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Extended Abstract

Introduction

Side weirs are hydraulic structures commonly utilized in various water management systems, including sewage,
irrigation, and flood control. They function to divert a portion of the flow from a main channel, ensuring that
downstream flow does not exceed the channel's capacity. The flow over side weirs is characterized by spatially
variable flow rates, and the governing equations for such flows often lack analytical solutions, necessitating
extensive experimental studies. Side weirs can be designed in various shapes, including rectangular, triangular,
and trapezoidal forms. The performance of these weirs is influenced by several factors, including the weir
height, which affects the flow characteristics such as pressure, shear velocity, and free surface levels. The
primary goal of this study is to numerically evaluate the hydraulic behavior of flow over sharp-edged side weirs
in trapezoidal channels, focusing on the impact of weir height on flow parameters.

Materials and Method

In this investigation, a trapezoidal channel model measuring 12 meters in length, 2.5 meters in width, and 1.25
meters in height was utilized to assess the hydraulic flow over sharp-edged side weirs. Various weir shapes,
including semicircular, rectangular, and triangular, were implemented along the channel's side. To analyze the
influence of water level behind the weir on flow modeling, two different water levels of 1.9 meters and 2.0
meters were tested. The numerical simulations were performed using the Flow3D software, which allows for
detailed analysis of hydraulic conditions. The boundary conditions were set to reflect realistic flow scenarios,
including volume flow rates at the inlet and pressure conditions at the outlet.

Results and Discussion

The numerical results indicated that increasing the height of the sharp-edged weir significantly affected the
hydraulic parameters. For instance, when the weir height increased from 60 cm to 80 cm, the pressure at the
weir increased by 3.5%, while the shear velocity decreased by 7%. Conversely, the horizontal velocity increased
by 13.5%. Additionally, as the height was raised from 80 c¢cm to 100 c¢m, pressure increased by 4.5%, shear
velocity decreased by 2.5%, and horizontal velocity increased by 11.24%. The Froude number, which is a
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critical parameter in hydraulic flow analysis, demonstrated a reduction of 23% and 8.8% for the respective
height increases.

The pressure distribution showed that the semicircular weir provided the highest-pressure output, reaching 7.54
kPa, while the triangular weir exhibited the lowest pressure at 6.75 kPa. The shear velocity results indicated
that the maximum shear velocity occurred at the 60 cm weir height, while the minimum was recorded at the
100 cm height. Furthermore, the analysis of free surface levels revealed that the highest free surface was
associated with the 100 cm weir height, measuring 1.76 meters, compared to 1.75 meters for the 60 cm height.

Conclusion

The findings of this study highlight the significant impact of weir height on the hydraulic performance of sharp-
edged side weirs in trapezoidal channels. The increase in weir height correlates with variations in pressure,
shear velocity, horizontal velocity, and free surface levels. Specifically, higher weir heights result in increased
pressure and horizontal flow velocities, while shear velocities tend to decrease. The study provides valuable
insights into the design and optimization of side weirs, emphasizing the need for careful consideration of height
and shape to enhance hydraulic efficiency. Future research is recommended to explore additional shapes and
configurations of side weirs to further understand their hydraulic behavior under varying flow conditions.
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Abstract

