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Obijective: The aim of this study is to simulate the fluctuations of the groundwater level
of the Arak plain using MODFLOW model and GMDH neural network.

Method: In this paper, MODFLOW transient model is calibrated for an eight-year
period (April 2006 to March 2014) with a monthly time step. Then, this model is
validated for a two-year period (April 2014 to March 2016). The values of R2, NSE, and
RMSE indices for the transient model are 0.9081, 0.7390, and 0.9226, respectively,
while the values of these indices for the validation stage are 0.6783, 0.8948, and 0.9721,
respectively. In the next step, the GMDH model is used to simulate the fluctuations of
the groundwater level. In this case, 80% of the data are used for training the GMDH
model and 20% of the remaining for testing the GMDH model. The values of R?, NSE
and RMSE indices are calculated as 0.9319, 0.9192 and 0.2285 for the network training
stage and 0.9817, 0.9865 and 0.2542 for the testing stage.

Results: According to the results of this study, even though both models have good
efficiency for simulating groundwater level fluctuations, groundwater level fluctuations
can be simulated more accurately using GMDH than MODFLOW model. But using the
MODFLOW maodel, hydrogeological analyzes can be done more easily.

Conclusions: The results of this study show that when the purpose of modeling is only
to simulate the groundwater level, the GMDH model is more suitable, but when the
main purpose of the simulation is to investigate the hydrogeological conditions, the
MODFLOW maodel is more suitable.
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Introduction

Groundwater is one of the main sources of fresh water supply in many parts of the world,
that's why it is very important to protect them. Studying of groundwater is one of the
important tasks of the integrated management of water resources, because in many cases,
these resources are quantitatively, qualitatively and economically better than surface
resources. On the other hand, due to the location of groundwater, it is more difficult to
monitor them compared to surface sources, and in case of pollution, it is more difficult to
improve them. For this reason, it is always tried to use accurate methods for monitoring
aquifers. The aim of this study is to simulate the fluctuations of the groundwater level of the
Arak plain using MODFLOW model and GMDH neural network.

The area studied in this research is the Arak Plain in the southeast of Central Province. This
area with an area of 5510 km? has an average height of 1670 meters above sea level. The
direction of the slope gradient in this area is towards the center of the plain. One of the unique
features of this area is the existence of Arak lagoon with an area of 120 km? in its central part.
This wetland has special ecological features, such as the fact that it hosts a large number of
migratory birds every year. The climate of Arak lagoon is hot and dry Mediterranean and its
annual precipitation is about 361 mm.
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Figure 1. The location of the study area (a- the range of the regulatory dam to Abshirin station b- the range of
Harmaleh station to Bamdej station)

Method

MODFLOW numerical model

MODFLOW is a multipurpose computer program that is used to simulate groundwater flow
in multilayered porous aquifers. This model simulates one-dimensional, two-dimensional, and
three-dimensional flows with the finite difference center-block method in confined (closed),
non-confined (open) aquifers, or a combination of the two. For ease of use in practice, the
MODFLOW computer program is set up as a "section by section”. This program includes a
main program and a number of sub-programs called modules (units). Modules are grouped
into packages. Each package is for a specific aspect of system simulation. For example, the
well package simulates the effect of wells, the river package models the effect of rivers. Some
of the packages are optional and the user can choose to use them or not.
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For this purpose, MODFLOW transient model is calibrated for an eight-year period
(April 2006 to March 2014) with a monthly time step. Then, this model is validated for a two-
year period (April 2014 to March 2016).

In the MODFLOW model, after gridding the model and specifying the boundary conditions
and initial conditions, an equation is written for each node based on the equation governing
the groundwater flow Then, a suitable method such as explicit or implicit methods should be
used to convert the partial differential equation into algebraic equations. Other methods such
as Gauss-Seidel method, Jacobi iteration method should be used to solve these equations so
that the water level simulated by MODFLOW model can be identified in the desired node. In
the following, it is possible to evaluate the accuracy of the model by comparing this value
with the observed value at that point and a suitable performance criterion such as RMSE.

GMDH deep neural network

The values of R%, NSE, and RMSE indices for the transient model are 0.9081, 0.7390, and
0.9226, respectively, while the values of these indices for the validation stage are 0.6783,
0.8948, and 0.9721, respectively. In the next step, the GMDH model is used to simulate the
fluctuations of the groundwater level. In this case, 80% of the data are used for training the
GMDH model and 20% of the remaining for testing the GMDH model. The values of R?,
NSE and RMSE indices are calculated as 0.9319, 0.9192 and 0.2285 for the network training
stage and 0.9817, 0.9865 and 0.2542 for the testing stage.

