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This study develops a meta-model combining Fluent numerical simulations and
machine learning (ML) to predict sediment diversion into lateral intakes along
a U-shaped channel. The model considers key input parameters, including the
intake’s position along the outer bend, diversion angle, and inflow percentage.
Initially, sediment transport was simulated using discrete phase model in a U-
shaped channel with a lateral intake positioned at 115° on the outer bank and a
45° diversion angle. The results were validated against experimental data.
Following calibration, the numerical model was applied to 31 intake positions
along the outer bend (from 10° to 140° at 5° intervals) with diversion angles of
10°, 30°, 50°, 70°, and 90°, and inflow ratios of 20%, 30%, and 40%. For each
configuration, the percentage of sediment entering the lateral intake was
computed. The resulting dataset was used to train and validate multiple neural
network models, including Multi-Layer Perceptron (MLP), Radial Basis
Function (RBF), Generalized Regression Neural Network (GRNN), and Support
Vector Regression (SVR). Using 70% of the data for training, the meta-model’s
performance was assessed on the remaining 30%. Error analysis demonstrated
that the SVR model outperformed others in predicting bed load sediment rates
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EXTENDED ABSTRACT

Introduction

This study presents an innovative hybrid approach combining discrete phase numerical modeling with
machine learning techniques to predict bedload sediment transport rates into lateral intakes located in
curved channel bends. The research addresses a critical gap in sediment management for water diversion
systems by developing a predictive model that considers three key parameters: intake position along
the outer bend (10°-140°), diversion angle (10°-90°), and inflow ratio (20%-40%).The numerical model
employed a two-phase discrete phase approach to simulate sediment transport in a U-shaped channel
(bend radius: 2.6 m, width: 0.6 m), calibrated against experimental data from Montaseri (2008) for a
lateral intake at 115° (45° diversion angle). The validated model was extended to 31 intake positions
(10°-140° at 5° intervals), five diversion angles, and three inflow ratios, generating a dataset for ANN
training.

Materials and methods

Numerical Modelling

o Geometry & Setup: U-shaped channel with lateral intake; simulations conducted in Fluent using a
discrete phase model (DPM) for sediment transport.

« Validation: Results matched against laboratory data (Montaseri, 2008).

Machine Learning Framework

Four ANN architectures were trained on 465 simulated cases (70% training, 30% validation):
1. Multilayer Perceptron (MLP): Optimized with two hidden layers (5 neurons each).

2. Radial Basis Function (RBF): Best performance at Spread = 0.25.

3. Generalized Regression Neural Network (GRNN): Optimal Spread = 5.

4. Support Vector Regression (SVR): Kernel-based regression for nonlinear prediction.

Results and discussion

The SVR model achieved superior accuracy (R2 = 0.982), followed by RBF (R2 = 0.98), MLP (R2 =
0.976), and GRNN (R2 = 0.949). Error analysis confirmed SVR’s robustness in predicting bed load
sediment rates under varying hydraulic and geometric conditions.

Conclusion

The meta-model demonstrates that SVR outperforms MLP, RBF, and GRNN in predicting sediment

diversion to lateral intakes. Recommendations:

- Use SVR for sediment transport predictions in bend channels.

- Optimized ANN architectures (e.g., MLP layers, RBF/GRNN spread values) are critical for model
accuracy.
The hybrid model provides water engineers with:

- Reliable sediment intake predictions for diversion structure design

- Framework applicable to various bend geometries

- Decision-support tool for irrigation and flood control systems
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Spread ,.is | MARE_ train | MARE_test | SSE_train | SSE_test | R% train | RZ test
0.1 1.384e-15 0.44 8.62e-29 0.87 1 0.39
0.15 4.11e-15 0.38 8.69e-28 0.70 1 0.51
0.2 6.74e-15 0.14 5.31e-27 0.27 1 0.8
0.25 2.9e-14 0.11 1.07e-25 0.12 1 0.91
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0.75 1.02e-12 0.37 9.82e-23 6.46 1 0.48
0.8 5.93e-13 0.18 3.37e-23 0.71 1 0.50
0.85 6.05e-13 0.19 2.77e-23 0.92 1 0.36
0.9 1.33e-12 0.40 2.15e-22 10.07 1 0.98
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Spread . MARE_ train MARE _test SSE_ train SSE_test RZ_train RZ_test
0.5 0.073 0.146 0.129 0.143 0.970 0.903
1 0.074 0.146 0.137 0.144 0.969 0.902
15 0.075 0.146 0.138 0.144 0.968 0.902
2 0.075 0.143 0.139 0.138 0.968 0.907
25 0.077 0.134 0.141 0.120 0.968 0.919
3 0.079 0.127 0.145 0.103 0.967 0.930
35 0.081 0.122 0.151 0.093 0.965 0.937
4 0.083 0.119 0.157 0.086 0.964 0.941
4.5 0.085 0.116 0.162 0.083 0.963 0.944
5 0.086 0.115 0.166 0.080 0.962 0.945
55 0.087 0.114 0.170 0.079 0.961 0.946
6 0.088 0.113 0.173 0.078 0.960 0.947
6.5 0.089 0.113 0.177 0.077 0.960 0.947
7 0.090 0.113 0.180 0.077 0.959 0.948
7.5 0.092 0.112 0.183 0.076 0.958 0.948
8 0.093 0.112 0.187 0.076 0.957 0.948
8.5 0.094 0.112 0.191 0.076 0.956 0.948
9 0.095 0.111 0.195 0.075 0.956 0.949
9.5 0.097 0.111 0.199 0.075 0.955 0.949
10 0.098 0.110 0.204 0.075 0.953 0.949
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