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Abstract

Introduction: Density current is one of the most important factors
in the sedimentation process of dams. Increased sediment will
reduce dam storage capacity and makes significant challenges for
relevant engineers. Therefore, understanding the dynamics of
density fluids and related sediment patterns is very efficient for dam
reservoir management.

Methods: The purpose of this study was to create an intelligent
model with appropriate adaptation to laboratory data so that, it can
be used in future designs with different variables. Therefore, in this
study, the percentage of reduction of density salt current head under
the influence of trapezoidal permeable obstacles (aggregates with a
diameter of 1 cm), taking into account variables such as discharge,
slope, concentration and height of obstacles in laboratory.

Findings: Based on the results, the density salt current head was
modeled using the artificial neural network feed-forward method
and the classical multivariate regression method, and the
performance of these two methods was compared. The results
showed that the intelligent feed neural network intelligent method
in modeling the percentage reduction of density salt current head is
significantly superior to the multivariate regression method so that
the training, calibration and test regression values are 0.99, 0.98 and
0.98 were obtained for neural network and 0.92, 0.91 and 0.91 for
multivariate regression, respectively.

Conclusion: The performance of the artificial neural network is
much better than the multivariate regression method.
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Intelligent modeling of salty density current in the presence of permeable obstacles

Extended Abstract

Introduction

The number of dams built for flood control,
water supply, and electricity generation has
increased in the past decades. Sedimentation
behind the walls of dams is the biggest
problem that causes the reduction of water
storage space in the reservoirs, which will
reduce the lifespan of the dam compared to
the expected time. Considering the huge cost
of building a dam, engineers are always
looking for solutions to solve this problem.
Through the investigations, the researchers
realized that density currents are often the
cause of sediment transfer in reservoirs, and
since the main driving forces of these
currents are gravity and the density
difference between the sediment flow and
the surrounding liquid, the currents are
classified as dense currents. Many
researchers studied the characteristics of
density currents using laboratory, numerical
and field studies. Some studies were on the
influence of effective parameters on density
currents such as bottom roughness and
slope. Garcia (18) studied the behavior of
density currents in the vicinity of variable
slope in the form of sedimentary and saline
currents, in this research, velocity,
concentration and profile of velocity and
concentration were measured. Peters and
Wenart (25) used a fluorescence laser device
to better understand the behavior of density
currents, and the results showed that the
roughness of the substrate decreases the
velocity and average concentration of the
current head. Bass et al. (5) conducted some
experiments to study the characteristics of
flow and deposition in density currents with
high concentration. Nogira et al. (23)
investigated the effect of bed roughness and
inlet concentration on concentrated saline
flow in a laboratory.

Data were used to model turbidity current
using feed forward artificial neural network
and classical multivariate regression
method, and intelligent genetic through the

comparison, it was found that the modeling

method with feed-forward artificial neural
network for training and test data had a
much  better performance than the
multivariate regression method, so that the
RMSE criterion related to the neural
network is much lower than the value. This
criterion is for the multivariate regression
method, and the regression values of
training, calibration, and test were 0.99,
0.98, and 0.98, respectively for the neural
network and 0.92, 0.91, and 0.91for the
multivariate regression.

Materials and Methods

All the experiments of this study were done
in the hydraulic laboratory of Shahid
Chamran University of Ahvaz. A rectangular
flume with a length of 7.8 meters, a width of
0.35 meters and a depth of 0.7 meters was
used to perform the experiments, which was
able to change the slope up to four percent.
At the entrance of the channel, a vertical
Plexiglas plate with 10 cm opening
capability, which remains fixed until the end
of the experiment, was used as an inlet valve,
the upstream and downstream parts of the
valve were filled with density currents and
clear water, respectively. A cylindrical tank
with a capacity of 3 cubic meters equipped
with a mixer was used to prepare density
fluid. The density fluid was pumped from the
cylindrical tank to the head tank which was
fixed at a height of 3 meters from the ground
and was transferred to the back of the valve
with a fluid pipe. An electromagnetic flow
meter with an accuracy of one thousand
liters per second was used to determine the
concentrated flow. The trapezoidal obstacles
were made using a metal net with a wall
slope of 1:1 and filled with sand grains with
a diameter of 1 cm, in such a way that the
obstacle completely filled the width of the
channel. The length of the obstacle was 25
cm with a variable height, algorithm method
was used to determine the desired
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parameters in multivariate regression
method. Through the comparison, it was
found that the modeling method with feed-
forward artificial neural network for
training and test data had a much better
performance  than the  multivariate
regression method, so that the RMSE
criterion related to the neural network is
much lower than the value. This criterion is
for the multivariate regression method, and
the regression values of training,
calibration, and test were 0.99, 0.98, and
0.98, respectively for the neural network
and 0.92, 0.91, and 0.91 for the multivariate
regression.

Ethical Considerations compliance
with ethical guidelines

The cooperation of the participants in the
present study was voluntary and
accompanied by their consent.

Funding
No funding.

Authors' contributions

Design and conceptualization: Mehdi
Derakhshannia, Mehdi Ghomeshi, Seyed
Saeid Eslamian, Seyed Mahmood
Kashefipour.

Methodology and data analysis: Mehdi
Derakhshannia, Mehdi Ghomeshi, Seyed
Saeid Eslamian, Seyed Mahmood
Kashefipour.

Supervision and final writing: Mehdi
Derakhshannia, Mehdi Ghomeshi.

Conflicts of interest
The authors declared no conflict of interest.

Findings

In this section, data modeling has been done
using feedforward neural network, the
inputs of this network include the height of
the barrier, floor slope, concentration, and
the input flow rate, and the output of the
network is the percentage of the reduction in
flow rate. The structure of the neural
network used in this section is (1-n-4), the
first number from the left indicates the
number of network inputs, the second which
was installed at a distance of 2 meters from
the valve.

Discussion

As shown, the results of data modeling with
polynomial regression show relatively poor
performance compared to other researches,
and other intelligent methods have
performed better in modeling, however, the
performance of the feedforward neural
network with a prediction error of 0.0028 is
very favorable. It has been in such a way
that it shows good performance compared
to other very powerful intelligent modeling
methods.

Conclusion

In this research, the effect of permeable
obstacles on the percentage of density
current head was modeled using MATLAB
software. For this purpose, feedforward
artificial neural network method and
classical multivariate regression method
were used. The performance process was
such that the density current was created by
considering different variables of flow rate,
concentration and slope, and by placing a
trapezoidal permeable obstacle at a distance
of 2 meters from the obstacle, the flux
values before and after the obstacle were
determined. And then, the percentage of
head reduction was also obtained.
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