Results

The values of R*2, NSE, and RMSE indices for the transient model are 0.9081, 0.7390, and
0.9226, respectively, while the values of these indices for the validation stage are 0.6783,
0.8948, and 0.9721, respectively. In the next step, the GMDH model is used to simulate the
fluctuations of the groundwater level. In this case, 80% of the data are used for training the
GMDH model and 20% of the remaining for testing the GMDH model. The values of R"2,
NSE and RMSE indices are calculated as 0.9319, 0.9192 and 0.2285 for the network training
stage and 0.9817, 0.9865 and 0.2542 for the testing stage.

Conclusions

According to the results of this study, even though both models have good efficiency for
simulating groundwater level fluctuations, groundwater level fluctuations can be simulated
more accurately using GMDH than MODFLOW model. But using the MODFLOW model,
hydrogeological analyzes can be done more easily. Therefore, when the purpose of modeling
is only to simulate the groundwater level, the GMDH model is more suitable, but when the
main purpose of the simulation is to investigate the hydrogeological conditions, the
MODFLOW model is more suitable.
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Obijective: The objectives of this research were: Investigating the effect of the presence
of floating objects on scour around the bridge piers. 2- Laboratory investigation of the
effect of a gap below the bed surface in a square bridge pier on reducing scour depth in
the presence of floating objects. 3- Presenting an equation to consider the effect of a gap
below the bed surface on reducing scour depth in the presence of floating objects.

Method: In this study, the effect of creating a subsurface gap in a square pier with a
sharp tip on reducing the scour around the bridge pier, where a rectangular floating
object is trapped behind the pier, was experimentally investigated. The study was
conducted on 2 piers, one with a gap and one without, 3 floating objects (in positions
above the water surface, at the water level, and below the water surface), and 4 flow
rates (10, 20, 30, and 40) liters per second. A gap of (18+7 cm) was created in the pier,
with 7 centimeters of the gap length placed within the bed.

Results: For the base without a gap without the presence of an object, the depth of the
washout pit increased with the increase in flow rate, and after placing the object behind
the base, it was observed that the increase in the flow rate increases the depth of the
washout. The closer the object is to the water surface, the scour around the base
decreases and vice versa. The closer the object is to the surface of the bed, the deeper
the scour increases. The scour depth increased with the increase in flow rate, and in
examining the effect of the size of the floating object, the scour depth increased as the
size of the floating object increased. Increasing the flow rate enhances both the depth
and volume of the sinkhole. Accumulation of floating objects around the bridge base
increases the depth and volume of the sinkhole compared to the absence of floating
objects. Creating a gap is an efficient method to control erosion around the bridge
pier.The pier, with a gap of 7 cm below the surface of the bed up to 40.8% compared to
the control sample, controls erosion around the base.

Conclusions: The results from 80 experiments indicate a reduction in scour by up to
40.8 percent compared to the control sample; therefore, the use of the gap helps control
scour around the pier.
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Introduction

Bridges are known as important structures all over the world, and the importance of these
structures becomes more apparent during floods. Unfortunately, due to various reasons,
including the problems caused by the destructive effects of erosion around the bridge
foundations, incidents such as bridge failure occur. These incidents cause irreparable damage
and it is in this situation that the importance of knowing the important factors of the bridge
failure threat becomes more important. Erosion is the movement of bed sediments in the
direction of water flowing from one place to another. Washing in the river bed is either due to
natural factors such as collisions with foliage and tree trunks, etc., which are in the path of the
flow, or due to human factors such as the creation of structures. It is like a bridge in the path
of a stream. Used to control the local erosion around the bridge foundations, the direct method
is to strengthen the bed through protection stones, etc., and the indirect method is to change
the pattern. The current formed around the base of the bridge is like creating a collar and gap,
etc.

