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. > resources management and the proper operation of irrigation and drainage
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June 25. 2026 systems. This study evaluated the hydraulic performance of portable SMBF
flumes under free-flow conditions using laboratory experiments and numerical
simulations conducted in FLOW-3D with the RNG k—¢ turbulence model. Four
contraction ratios (r = 0.342, 0.464, 0.561, and 0.726) were examined to assess
their influence on discharge prediction accuracy. Model performance was
evaluated using statistical indices including ME, MAE, RMSE, NSE, Al, and

Ke‘ywords: KGE.The results showed strong agreement between numerical and experimental
Discharge Flow, Free data, particularly for the mild contraction ratio of r = 0.342, where the relative
gﬁvg%Open Channel, error was approximately 3% and KGE reached 0.93. Increasing the contraction

ratio intensified turbulence and flow separation, leading to higher prediction
errors of up to 16.5% at r = 0.726. Overall, the FLOW-3D model performed
reliably under mild contraction conditions (r < 0.5). A contraction ratio of r =
0.342 was identified as optimal, providing an appropriate balance between
hydraulic stability and measurement accuracy. Accordingly, mild contraction
ratios in the range of 0.342—0.464 are recommended for practical SMBF flume
applications.

1. Introduction
Accurate flow measurement in open channels is fundamental for watershed management, flood control,
and the efficient operation of irrigation and conveyance systems (Mohammadi & Vatankhah, 2020).
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Flumes are commonly used for discharge measurement due to their simplicity, low cost, and acceptable
accuracy (Aminpour et al., 2018). The Simple Measurement Broad-Crested Flume (SMBF) employs
two semi-cylindrical lateral contractions to accelerate the flow and induce critical depth, enabling
reliable discharge estimation. Its applicability under free-flow conditions has been confirmed by several
studies, which have proposed corresponding stage—discharge relationships (Samani et al., 2000; Carollo
et al., 2016; Vatankhah et al., 2017).

In this study, FLOW-3D simulations were combined with laboratory experiments to evaluate the
discharge accuracy of portable SMBF flumes under free-flow conditions and to identify optimal
contraction ratios.

2. Methodology

Laboratory Laboratory experiments were conducted in a rectangular Plexiglas flume measuring Sm in
length, 0.346m in width, and 0.6m in height at the Water Research Institute, University of Tehran. A
portable SMBF-flume with two semi-circular side contractions was tested under four contraction ratios
(r =0.342, 0.464, 0.561, and 0.726). Discharge was measured using a calibrated electromagnetic
flowmeter (+£0.5% accuracy), and flow depths were recorded with point gauges (£0.1mm). Each test
was repeated three times under free-flow conditions, and average values were used in the analysis.

Numerical simulations were performed using FLOW-3D based on the finite-volume method.
Turbulence was modeled using the RNG k—& model, and the free surface was captured with the Volume
of Fluid (VOF) method.

3. Discussion and Conclusion

Comparison A comparison of experimental discharge values (Q exp) and numerical predictions
(Q_cal) indicated strong agreement across all contraction ratios. The highest accuracy was observed for
r=0.342, where data closely followed the 1:1 line, yielding an RMSE of 0.0014 cms and a relative error
of about 3%. At r = 0.464, the model maintained good performance (RMSE =0.0020cms), while higher
contraction ratios (r=0.561 and 0.726) resulted in increased data scatter and underestimation due to
intensified flow separation and vortex formation.

Statistical indices supported these findings, with NSE and Al values exceeding 0.94 and 0.95 for all
cases. The highest performance occurred at r=0.342 (NSE=0.998, A1=0.998, KGE=0.93), whereas KGE
decreased to approximately 0.70 for stronger contractions. Sensitivity analysis showed that baffle angle
had the greatest influence on model accuracy, followed by flow depth near critical conditions (Fr = 1).
Mesh refinement produced a modest improvement, reducing RMSE to 0.0015cms.

4. Results

FLOW-3D simulations successfully reproduced the hydraulic behavior of portable SMBF flumes under
free-flow conditions. Increasing the contraction ratio reduced prediction accuracy due to enhanced
turbulence and flow separation. The most reliable performance was obtained for mild contractions,
particularly r=0.342, which provided high hydraulic stability and measurement precision. In contrast,
stronger contractions led to reduced model accuracy. These results confirm that mild contraction ratios
(r <0.5) are preferable for SMBF flume design and operation.
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