The flow on the lateral weirs is of a spatially variable type with a decreasing flow rate. Lateral weirs are made in different
ways. These structures are usually built in a rectangular shape. Rectangular lateral weirs have a fixed crown width, while
in circular lateral weirs; the width of the water surface passing through the weir is a function of the water depth. In this
research, to numerically investigate the hydraulics of the flow over the side weir of a sharp edge, a trapezoidal channel with
a length of 12 meters, a width of 2.5 meters, and a height of 1.25 meters was used in the wall of the channel. To investigate
the effect of the water level behind the weir on the flow modeling, water levels of 1.9 metersand 2 meters were used. Based
on the results, by increasing the height of the sharp edge weir in the trapezoidal channel from 0.6 meters to 0.8 meters with
the shape of the rectangularweir crown, the pressure increases by 5.3%, the shear speed decreases by 7%, and the horizontal
speed increases by 13.5%. In addition, it was found that by increasing the height of the trapezoidal sharp edge weir from
0.8 meters to 1 meters with the shape of the rectangular weir crown, the pressure increased by 5.4%, the shear speed de-
creased by 2.5%, and the horizontal speed increased by 11.24%. Also, the changes in the Froud number for the mentioned
situations have shown a 23% decrease and an 8.8% decrease, respectively.
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Fig 1. From right to left: Semicircular sharp edge spillway, rectangular sharp edge spillway and
triangular sharp edge spillway
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Fig 4. Pressure results at the spillway output of the reference article and present modeling
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Fig 5. Fig 5. Speed results in the weir output of the reference article and the present modeling
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Fig 6. Pressure simulation results based on the weir height of 60 cm
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Fig 7. Pressure simulation results based on the weir height of 80 cm
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Fig 8. Pressure simulation results based on the weir height of 100 cm
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Fig 10. Simulation results of shear speed based on the weir height of 60 cm
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Fig 11. Simulation results of shear speed based on the weir height of 80 cm
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Fig 14. Simulation results of the free surface of the flow based on the weir height of 60 cm
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Fig 15. Simulation results of the free surface of the flow based on the weir height of 80 cm
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considering the height parameter of the crown weir
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Fig 21. Comparison of the depth of the flow created on the lateral weir of the sharp edge with different heights and
considering the height parameter of the crown weir

S es -F
S35 55 4 e Cu:) Uil b el 3l Ay O/ a)'\Jd\e\.gJKMLé}L;SV/\V jlmgd&wg,gs'\/w e 3l LS
‘)&LMLA A “ Lw-\' ‘)‘J\-U )\ 6‘%)}.3 Jl.sls ,)')J“ 4...])_’)}..4 CL@)\ "“\Jj\ L J"Lid“ &‘ﬁ‘ Ju.d).ﬁ 0/¢ a)‘.b‘
Cw‘)‘&.\ﬂ\bcﬂls“)bv e‘)\.b\dad.:guj.’]:ﬂ'/'/\' )‘J\.Z.Aﬂ\.ad.:.»ufsfﬂ'/'/\-\)‘Jui&)‘d&jujw%&ﬂ)ﬂcu
f’):"./ /\')\M)\ J'qf ;&ﬂwf)ﬂcbdgwbwb\“ “ Lw/\' )lJM)‘élw))JﬁuJ;)Jw
ol Vo lie 31 (glaii3sd 55 ad s P i1 Ll e SIS Lo p3Y/0 o310l asl e o/ 0VA lie 4 g
Lo 3 VY70 o3l s sl 0 e /Y)Y Sl 4 4l 5 e V/4) )\Jm)\du\wﬁ‘)&wj)ﬁcb‘}iwb Sl A @
B e e Al 5y CUJ.(:«QJ:A.::JL,«\H 4 gatle A Slude ) él&jjsquﬁ)ﬂcw)l ol 3 Ll 58l
S5 55 55 4 s PUE) 1 Ll o 1 doss VT o310l il e 5 Y/EQ e g b 2 20 Y/TY ks S
M)JYY‘/"\G)\JJ\MY/\/\)‘J\AAMY/Vi)‘J;LA)\.)}JB)J&‘AMJJ)J%»C{JJ&{J l.w/\"b Lw‘\')‘.\.ﬂ.&)‘
)\b}ﬁ).l&‘;kﬁmj;)ﬂcbt}gubwb\"b Lw/\')‘.)ulﬁ)‘é‘%)}},ddf)ﬂé}.b)‘ "ﬁbﬁ‘bcdzﬁks
el T e Sl S35 55 ad s gl Gl L e SIS doss A o3l VAYY s ¢ Y/)A s

cdv.ﬁls .L..o)J Y\ Y a)\.b\ MJKM[{ o/V\ )‘MMJ&#QV/VY}‘J\.&A )‘ ‘;J:JJJ»«J‘;L:.EJMJ{.)J“: CUJ&.A LJ.:.Q.:UL.«: A “

Y



ko g gl )l b juiad (il 3w 30 by Sdgjuud (Goue (o) y olhSen g s

el Il oy 25 dats 55 5 2B JSE L metla Y er 4 el Ar SliRe 51 gl s 53 55 ad e g LEL) 230