Method

In this research, by creating a gap in the base of the square bridge with a sharp nose and by
placing a floating object behind the base, the depth of local water-wash around the base has
been investigated. The experiments were carried out in the hydraulic laboratory of Shahrekord
university, in a laboratory flume with a length of 20 meters, width and height of 60 cm and in
clear water conditions. The bed materials were used from uniform sediments passed through
sieve No. 16 and remaining on sieve 25. By drawing the grading curve, the average diameter
of the bed sediments was 0.85 mm. The length of the test bed was 4 meters and the width of
the bed was the same as the width of the flume (60 cm), and the bed height was 16 cm. A
square base with a sharp nose without a gap was used for the witness and a square base with a
sharp nose with a gap, with dimensions of 25 cm in length (18 cm above the bed surface + 7
cm below the bed surface) and 2.55 cm in width were used. Floating objects were designed in
3 different sizes (10x15x20 cm) for object M1, 25x10x10 cm for object M2, and 10x20x30
cm (10x20x30 cm) for object M3. The height of all 3 objects is 10 cm, but the width of the
objects from small to large was 20, 25 and 30 cm, which are proportionally larger than each
other, but the most important factor is the length of the floating object, which in this
examination was selected from small to large object, 15, 12 and 20 cm respectively, and the
length of object M2 is smaller than M1. The floating objects were placed behind the
foundations in 3 positions: the object is above the water level, the object is at the same level
as the water, and the object is below the water level. For each foundation, the washing was
first checked without the presence of the floating object and then with the presence of the
floating object. Experiments were performed for 4 flow rates (10, 20, 30 and 40 L/s) and the
height of water on the bed surface was 20 cm and considered constant. For each footing, the
effect of flow rate, the effect of the size of the floating object, and the effect of the position of
the object behind the bridge footing were investigated.

Results

By examining the results of 80 tests, for the base without a gap without the presence of an
object, the depth of the washout pit increased with the increase in flow rate, and after placing
the object behind the base, it was observed that the increase in the flow rate increases the
depth of the washout. In the investigation of the size of the floating object behind the base, as
the length and width of the floating object increased, the scour pit became wider, and in the
investigation of the effect of the position of the floating object, it was observed that the closer
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the object is to the water surface, the scour around the base decreases and vice versa.

The closer the object is to the surface of the bed, the deeper the scour increases. For the
cracked base, a gap was observed 7 cm below the surface of the bed without a floating object.
The scour around this base was not observed without the presence of a floating object for the
flow rate of 10, 20 and 30 liters per second, but for the flow rate of 40 liters per second. The
scour depth was reported to be 1.3 cm, which reduced the scour around the base by 72.3
percent compared to the control base without a gap, which was 4.7 cm. After placing the
floating object behind the base, by examining the effect of flow rate, it was observed that the
scour depth increased with the increase in flow rate, and in examining the effect of the size of
the floating object, the scour depth increased as the size of the floating object increased. And
in the investigation of the position of the floating object at the flow rate of 10 and 20 liters per
second, no scour was observed around the base of the bridge in any of the investigation
modes. At a flow rate of 30 liters per second with object M1 present, scouring around the base
of the bridge has intensified as the object descends relative to the water level. However, for
objects M2 and M3, when positioned at the same water level, the scouring depth is greater
than when the object is submerged. At a flow rate of 40 liters per second, for all three floating
objects, scouring is more pronounced when the object is at the water level compared to when
it is below the surface. Increasing the flow rate enhances both the depth and volume of the
sinkhole. Accumulation of floating objects around the bridge base increases the depth and
volume of the sinkhole compared to the absence of floating objects.

Conclusions
Increasing the length of the floating object reduces the scour around the bridge base. Placing

floating objects above the water surface causes less washing than placing them below the
surface. In the base without the presence of the floating object, the maximum scour depth was
formed next to the square rib of the base, and after the presence of the object behind the base,
the maximum scour depth was formed near the tip of the nose. Creating a gap in the base of
the bridge at low flow rates, 10 and 20 liters per second, controlled the erosion around the
base. Creating a gap is an efficient method to control erosion around the bridge pier. The pier,
with a gap of 7 cm below the surface of the bed up to 40.8% compared to the control sample,
controls erosion around the base.
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Objective: The purpose of this research was to separate the suitable areas from the
unsuitable for cultivating olive, pomegranate, and citrus orchards and zoning the
suitable areas for proper planning of water resources in the region.

