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Abstract

Accurate determination of the discharge coefficients plays an important role in
estimating the discharge of the weirs. As a result, it is significant to estimate the
discharge coefficients correctly. The purpose of this study is simulation and
estimation the discharge coefficients of the broad-crested weirs. Hence, numerical
simulation of hydraulic characteristics of these weirs were performed by ANSYS
FLUENT software and results were obtained. Then, three intelligent models of
ANN (MLP), GEP and RF were used to determine the discharge coefficients and
the results of these models were compared. Assessment of the results were carried
out using the statistical indices as R?, RMSE, KGE, and graphical diagrams. The
amounts of R?, RMSE and KGE for ANN (MLP) were 0.906, 0.016, 0.927, for
GEP 0.790, 0.025, and 0.780, and for RF 0.898, 0.013, and 0.841 were obtained,
respectively. Due to the statistical criteria results and the range of RE% (+5%),
the ANN (MLP) was selected as the superior model. Violin plot illustrates a great
and close agreement between the probability distribution of estimated data with
ANN (MLP) and the obtained data from the numerical simulation using the finite
volume method. Furthermore, the probability density function plot of residuals in
ANN (MLP) model was closer to the normal distribution function, compared with
the other models in this study.

1. Introduction

Weirs are simple hydraulic structures that are used to control, regulate, and measure flow discharge in

irrigation canals.
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There have been numerous studies on the hydraulic performance of broad-crested weirs, including study
by Bos (1985), Hager and Schwalt (1994), Hager and Fritz (1998), Saker and Rhodes (2003) and etc.
Sargison and Percy (2009) conducted experiments on trapezoidal broad-crested weirs with different
upstream and downstream slopes. The results showed that the upstream face slope has the greatest effect
on increasing the flow discharge, and reducing the upstream slope leads to an increase in the discharge
coefficient (Cq). Using the experimental data of previous researchers, equations were developed for the
discharge coefficient (Cq) of broad-crested weirs with sloping crests and weirs with sloping faces
upstream, downstream, or both under free flow conditions. Azimi and Rajaratnam (2009) integrated
their previous studies with available laboratory data to extract equations for the Cq. The results showed
that for long broad-crested weirs, a positive slope for the crest increases the flow discharge compared
to a horizontal crest. However, for broad-crested weirs, the slope of the crest has no effect on the Cq. It
was also determined that for broad-crested and narrow-crested weirs, a negative slope for the crest
increases the Cy.

Based on previous studies, estimating and determining the discharge coefficients (Cq) of trapezoidal
broad-crested weirs has been limited and mostly carried out experimentally. Based on the literature
review, numerical investigation of these type of weirs have received less attention by researchers. On
the other hand, in recent years, intelligent models in estimating the Cq have been used by water industry
researchers. Therefore, in the current study, after extracting results from numerical simulation using the
ANSYS FLUENT software which solves the problems by the finite volume method (FVM), the
performance of various data-mining methods, such as artificial neural networks-multilayer perceptron
(ANN (MLP)), gene expression programming (GEP), and random forest (RF) models, were
investigated in estimating the discharge coefficients (Cq) for these types of the broad-crested weirs.

2. Materials and Methods

In the present study, a flume with a length, width, and height of 5, 1, and 0.5 meters, respectively, was
defined as the simulation domain in the software. The weir was considered in all simulated models at a
distance of about 2.5 meters from the inlet of the flume. The weir height is constant in all models and
equal to 20 centimetres (Nourani et al., 2021). To investigate the hydraulic characteristics of flow in
broad-crested weirs, 164 models with different combinations of upstream face slope (B1), downstream

face slope (B2), and crest slope (0) were simulated at a specific ratio of the hydraulic head to weir length
(h/Ly).

