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Abstract

Introduction: Flow measurement in open channels is a key principle in the effective management of
irrigation networks. Currently, critical flow conditions are widely applied in the design of flow
measurement flumes, where a control section creates a definite relationship between flow depth and
discharge. The Venturi flume first demonstrated the influence of local channel constriction on pressure
and velocity distribution (Hager, 1985; Ferro, 2002). Flumes that operate by locally reducing channel
width are common; for example, throat flumes with gradual width variation are used in several European
countries, while the throatless Parshall flume is widely applied in Anglo-Saxon countries (Blaisdell,
1994; Parshall, 1926). Hager (1988) introduced a moving circular flume consisting of a circular column
placed at the center of a pipe to create constriction. Earlier studies also proposed inserting circular
columns into trapezoidal channels to estimate discharge (Hager, 1986; Samani and Magallanez, 1993),
and laboratory investigations examined the hydraulic behavior of different circular flumes (Samani et al.,
1991). Previous studies mainly focused on Parshall flumes or flumes with a central baffle. In Parshall
flumes, the cross-section is partially reduced and sometimes includes a bottom step. In central baffle
flumes, the non-submerged baftle may increase blockage risk and generate high shear stresses due to
high-velocity flow passing on both sides. The flume proposed in this study aims to utilize the entire
cross-section, particularly at high discharges, while allowing the flow to submerge the baffles. It is
hypothesized that using multiple baffles can reduce downstream shear stress compared to flumes with a
single central baffle, which is particularly important for erodible beds. The objective of this study is to
hydraulically evaluate a new flume consisting of cylindrical baffles. The effects of blockage ratio (cylinder
diameter) and cylinder height at different discharges are investigated. In addition, dimensional analysis
is used to derive a discharge relationship, which is determined through nonlinear multivariate regression.

Methodology: The modeling of this research was carried out in a rectangular laboratory channel with a
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length, width, and height of 10, 0.8, and 0.6 m, respectively, in the hydraulic laboratory of Shahid
Chamran University of Ahvaz. In general, 11 models were built with geometric variables, including
different heights (P) and diameters (D). Hydraulic variables also included different discharges. At each
discharge in free-flow conditions, the downstream gate was fully open. Considering the hydraulic
variables, a total of 190 experiments were conducted for free flow conditions.

Results and discussion: As the height of the baffles increases, submergence occurs at higher discharges.
Conversely, increasing the baffle diameter increases partial blockage and causes submergence at lower
discharges. Determining the threshold discharge for submerged baffles is particularly important in
waterways carrying debris such as tree branches, since blockage can lead to errors in discharge estimation.
In this type of flume, the relationship between discharge and upstream depth follows a logarithmic
function. Because partial blockage increases with larger baffle diameters, the upstream depth becomes
greater for the same discharge. Results also indicate that for a given upstream depth, the discharge index
decreases with increasing baffle height and blockage ratio. Similarly, for a constant upstream depth,
smaller diameter baffles produce a higher discharge index. Based on the dimensionless relationships
obtained from dimensional analysis and laboratory data, an empirical equation was developed using
nonlinear multivariate regression. The analysis was performed using SPSS 16, with 75% of the data used
for training and 25% for calibration to evaluate the accuracy of the proposed relationship.

Conclusion: This study experimentally examined the hydraulic performance of a flume with cylindrical
baffles, focusing on how baffle height and diameter affect flow under free conditions. Results show that
discharge changes logarithmically with these variables. Reducing the height or increasing the diameter
of the baffles causes the flume to become submerged at lower discharges. Also, increasing the height
and diameter of baffles reduces the discharge index due to greater flow blockage. An empirical formula
for the discharge index was developed using dimensional analysis and nonlinear regression, achieving
high accuracy (R? = 0.98 for training and testing datasets) and a relative error of approximately 11% for
the testing dataset.
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