Method: In this study, using information and digital maps and with the specialized
analysis of each layer of information, a part of the study area that lacks defined facilities
and potential has been removed from the study area and priority has been found in the
prone areas. In this section, the natural environment of Kermanshah province, i.e.
climatic factors, soil, and topography was studied and analyzed. Also, among the
climatic parameters of annual rainfall, average annual temperature, average minimum
temperature of the coldest month of the year, and average maximum temperature of the
hottest month of the year were studied. According to the required climatic elements and
using the GIS software and the method (IDW), the required maps were drawn, and then,
using the Overlay method, the map of the susceptible areas was drawn.

Results: According to the obtained results, Kermanshah province can be divided into
five areas for the cultivation of olive and pomegranate orchards: very suitable, suitable,
relatively suitable, slightly suitable and unsuitable, and three suitable, unsuitable and
uncultivable areas for citrus cultivation. According to the regionalization, the most
suitable area for olive cultivation was about 9000 hectares (90 square kilometers) in the
cities of Paveh, Javanrood, and Salas, Babajani, and also about 322,400 hectares (3224
square kilometers) of suitable areas for pomegranate cultivation in the cities of Paveh,
Javanrood, Salas, Islamabad and Gilan-e-Gharb in the west part of the province. Also,
about 163,800 hectares (1638 square kilometers) of land in the districts of Gilan Gharb,
Qhaser Shirin, and Somar were identified as suitable for citrus cultivation.

Conclusions: The obtained results indicated the talent of the Kermanshah province in
producing horticultural products. Therefore, according to the suitable climatic
conditions throughout the province and with proper planning of cultivation and water
resources in zoned areas, Kermanshah province can be self-sufficient in each of those
products and export to neighboring cities and provinces and even the country of Iraqg.
Undoubtedly, the increase in those above-mentioned production and export to other
parts of the country as well as the neighboring country of Iraq can provide a huge tool in
creating jobs and increasing the income of the villagers in Kermanshah province.
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Introduction

Climatic potentials and limitations in ecological units and the need to consider these
conditions in regionalization of agriculture with regard to the discussion of sustainable
development and food security will force us to study and do research on the ability of
continuous production of agricultural products in ecological units from various aspects before
any developed investment. Determining the appropriate climatic potential for a specific the
product is also an introduction and prerequisite for land use planning regionalization of
agricultural products and cultivation pattern studies. One of the practical methods to improve
agricultural production is to match the product with the prevailing climate in the region in
order to make optimal use of it. This is possible through understanding the prevailing
agricultural climate in the region. The diversity of the country's climate has provided unique
opportunities for the production of various products in all seasons of the year. Establishing
relative stability for the supply of agricultural products to the market requires accurate
knowledge of the weather conditions of various regions and micro climates in the corners of
the country. Knowing the right time to plant, grow and harvest horticultural products in
different regions and knowing the climatic indicators, makes it possible for planners to think
about the correct allocation of resources to different products.

Method

In this research, the method of removing inappropriate ranges and selecting appropriate
ranges with compatibility criteria and indicators were used. In addition, by using information
and digital maps and with the specialized analysis of each layer of information, a part of the
study area that lacks the defined facilities and potential was removed from the study area and
priority has been found in the prone areas. Also, the natural environment of Kermanshah
province, i.e. climatic factors, soil and topography, has been studied and analyzed. Among the
climatic factors considered in this research, were the factors of annual rainfall, average annual
temperature, average minimum temperature of the coldest month of the year and the average
maximum temperature of the hottest month of the year. In this research, by using GIS
software, according to the required climatic elements, the required maps were drawn with the
Inverse Distance Weighted (IDW) method, and then, by using the Overlay method, a map of
the areas prone to planting drawn.

Results

According to the regionalization, the most suitable area for olive cultivation in Kermanshah
province were about 9000 hectares in the cities of Paveh, Javanrood and Salas Babajani, and
also about 322,400 hectares of suitable areas for pomegranate cultivation in the cities of
Paveh, Javanrood, Salas, Islamabad and Gilan-e-Gharb in the west part of province.
Moreover, about 163,800 hectares of lands in the districts of Gilan Gharb, Qhaser Shirin and
Somar were identified suitable for citrus cultivation. Therefore, proper planning of cultivation
and water resources in those areas seems necessary.

