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Abstract

Introduction: Measuring, recording, and monitoring water flow in the waterways and irrigation and
drainage networks are essential for demand-driven, volumetric water delivery. Flow measurement in
open channels is more complex than in closed channels because flow uncertainty and degrees of freedom
are greater. At the same time, these irrigation systems require low-cost yet accurate measuring
instruments or structures. Due to their economic efficiency and relatively low uncertainty, flow
measurement structures based on the discharge-head relationships, such as weirs and flumes, are used.
Among them, measuring flumes are fundamental hydraulic structures in irrigation networks and, when
properly designed and constructed, can achieve high measurement accuracy.

In this study, the submergence threshold and discharge under submerged conditions were tested for a
porous cut-throat flume with triangular and trapezoidal throats. The main goal of this study is to derive
an empirical relationship for estimating the submergence threshold and through-flow discharge under
submerged conditions in a gabion-based cut-throat flume.

Methodology: The experiments were conducted in the hydraulic laboratory of the Water Engineering
Department of the Faculty of Agriculture, Razi University. For this purpose, a laboratory channel with
a rectangular cross-section with 37 cm width, 60 cm height, and 6 m length was used. To construct the
gabion structures used in this study, 6 mm diameter rebar was used, and the structures were filled with
aggregates with different porosity percentages and the aggregates were divided into three different
porosity percentages. The flumes were constructed with three different flume heights, four different
throat openings, and three different porosity percentages.

In total, 36 measurement structures were tested, and 330 experiments under submergence threshold
conditions as well as 880 experiments under submerged flow conditions were conducted to calibrate the
mathematical relationships and examine the effects of governing variables on flow behavior. To derive
appropriate mathematical relationships, dimensionless groups were first obtained using Buckingham’s
n-theorem. Subsequently, nonlinear regression and Gene Expression Programming (GEP) methods
were applied to develop empirical relationships with satisfactory accuracy for estimating the
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submergence threshold and submerged flow discharge of the flume.

Results and Discussion: The results indicate that, for a constant discharge, when the throat opening
and material porosity are constant, an increase in flume height leads to an increase in the submergence
threshold depth by 5-28%. As the flume height and materials porosity are considered constant,
increasing the throat opening at a constant discharge causes the structure to become submerged more
rapidly, resulting in a reduction in the submergence threshold depth by 9-26%. A flume with greater
height and lower porosity and opening percentage has a higher submergence threshold, and as a result,
is more resistant to submergence and submerges more slowly.

Conversely, increasing the throat opening at a constant water depth leads to an increase in dimensionless
discharge by 9-66%. This is observed with an increase in the porosity percentage and a decrease in the
height of the structure. In this condition, a larger flow rate passes through the flume and a larger flow
rate range can be measured. Finally, based on the dimensionless groups derived from dimensional
analysis, empirical relationships were developed to estimate both the submergence threshold depth and
the discharge under submerged conditions. These relationships were obtained using SPSS 26 and
GeneXproTools 5.0 and were formulated separately for flumes with triangular and trapezoidal throats
to enhance measurement accuracy.

Conclusion: This study showed that the use of a porous flume effectively extends the range of flow
measurement under submerged conditions, thereby confirming the use of this type of flume in
submerged flow conditions. Moreover, increasing the flume height was shown to delay submergence,
improving measurement reliability. However, it should be noted that the application of gabion structures
in alluvial waterways with high sediment concentrations may lead to progressive clogging of flume pores,
resulting in temporal changes in structural porosity and, consequently, measurement performance.
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