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Accurate discharge measurement under submerged flow conditions remains a
major challenge in irrigation and drainage networks. Portable SMBF flumes,
despite their widespread application, experience reduced accuracy under
submergence conditions. In this study, the hydraulic performance of an SMBF
flume under submerged conditions was evaluated through an integrated
experimental and numerical approach using the Flow-3D simulator. Experiments
were conducted in a rectangular flume with contraction ratios of (r=0.342) and
(r=0.561). In the numerical modeling framework, the RNG turbulence model and
the Volume of Fluid (VOF) method were employed to accurately capture the free-
surface dynamics. Model performance was assessed using RMSE, NSE, the
Kling—Gupta Efficiency (KGE) index, and a systematic mesh sensitivity analysis.
The results indicated that the contraction ratio (r=0.342) showed the best
agreement with experimental data, while increasing the contraction ratio to
(r=0.561) led to a reduction in model accuracy. Furthermore, an optimal grid
configuration with a cell size of approximately one hundredth of a meter and a
total number of cells between 10°x 7/5 and 10°x1/1 provided a suitable balance
between numerical accuracy and computational cost. The main novelty of this
study lies in presenting an integrated framework combining three-dimensional
numerical modeling, mesh sensitivity analysis, and the application of the KGE
index for multi-dimensional performance evaluation under submerged flow
conditions. This approach enables simultaneous assessment of accuracy, stability,
and variability of flow. The findings can be directly applied to the calibration of
SMBF flumes and the improvement of discharge measurement accuracy in
irrigation networks.
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Figure 1. Flowchart of the research methodology
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Figure 2. Overall view of the conceptual model used at the Central Water Research Laboratory, Irrigation and
Reclamation Group, University of Tehran
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Figure 3. Discharge evaluation in numerical models and comparison with experimental data at a contraction ratio of 0.342
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Figure 4. Discharge evaluation in numerical models and comparison with experimental data at a contraction ratio of 0.561
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Table 1. Mesh sensitivity in submerged flow simulation and associated error indices

Condition B (m) NO Cell size Number of cells Qexp (cms) Qcal (cms) RMSE MAPE Percent

1 0.01 616000 0.0070 0.0077 0.00065 9.405
1 0.342 2 0.01 784000 0.0190 0.0193 0.00027 1.472
3 0.01 1092000 0.0440 0.0413 0.00271 6.167
1 0.01 896000 0.0080 0.0078 0.00018 2.360
2 0.561 2 0.01 1148000 0.0160 0.0134 0.00259 16.219
3 0.01 1456000 0.0480 0.0296 0.01839 38.330
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