Conclusions
As it can be seen from the results of this research, Kermanshah province has a high potential

in terms of the cultivation of gardens as well as the cultivation of crops. In this research, the
potential of Kermanshah province for three cultivations of olive, pomegranate and citrus was
evaluated carefully. The obtained results indicated the talent of the Kermanshah province in
producing horticultural products. Therefore, according to the suitable climatic conditions
throughout the province and with proper planning of cultivation and water resources in zoned
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areas, Kermanshah province can be self-sufficient in each of those products and export

to neighboring cities and provinces and even the country of Irag. Undoubtedly, the increase in
those above-mentioned production and export to other parts of the country as well as the
neighboring country of Irag can provide a huge tool in creating jobs and increasing the
income of the villagers in Kermanshah province.
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Objective: This study introduces a novel approach to determine the optimal midpoint
location in the two-point method for estimating infiltration parameters of the
Kostiakov-Lewis equation. Unlike the traditional fixed midpoint, which sometimes
leads to errors, the proposed method dynamically adjusts the midpoint based on the
average advance distance during the advance phase.

Method: To evaluate the performance of the proposed method, data from two border-
irrigated fields in the Zarineh Rud irrigation and drainage network were used.

Results: The results of this study showed that the value of the root sum square error
index for the advance equation of the proposed method was 17.3 minutes, while for the
fixed midpoint method, it was 19.7 minutes. Also, the absolute relative error of the
infiltration equations obtained from the two methods in calculating the average depth of
infiltrated water in the field was 1.3% and 3.4%, respectively.

Conclusions: Selecting the midpoint in the two-point method based on the average
location of the advance distance, in addition to overcoming the challenges of the fixed
midpoint, has higher accuracy in estimating the advance time and also in estimating the
infiltration parameters, providing a more reliable basis for irrigation management
decisions.
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Introduction

Surface irrigation remains the predominant irrigation method in global agriculture.
However, its efficiency is often lower than expected due to suboptimal design and
management practices. One of the critical factors for accurate design and management of
surface irrigation systems is a precise description of soil infiltration characteristics. The
Kostiakov-Lewis infiltration equation is widely used due to its simplicity and robust
performance under various field conditions. Accurate determination of its coefficients is
essential for optimizing the performance of surface irrigation systems. This study introduces a
novel approach to determine the optimal midpoint location in the two-point method for
estimating infiltration parameters of the aforementioned equation. Unlike the traditional fixed
midpoint, which sometimes leads to errors, the proposed method dynamically adjusts the
midpoint based on the average advance distance during the advance phase.

Method

This study utilized field data from two irrigation sites within the Zarinerood irrigation and
drainage network in Northwest Iran. The data were collected from border irrigation farms at
these sites. The proposed method was compared with the traditional two-point method to
assess its effectiveness. The methodology involved dynamically adjusting the midpoint during
the water advance phase and using this information to calculate infiltration parameters. The
accuracy of the proposed method was then evaluated by comparing its results with those of
the traditional fixed midpoint approach.

Results

The results of this study showed that the value of the root sum square error index for the
advance equation of the proposed method was 17.3 minutes, while for the fixed midpoint
method, it was 19.7 minutes. Also, the absolute relative error of the infiltration equations
obtained from the two methods in calculating the average depth of infiltrated water in the field
was 1.3% and 3.4%, respectively. Therefore, selecting the midpoint in the two-point method
based on the average location of the advance distance, in addition to overcoming the
challenges of the fixed midpoint, has higher accuracy in estimating the advance time and also
in estimating the infiltration parameters, providing a more reliable basis for irrigation
management decisions.

Conclusions

This study introduces a novel approach to determining the optimal midpoint in the two-
point method for estimating Kostiakov-Lewis infiltration equation parameters. The
conventional fixed midpoint method, commonly employed in surface irrigation studies and
design, can lead to inaccuracies and even failure in fields with significant spatial variability in
infiltration. By introducing a dynamic midpoint based on the average advance distance, the
proposed method provides a more accurate representation of field infiltration processes.
Analysis of irrigation data from two furrow-irrigated fields demonstrated that, based on the
root sum square error (RSSE) index, the advance curves computed using the proposed method
consistently exhibited better agreement with field data. Consequently, the proposed dynamic
midpoint method offers a significant improvement in the accuracy and reliability of
infiltration parameter estimation for surface irrigation, facilitating enhanced irrigation
management and water use efficiency.
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rticle Info ABSTRACT
Article type: Objective: The aim of this study is to create a neural network model based on
Research Article collective data encounter (GMDH) and improve it using Harmony Search Optimization
(HSA) algorithm for simulating monthly river flow (HSA-GMDH).
Avrticle history: Method: For this purpose, the rainfall and flow data of Gamasiab river of Kermanshah
Received 05 October 2024 were used during a 20-year period (1370-1390). To develop the GMDH model, 80% of
Received in revised form 10 the data were used to train the model and other data were used to evaluate it. Also, the
January 2025 best input variables to the model were determined by trial and error method, based on