After numerical simulation and generation of data, the three intelligent models, namely ANN (MLP),
GEP, and RF were used to estimate the value of the discharge coefficients (Cq) by changing 5 parameters
of h/P, h/Lr, B, B2, and 6. For this purpose, simulated data generated by the numerical model, was used
in the present study. To achieve a program that can generalize the relations between the inputs and
outputs of the model, the program needs to be trained. For this purpose, input and output parameters
were divided into two groups. In this study the parameters of h/P, h/Lr, B1, B2, and 6 were used as inputs
and the parameter of Cq as output. Also, in all models, 75% of the total available data (123 numbers)
were used for the training phase and 25% (41 numbers) were used for the testing phase.

In this study, several statistical indices besides graphical plots have been used to evaluate the accuracy
of intelligent models in estimating the discharge coefficients (Cq). These indices include R?, RMSE,
RE%, and KGE (Kling et al. 2012) and are used to assess the accuracy of the intelligent models in
estimating the Ca.

3. Results

After defining the necessary parameters for each of the selected models, the estimated data from each
model was used to evaluate their performance during the testing phase. Based on the results of statistical
indices for each developed model, it was observed that the KGE value for all three intelligent models
is in the very good range (0.7<KGE<1.0), indicating that these models have a good quality in estimating
the discharge coefficient (Cq4). However, the ANN (MLP) model has a relatively higher accuracy
compared to GEP and RF models. Therefore, it can be said that selecting an optimal structure with a
proper activation function reduces errors and increases the accuracy of the estimation of model. The
ANN (MLP) provides much better results than other models in estimating the Cq and its results are
closer to the observed results (extracted from the numerical simulation in this study).
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5) Discussion and Conclusion

In this study, the performance of intelligent models including ANN, GEP, and RF in estimating the
discharge coefficients (Cq) in broad-crested weirs were investigated using parameters such as h/P, h/L.,
B1, and Bo. For this purpose, simulated data using the finite volume method with ANSYS FLUENT
software was used.

The results were evaluated using statistical metrics including R?, RMSE, and KGE, as well as
graphical diagrams. For the ANN (MLP) model, the values of R?, RMSE, and KGE were 0.906,
0.016, and 0.927, respectively. For the GEP model, these values were 0.790, 0.025, and 0.780,
respectively. And for the RF model, they were 0.898, 0.013, and 0.841, respectively.

The statistical metrics indicate the superiority of the ANN (MLP) model over the other models,
with a relative error (RE%) range of less than +5%.

The violin plot shows a very close similar between the probability distribution of the estimated
data using the ANN (MLP) model and the data obtained from the finite volume method (FVM).

Additionally, the probability distribution function of the residuals in the ANN (MLP) model is
more symmetric and closer to normal distribution than in the other models examined.
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Investigation and Comparison Performance Three Data Mining
Techniques ANN, GEP and RF in Estimating Flow Discharge Coefficients
of Trapezoidal Broad-Crested Weirs

Bahram Nourani!, Hadi Arvanaghi®*, Farzin Salmasi®

Abstract

Accurate determination of the discharge coefficient plays an important role in estimating the discharge
of the weirs. As a result, it is significant to estimate the discharge coefficient correctly. The purpose of
current study is simulation and estimation the discharge coefficients of the broad-crested weirs. Hence,
numerical simulation of hydraulic characteristics of these weirs were performed by ANSYS FLUENT
software and results were obtained. Then, three intelligent models of ANN (MLP), GEP and RF were
used to determine the discharge coefficients and the results of these models were compared. Assessment
of the results were carried out using the statistical indices as R?, RMSE, KGE, and graphical diagrams.
The amounts of R?, RMSE and KGE for ANN (MLP) 0.906, 0.016, 0.927, for GEP 0.790, 0.025, and
0.780, and for RF 0.898, 0.013, and 0.841 were obtained, respectively. Due to the statistical criteria
results and the range of RE% (+5%), the ANN (MLP) was selected as the superior model. Violin plot
illustrates a great and close agreement between the probability distribution of estimated data with ANN
(MLP) and the obtained data from the numerical simulation using the finite volume method.
Furthermore, the probability density function plot of residuals in ANN (MLP) model was closer to the
normal distribution function, compared with the other models in this study.

Keywords: Broad-crested weirs, Intelligence models, Discharge coefficient, Finite volume
method, ANSYS FLUENT.
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