) equations were solved using the RNG k-¢ turbulence model.
Boundary conditions included a specified flow rate at the inlet, a pressure outlet at the downstream boundary,
and wall conditions for the channel boundaries. Grid independence was ensured by testing different mesh
resolutions, with the final model consisting of approximately 1.5 million cells. The numerical model was
validated against experimental data, with a maximum simulation error of less than 4%.

Results and Discussion

The numerical results showed that guiding structures influenced specific energy variations along the weir.
The middle position of the weir exhibited the least change in specific energy (0.8%) , making it the optimal
location for installing guiding structures. In contrast, upstream and downstream placements resulted in
greater energy variations, with mean differences of 1.17% and 1.37%, respectively.

The effect of installation angle on specific energy variations was negligible. Across different angles, the mean
variation ranged from 1.03% to 1.22%, indicating that the angle of installation had little impact on energy
conservation. The influence of the inflow Froude number was also examined. For Froude numbers below
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0.3, specific energy variations remained under 0.5%. As the Froude number increased to 0.45, energy
variations reached 1.6%, which is still within an acceptable range. These findings suggest that specific energy
variations are more sensitive to the location of guiding structures than their installation angle.

The results confirm that the classical assumption of constant specific energy in spatially varied flow with
lateral outflow holds even in converging channels with guiding structures. Although minor deviations were
observed, they were within acceptable limits for practical applications.

Conclusions

In this study, by comparing the simulation results with experimental data, it was found that the model
used for simulating flow over side weirs possesses high accuracy and reliably predicts the actual performance
of these structures. One of the key aspects of this research is the accurate simulation of side weirs in
converging channels. Despite numerous studies in this area, especially in recent years, certain aspects of the
design and hydraulic behavior of these types of weirs still require more detailed investigation and numerical
modeling.

The findings of this study demonstrated that the classical concept of specific energy stability in gradually
varied flow with decreasing discharge remains valid even under converging conditions and in the presence
of guiding structures. The average difference in specific energy between the upstream and downstream of the
weir in all simulations was 1.24%. Additionally, the influence of the Froude number on the increase in
specific energy variations was clearly observed. However, within the range of Froude numbers less than 0.5,
which is typically dominant in irrigation and drainage channels, specific energy variations did not exceed
3%.

Finally, for future research, it is recommended to investigate the effects of factors such as the crest height
of the side weir, the presence of orifices within the weir structure, and the influence of supercritical flow
regimes on specific energy variations along side weirs, in order to develop a more comprehensive
understanding of their hydraulic behavior.

Acknowledgement
We are grateful to the Research Council of Shahid Chamran University of Ahvaz for financial support
(GN: SCU.WH1402.31370).

Keywords: CFD, De Marchi, Spatially varied flow, Water structures

® © 2023, The Author(s). Published by Agricultural Engineering Research Institute. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).
BY

https://doi.org/ 10.22092/idser.2025.368890.1610



http://aeri.ir/Main/Index.aspx
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22092/idser.2024.366199.1582

V= VA doiao/VE £ o [AN 0 loud/ Y by93] (iS5 5kl (51 05l caigee Coliines

AERI
PEVESN PN

AuS Calun sbaojlu ;9a 43 1 )%0n (WL b3 ) v 10039 5521 S (w2

215 Lo pomma | U 10 (SIS 3900m0 s | BT (3150 (g M (55 poesd L el

VEF/ VYA b g,V F TN YIYO sedl yo gyl

(XN L3

s ulan ojlw jede )3 15%ed SWJUE ;5 @8lg (oole Glag ;0 )3 0319 (S5 Sl (w2 &1 GiR93 (]
A )D BAS Culud (oo jlw cawd (5w 15Ked (il 324w 43 by FLOW-3D 13810 5 5 oaliiw! b .l s> 4
b (5345 o (imsiono 585 155 31,00 0 (55 31 &3 Copms 423 1Y 980 1o (clbangly b g Job wilises oty
oy sl Cardae 315 (Lid ol Cawddy gl .l dwo 3 € 51 oS B g 5lurdand slhad o8 315 i 2Ry lojl glaosls
et g1 s gl 5 sl BTl bojles e 512 omo (ot o +IA) 038 (5551 e (305
Ol 2953 238 ;5T o 0192 e 803 VITY BV /0¥ (s lideo (gladygls (gl et ko 9 992 526 0329 (5551
U 3g,8 dae (Wial381 L .Cawl duo)d +/0 5 oS 0529 (559! ©olpmas o [T 1 oS 39,8 dlac] odgasmo 3 a5 31> LS (63959
SaMlS (15,8 oS 31> (i B oyl gl Lol JguB B 2390 10 yLmod oS iy o0 oy V)T & Ol g ol o /€0
2385 9 JUB (ol Kod Byl il 3 (G oy pw Job 53 0329 (55551 392 Sl 2 (e (ola (2938 b G e Lyl >
Sl pizo yliomed daS Culad sojlw

o 05l ¢ luwslio ¥ lww Suoliyd ¢ o Hlogd ¢ 5 pio b > S GolS S0 319

5 S oo e ol 9y 5l Sl (il oy 26 515 Ao
Bgdss Bymie Gyl o] 5l Lol JUS ol 5l cise (Ssiae glaojle glgl 5l (S il slag e
Slacall Mol glaaSits jo izmen ojle ! S s ojle ol s oI Jl gl JUS s Jsere

e By 5 JAS ot 5 lad (258 0y 5l 10T g6 5l 5 sgaee sl ol JUI s
O ISy o)l 0,p)l5 Lol JUS o O 5l a5 alfim canl 5ol JUIS

(Email: M.Daryaee@SCu.ac.ir : Jsime odius i) .ol l jlsnl lanl oyl oz argis slEiils cion; Lanmme 5 ol (cwiige 00Siils (o] (slaojlus 09,5 ~F 4V 5V )
https://doi.org/ 10.22092/idser.2025.368890.1610



mailto:M.Daryaee@scu.ac.ir
https://doi.org/10.22092/idser.2024.366199.1582
https://orcid.org/0009-0002-0947-2496
https://orcid.org/0000-0003-4304-0240
https://orcid.org/0000-0001-7108-828X
https://orcid.org/0000-0002-3812-7512

Y — VA 4oV £+ € ,lon /AN 0,Lond/ T 0,95/ (oiSR; 9 (55l (51 05l owiigee Wik

(wlouawd wdg3 Bing Al Image Creator ,l51 ;I ol b molad) il 5150w 31 (2lod =Y JSWS

Fig. 1 — View of the side weir (Images generated using Bing Al Image Creator)
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Table 2 — Comparison of experimental and numerical water depths along the centerline of the main channel
Water Depth (cm)

Distance - Error (%)
Maranzoni et al., (2017) FLOW-3D Model
-0.75 21.44 20.73 3.31
-0.60 21.44 20.73 3.31
-0.45 21.44 20.68 3.54
-0.30 21.46 20.75 3.31
-0.15 21.49 20.80 3.21
0.00 21.54 20.82 3.34
0.15 21.56 20.82 3.43
0.30 21.62 20.88 3.42
0.45 21.64 21.08 2.58
0.60 21.61 21.33 1.30
0.75 21.67 21.38 1.34
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Fig. 7 — Comparison of experimental and numerical model results for the dimensionless velocity ratio
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Fig. 8 — Analysis of water depth over the side weir crest at different inlet discharges
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