Accepted 01 February 2025 this method, 3 datasets were formed (I_Dl, D2, D3), then the performance of GMDH and
. . HSA-GMDH models was evaluated with each of these datasets.
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Introduction

One of the most important issues in the water resources management process is river flow
modeling, because based on it, decisions can be made about important issues such as floods
and droughts. One of the newest and best methods for modeling a variety of parameters in
water resource management such as river flow are machine learning models. The aim of this
study is to create a neural network model based on collective data encounter (GMDH) and
improve it using Harmony Search Optimization (HSA) algorithm for simulating monthly river
flow (HSA-GMDH).

Method
Area of study

The Gamasyab watershed is located in the west of the country and in the northern and
central regions of the Zagros mountain range in the geographical range of 13 degrees 1
minutes to 13 degrees 3 minutes east longitude and 99 degrees 13 minutes to 91 degrees 13
minutes north latitude with an area of one million seventy three thousand hectares
(Bazarafshan et al. 2013). This basin is limited from the north to the basin of Sirvan, Sefirod
and Qara Chai Rivers, from the west to a part of the Karkheh watershed, and from the south to
a part of the Dez river basin and a part of the Karkheh watershed. It is also limited to the Dez
river basin from the evil side. The minimum height of this basin is 5539 meters above sea
level and the maximum is 9699 meters. The rivers of the basin include the main tributary
named Gamasyab, which originates from the northern and eastern parts of the basin through
many sub-tributaries and joins the other tributaries of the Karkhe Dam basin at the end of the
Kangavar Plain (Deh Kohneh et al., 2018).

GMDH neural network

GMDH is a method first developed by Ivakhenko as a multivariate analysis method for
identifying and modeling complex systems. This model can be used without initial
information to simulate complex systems. In fact, GMDH is a method to identify nonlinear
systems with many input variables, which can be developed as a multilayer neural network.
The parameters of this network are trained based on the least squares estimation approach.

Harmony Search Optimization Algorithm (HSA)

HSA is a kind of meta-innovative algorithm that was introduced in 2007 by Mahdavi et al.,
inspired by the behavior of musicians when playing a piece of music. Harmony means
harmony, sound, and harmonious combination of sounds that are heard simultaneously and at
the same time. Musicians use different musical instruments to produce a new music, and the
beauty of music is the harmony between the notes of different instruments (Yang, 2009). In
making music, the goal is to find the best harmony and produce the most beautiful music
possible. Musicians try to choose better notes every performance so that the music evolves
and becomes more beautiful every time (Mahdavi et al., 2007). Musicians remember the
pieces played to compare the new piece with the previous pieces each time. From the
simulation of the process that a musician goes through to harmonize a piece of music, an
algorithm was extracted which we know as harmony search. This algorithm is inspired by
music to reach the best answer. In the harmony algorithm, each data is a note and each answer
vector is a harmony.The maximum number of layers and the maximum number of neurons in
each layer of GMDH model are determined by trial and error method. Also, different
parameters of HSA algorithm were determined by trial and error method. For this purpose, the
rainfall and flow data of Gamasiab river of Kermanshah were used during a 20-year period
(1370-1390). To develop the GMDH model, 80% of the data were used to train the model and
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other data were used to evaluate it. Also, the best input variables to the model were
determined by trial and error method, based on this method, 3 datasets were formed (D1, D2,
D3), then the performance of GMDH and HSA-GMDH models was evaluated with each of
these datasets.

Results

After developing the HSA-GMDH model, its results were compared with the GMDH model
whose parameters were determined using the trial and error method. Based on the results, the
HSA-GMDH(D1) model performs better in the training and testing phase than the
GMDH(D1) model, so that the HSA-GMDH(D1) model has a lower RMSE value than the
GMDH(D1) model, as well as the NSE and R? values. The HSA-GMDH(D2) model also
performs better than the GMDH(D2) model and has a lower RMSE, NSE and R? value than
the GMDH(D2) model. Like the developed models of D1 and D2 data, the HSA-GMDH(D3)
model also performs better than the GMDH(D3) model, so that its RMSE value is lower than
the GMDH(D3) model, and the NSE value and Its R? is higher than GMDH(D3) model.
Therefore, based on the results of this study, it is better to use an optimization algorithm such
as HSA instead of the trial and error method to simulate the monthly flow of the river using
the GMDH model.