)\ de.J} LS)LMJJ.A B gﬁ"> ).,":i‘: [l GLZJ 4 4.?-): L; &LJLi u;,i\]e\ MJJ \O/i' a)l.).)‘ @ JK..AL: -\/VO ‘)l.,\.aﬁ @ d&.ﬂb O/V\
ildte 5 et ladUS 53 55 ad Sl e K8 50 s s slaiised ladUE s 55 ad S e s

O ks 55 pilie slas -0

..U)\JJUUU:w\)m\lijuf.)\;mijjL{éda_gb)év.xﬁt\ﬂJ@@AASJ})‘J&(W‘UL&A@‘QKMJJ

gle -

Ahmadi, M. H., Rajabpour, R., Doorandish, A. & Tayebzadeh, H. (2019). The effect of triangular stepped overflows on
the amount of energy loss and flow velocity changes, 19th Iran Hydraulic Conference, Mashhad. https://civilica.com/
doc/1168011. (In Persian)

Bagheri, S. Kabiri, A. & Heydarpour, M. (2013). Estimation of flow rate in lateral weirs with rectangular sharp edge,
4th National Conference on Management of Irrigation and Drainage Networks, Ahvaz. (In Persian)

Ebrahimi, H. & Ghorbani, M. (2014). Simulating rectangular-triangular composite sharp edge spillway in Flow 3D
software and determining the equation of water flow coefficient, The Second National Conference on Civil Engineering
and Sustainable Development of Iran, Tehran. https://civilica.com/doc/433813. (In Persian)

Esmaeili Varak, M., & Safarrazavi Zadeh, M. (2013). Study of hydraulic features of flow over labyrinth weir with semi-
circular plan form. Water and Soil, 27(1), 224-234. https://doi.org/10.22067/jsw.v0i0.22234. (In Persian)

Ferro, V. (2018). New stage-discharge relationship for inclined non-rectangular weirs. Flow Measurement and Instru-
mentation, 64, 9-13.

Gonzalez, A. & Bombardelli, F. (2005). Two phase flow theoretical and numerical models for hydraulic jumps, including
air entrainment. In Proceedings of the Korea Water Resources Association Conference (pp. 28-29). Korea Water Re-
sources Association.

Mehbodi, A., Attari, J., & Hosseini, S. A. (2016). Experimental study of discharge coefficient for trapezoidal piano key
weirs. Flow Measurement and Instrumentation, 50, 65-72.

Mehdizadeh, Z., Nikravan, F., Kookaei, A. & Fazlowla, R. (2014). Determination of discharge coefficient in sharp edge
spillway, 10th International Seminar on River Engineering, Ahvaz. https://civilica.com/doc/677039. (In Persian)

Raeisi dehkordi, M., Faghani, R., & Moderi, S. (2023). Description of Hydraulic Jump as a Waste of Energy. New
Approaches in Civil Engineering, 7(1), 1-16. https://doi.org/10.30469/jnace.2022.365579.1076

Rami, A., Qodsian, M., Panahi, R. & Kazemzadeh, Z. (2013). Numerical investigation of the flow on the side overflow
of a rectangular sharp edge, the 15th conference of civil engineering students across the country, Urmia. https:/civil-
ica.com/doc/321697. (In Persian)

Sabbagh-Yazdi, S.R., Rostami, F. & Mastorakis, N.E. (2007). Turbulent modeling effects on finite volume solution of
three-dimensional aerated hydraulic jumps using volume of fluid. Proceedings of the 12th WSEAS International Con-
ference on Applied Mathematics. Stevens Point, Wisconsin, USA. pp: 168-174

Wang, J. & Liu, R. (2000). A comparative study of finite volume methods on unstructured mashes for simulation of 2D
shallow water wave problems. Mathematics and Computers in Simulation, 53 (5), 171-184.

Zhang, J., Chang, Q., Zhang, Q. H., & Li, S. N. (2018). Experimental study on discharge coefficient of a gear-shaped
weir. Water Science and Engineering, 11(3), 258-264.

Yo


https://civilica.com/%20doc/1168011
https://civilica.com/%20doc/1168011
https://civilica.com/doc/433813
https://doi.org/10.22067/jsw.v0i0.22234
https://civilica.com/doc/677039
https://doi.org/10.30469/jnace.2022.365579.1076
https://civilica.com/doc/321697
https://civilica.com/doc/321697

