Iranian Hydraulic Association
Journal of Hydraulics e Research Article
Vol. 20, No. 4, PP. 95-108, Winter 2026 v meicasdiion  https://doi.org/10.30482/jhyd.2025.524113.1736

Investigation of Mathematical and Experimental Models of
the Linear Proportional Sharp Weirs

Sohrab Nazari **, Mohammad Karimi Chahartaghi 2

1- Department of Civil Engineering, Eqlid Branch, Islamic Azad University, Eqlid, Iran.
2- PhD in Civil Engineering.

*So.Nazaril351@jiau.ac.ir

Received: 17 May 2025 J. Hydraul.
Accepted: 29 June 2025 $$$ Iranian Hydraulic Association
Discussion: 21 March 2026 Homepage: www.jhyd.iha.ir
Abstract

Introduction: Weirs are simple devices used to measure flow in open canals and ducts. Generally, the
geometric cross-section of the weirs is rectangular, trapezoidal and triangular. The discharge - height
relationship in this type of weirs is non-linear. The geometry of sharp weirs generally follows a
mathematical equation. The governing mathematical equation can also be expanded based on the
Gamma function and the Abel integral. The first idea to design the shape of the weir was proportionally
and linearly completed by Stout, 1897 and later by Sutro, 1908. Sutro weir (proportional) consists of a
combination of a rectangular section and a special curve. The discharge-height relationship in the Sutro
weir is linear and proportional. Sutro type weirs are used to measure discharge in various industries,
including chemical industries, wastewater transmission and treatment, and water transfer channels in
irrigation and water supply. The geometric dimensions of the base rectangle affect the shape of the curve
and the flow rate.

Methodology: In this study, by analyzing the governing equations and applying expansions of the
Gamma and Abel integral functions, the design equations for a sharp-crested overflow body were
derived. The amount of flow through this type of overflow is also a function of hydraulic conditions and
geometry of the weir shape body. In this regard, the flow rate passing over these types of weirs is of
particular importance.

Through dimensional analysis, the dimensionless parameters influencing the discharge coefficient (Cd)
were identified and evaluated experimentally by constructing 12 different Sutro weir models with varying
dimensions. To make Sutro weir, the coordinates of the overflow profile were first obtained in Excel
using the extracted equation and then using the weir body was drawn in AutoCAD software. laser-cut
on 2-mm-thick aluminum plates with high precision, suitable for both engraving and cutting...

The experiments were conducted in the hydraulic laboratory of Eghlid Islamic Azad University, using
a flume 6 m long, 1.0 m wide, and 0.6 m high, equipped with a recirculating water system. The weirs
were installed at the end of the chanal and a level gauge with an accuracy of 0.10 millimeter was used to
measure the depth above the weir where the water level was completely horizontal. T'o measure the flow,
a Megap magnetic flow meter with an accuracy of 0.001 liter per second installed in the main
transmission pipeline and a standard trapezoidal weir calibrated and installed on a reservoir at the end
of the system were used. After establishing steady flow conditions, the discharge and corresponding
head over each weir were recorded, and finally, using the governing equations, the experimental
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discharge coefficient for each weir configuration was determined

Results and Discussion: This study was conducted to determine the discharge coefficient of the Sutro
weir. Dimensional analysis was performed to identify the dimensionless parameters influencing Cd.
Flow rate (Q) diagrams were plotted against the parameter [H-1/3 a] for all experiments. In all graphs,
a linear relationship with a correlation coefficient of R* was observed to be appropriate and near one.
The results of dimensional analysis of the parameters affecting the discharge coefficient are as follows
equation.

Q h h h h
Cq =2<

h
=— < —,=,—,——,——, R, W, F)
1 e’ b I'r
2./2gWaz

W’P’a’(2W+a)’h + P’

The above dimensionless parameters were calculated for all experiments. In order to evaluate the priority
of the effect of dimensionless parameters using SPSS-21 software, this was done first. The results
showed that the most effect is related to the dimensionless parameter H / w. Of course, the parameters
H / (P + H) and Fr are also in the next priority. Therefore, in the next step, regression model analysis
was performed between these three parameters and Cd coefficient. Finally, using multivariate regression,
the relationship between flow coefficient and dimensionless parameters was extracted. All tests were
conducted under turbulent flow conditions. The Weber number, representing the effect of surface
tension, was also calculated. The influence of surface tension was negligible for water depths exceeding
approximately 2-3 cm. Furthermore, the approach velocity and velocity head were determined, and the
results demonstrated that the effect of approach velocity could be neglected.

Conclusion: In this research, the Abel integral function and the expansion of the Gamma function were
employed to study and design the body shape of the weirs. The initial concept of overflow body design
was proposed by Stout (1897) and further developed by Sutro (1908) in a proportional and linear form.
Since then, numerous studies have been conducted by different researchers, each presenting design
equations based on the fundamental constraints of weir geometry and flow behavior. The discharge
capacity of such weirs can be experimentally determined by constructing the desired weir model and
conducting laboratory tests. In this study, a linear proportional overflow type was constructed and tested
experimentally. The analysis of experimental data revealed that the average discharge coefficient (Cd)
for these conditions was 0.634.

Keywords: Linear Proportional Weir, Discharge Coefficient, Abel Integral Function, Gamma
Function.
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Table. 2 Sample test in Sutro weir with 2w=22.5 $§ a=3.5cm

2w=22.5 a=3.5 H0=10.8 p=10
cm cm cm cm
Hz Q Hs H [H 1 a] b K Cd
cm L/s cm cm 3
cm
5.900 5.102 16.200 5.400 4.233 0.121 5.726 0.646
9.000 9.612 19.300 8.500 7.333 0.131 6.228 0.703
9.800 10.922 21.500 10.700 9.533 0.115 5.443 0.614
11.300 13.523 24.200 13.400 12.233 0.111 5.252 0.593
13.700 18.052 28.000 17.200 16.033 0.113 5.350 0.604
14.000 18.648 29.000 18.200 17.033 0.109 5.202 0.587
15.300 21.305 31.000 20.200 19.033 0.112 5.318 0.600
15.600 21.935 32.200 21.400 20.233 0.108 5.151 0.581
16.600 24.078 34.000 23.200 22.033 0.109 5.192 0.586
17.000 24.953 34.500 23.700 22.533 0.111 5.262 0.594
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