Conclusions

Finally, the performance of GMDH and HSA-GMDH models were compared. Based on the
results of this study, the HSA-GMDH model performs much better than the GMDH model, so
it can be used as a powerful tool for simulating monthly river flow.
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simulation was conducted three-dimensionally using the Flow-3D software. The
hydraulic jump characteristics were examined by analyzing the velocity at the bed and
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reference tailwater depth.

cross Beam,

flow-3D Model, Results: The results of the numerical simulations, validated by experimental data,

demonstrated that using a floor roughness system with cross-beams in various numbers
and angles—after optimizing the configuration using velocity coefficient relationships—
stabilized and eliminated asymmetric waves and reverse flow in the S-type hydraulic jump
across all tested tailwater depths. The cross-beam roughness system also resulted in the
highest relative energy loss for configurations 1, 2, and 3, calculated at 36.06%, 74.67%,
and 78.6%, respectively, across different sections and tailwater depths. In analyzing the
water surface profile for the three cross-beam configurations, configuration 1 (C1)
exhibited a more uniform distribution of flow depth in the channel's cross-section,
particularly in the sections 0.3 to 2 meters from the end of the structural system. For the
total hydraulic head (THH) and the energy dissipation endpoint (or hydraulic jump,
j*I'j*T’) in configuration C1, this point was identified after the third beam (N=5). The flow
extended with concentrated lines after passing over and under the beams.

asymmetric wave.

Conclusions: Based on the total hydraulic head index and energy dissipation control,
configuration C1 demonstrated superior capability in controlling energy dissipation
within the structural system before the flow exited the cross-beam roughness system.
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Introduction

Stilling basins are hydraulic structures designed to dissipate the kinetic energy of flow at the
downstream end of spillways, gates, rapids, and other flow control structures. diverging basins
are commonly used downstream of these structures To enhance energy dissipation in hydraulic
jumps. Various methods have been employed to stabilize asymmetric hydraulic jumps. The
performance of rough elements, such as sills, bed roughness, blocks, etc., has been investigated
for increasing energy dissipation with various objectives, including reducing the stilling basin's
length and project costs.

Energy Dissipation in Hydraulic Structures: Water is often released through spillways at high
velocities during flood events, carrying significant Kinetic energy. If this energy is not
adequately controlled, it can cause erosion, structural damage, and other safety concerns
downstream. Hydraulic structures, such as stilling basins, are designed to dissipate this energy
safely. The efficiency of these structures depends on various factors, including the geometry of
the spillway, the flow rate, and the tailwater conditions. Role of Hydraulic Jumps: A hydraulic
jump is a phenomenon where high-velocity, supercritical flow transitions to low-velocity,
subcritical flow. This transition results in significant energy dissipation through turbulence and
mixing.

However, the length of the hydraulic jump is a critical design parameter. Longer jumps
require larger stilling basins, which increase construction costs and space requirements.
Challenges with Flatbed Hydraulic Jumps: On a flatbed, hydraulic jumps are longer, making
them less economical for stilling basins downstream of spillways, especially ogee spillways
commonly used in dams. To address this, engineers often incorporate appurtenances such as
baffle blocks, sills, or roughened beds to shorten the jump length and enhance energy
dissipation. Importance of Research and Optimization: Studies by researchers such as Sajadi et
al. (2024), Fathi Moghadam et al. (2024), and Ahadian et al. (2022, 2024) have contributed to
a better understanding of the physical mechanisms governing hydraulic jumps and energy
dissipation. Their work highlights the importance of optimizing stilling basin designs to balance
performance and cost, particularly in large-scale projects like dam spillways.

Method

This research aims to numerically investigate the S-type asymmetric jump control by using
the system of crossed beams as a type of roughness with specific distributions in the form of
the number, height, and different distances of the beams (as variables) in the stilling basin of
sudden expansion using Flow-3D software. The geometry of the laboratory model was drawn
in the AutoCAD software and then transferred as Stl to the Flow-3D software environment to
carry out numerical simulation. According to the dimensions of the channel and the velocity of
the flow, as well as the examination of the experimental data of the previous simulations and
the numerical studies of other researchers concerning the subject of this research, the duration
of the simulation of the flow was conservatively considered to be 180 seconds. Then, it was
observed that the flow became stable in about 30 to 40 seconds after the start of the simulation,
and the analyzed parameters of the flow did not change significantly with time. Therefore, the
duration of the simulations was reduced to 60 seconds, and the results were recorded and
checked at this time. With trial and error, the optimal meshing was chosen so that the analysis
duration is also acceptable in addition to sufficient accuracy. The conditions of the three
simulations, including the analysis time, initial and boundary conditions, and the turbulence
model, were considered the same, and the difference was only in the number of mesh cells. In
the simulations of this research, the RNG turbulence model was used. Finally, to determine the
accuracy of each of the simulations and choose the optimal meshing, the indices of the



NUMERICAL STUDY OF ENERGY LOSS AND ...|Sajadi et al 3
adaptation coefficient, the average errors, and the square of the average square of the
errors were analyzed.

Results

Analyzing the results of numerical modeling according to what was stated for the use of the
RNG disturbance model, the water level profile was analyzed by examining the flow depth in
the transverse and longitudinal sections of the flow in optimal configurations. Transverse
sections were considered based on the laboratory measurements (Hajialigol et al. 2021) for the
width of 1 meter of the channel and at intervals of 0.1 meter, which were done for all three
optimal combinations of tests and percentages of the depth of the channel. Using cross beams,
the longitudinal profile of the flow depth from the section after the sudden expansion to the
section 2 meters after the beam structure (following the laboratory observations) was drawn
using the results of modeling with Flow3D software. The placement position of the cross-beam
system for C1 and C3 configuration with P = 80 cm, between X/Y1 = 8.34 ~ 4.67, and for C2
configuration with P = 60 cm in X/Y1 = 1.26 It is ~ 58/7. Configuration 1 (C1) shows a low
depth change and more flow uniformity than C2 and C3. This decrease in depth is due to the
movement of eddies in the space between the beams with a greater amount and more energy
changes, and as a result, higher wear and tear and exit with a more even flow. Based on the
velocity outputs in configuration one and the depth of the tailwater from hs 0.7 to hs (height of
tailwater) with the use of cross beams with the number of n=5, it can be seen that in the
conditions of hs (actual depth of tailwater) the flow lines after the effect of roughness (beams)
closer to each other and according to the flow conditions after the structures, by forming eddies
with a smaller wavelength between the spillway legs and finally the third beam, the turbulence
is controlled. To quantitatively check the length of the jump, the jump length and roll length
results for the S-type asymmetric jump modeled in Froude numbers of 7.4, 8.7 and 9.5 were
analyzed based on the tailwater depth (yt). Increasing the Froude number increases the change
process of both dimensionless parameters under investigation. The modeling results are
consistent with the research results of Taghinia et al. (2021). So, with the flow increase through
the spillway, the Froude number decreases, and the length of the jump and the roll increase.

Conclusions
The effective parameters in hydraulic jump control were investigated by using different

structural configurations consisting of cross beams with different percentages of tailwater
depth. The results of the numerical simulations, confirming the laboratory results, showed the
use of the bed roughness system using cross beams in different numbers and angles and after
obtaining the optimal configurations using the relationships of the velocity coefficients in all
depths of the case. The test ensures the stability and removal of asymmetric waves and reverses
flow in the S-type asymmetric jump. In the check of jump control, the maximum percentage
reduction in the length of S-type asymmetric hydraulic jump by using the simulated system was
observed by 78.02% for configuration three and stable condition 0.9hs. The highest relative
energy loss in the tested sections and depths of the tailwater for 3configuration was calculated
as 36.06, 74.67, and 78.6 percent, respectively. Compared to the reference conditions, without



Advanced Technologies in Water Efficiency, Volume 5, Issue 1, 2025 4

using the beam structure as a roughness, it causes more energy loss and, as a result, reduces the
length of the stilling basin.
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Configuration 1: P=0.8 m, N=5, 6=11°, hy=0.05m.

Configuration 2: P=0.6 m, N=3, 6=11°, hb=0.07m.

Configuration 3: P=0.8 m, N=3, 6=15°, hb=0.05m.
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total hydraulic head Selected (m)
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total hydraulic head Selected (m)
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total hydraulic head Selected (m)
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total hydraulic head Selected (m)
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