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ABSTRACT

Introduction

Iran, with rainfall of less than one third of the world average, is considered one of the arid regions, and this is despite the fact that on the one hand, a
significant part of the water leaves the country. On the other hand, due to improper exploitation of sources and lack of integration in the studies of different
plans at the level of catchment basins. The goals of many dam construction projects such as water regulation and containment in order to meet the need
and produce electric energy in contrast to other plans such as water transfer between basins or the expansion of agricultural areas The subject of the present
research is to investigate the effects of the development of the Great Karun watershed, whether in the form of inter-basin water transfer plans or in the
form of intra-basin development, on the amount of electrical energy produced by the dams of this basin.

Materials and methods

The area studied in this research is the Great Karun watershed, which consists of Karun and Dez rivers that are two important and large rivers in Iran.
These two rivers currently have 6 dams with the ability to produce electric energy, of which 5 dams, Karun 4, Karun 3, Karun 1, Godarlander and upper
Gotund are located on the Karun River and Dez reservoir dam is located on the Dez river.

Results and discussions

After 2008, the amount of withdrawal from underground water resources has increased and currently it is more than the amount considered in this research,
so definitely the amount of the effect of excessive withdrawal from underground water resources on the production of electric energy is more than the
value shown has been done in this research. And if this upward trend of extraction from underground water resources continues, the reduction of produced
electrical energy due to excessive extraction from underground water resources will be significant in the future time horizons. Excessive extraction of the
underground water resources of the Sezar basin, contrary to the fact that it is expected to be effective only in the amount of electric energy production of
the Dez dam power plant, the power plants of other reservoirs, especially the Karun 3 power plant, are also effective on the Karun river.

The development of the Great Karun catchment basin has had the greatest impact on the primary energy production of Dez and Karun 4 and Karun 3
reservoir dams, which is primarily due to the transfer plans between water basins and secondly due to the relationship with the Karun 4 and Dez dams,
there is no other reservoir dam immediately upstream of these two dams, because the presence of one dam immediately upstream of the other dam causes
the water flow to enter the dam in a regulated manner, which It causes a significant increase in electricity production.

Conclusion

The results of this research show that according to the energy requirement defined for the power plants of Great Karun basin, there is currently a significant
lack of primary energy, which is the lack of ability of the basin for further development, both internally and externally. The existence of the annual deficit
percentage of the required primary energy is equal to 29% for the current basin power plant complex and with the current water transfer needs and plans,
and the increase of this deficit percentage to 36% for the horizon of 2040 and the uses within the basin and the plan. The inter-basin water transfer
considered in this research, for this time horizon, considering the importance of electric energy as one of the most important and best sources of electricity
production in the country and the impossibility of predicting the future climate and Its effect on the drainage of the basin is very important and somewhat
worrying.
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ABSTRACT

Introduction

There are currently a variety of methods for extracting energy and generating electricity from wave energy, one of the simplest and most practical
methods is to use a water oscillating column. The oscillating water column (OWC) consists of a chamber in which the rising and falling of the
wave inside the chamber produces positive and negative dynamic pressure, which in turn can cause the turbine to rotate at the end of the duct.
Our study on OWC has a chamber with a front wall that is oriented against the direction of flow.

Methodology

In this research, a two-dimensional numerical study on the geometric optimization of an ocean wave energy converter (WEC) to electrical energy
is presented, the main factor of which is OWC. To do this, the geometric parameter of the OWC chamber length was optimized, while the other
parameters (height-to-length ratio) were kept constant. In this study, a regular wave with dimensions on a laboratory scale was considered. The
main purpose was to optimize the geometry of the device with the aim of maximizing the absorbed power in conditions that are exposed to the
defined wave environmental conditions. A multi-phase volume of fluid model was used to investigate climate interaction. The computational
amplitude was represented by an OWC device with a wave tank.

The main purpose of this study is to present a mathematical model for optimal design and study of the converter under study. To determine the
optimal energy converter parameter based on environmental parameters (water depth, wave period and altitude), first using the Particle Swarm
Optimization (PSO) meta-processing algorithm and coding in MATLAB software to create an algorithm to study and provide the most optimal
chambers with the widest range of text and waves We did different depths.

PSO algorithm

A meta-heuristic optimization algorithm modeled on the movements of a group of birds or a group of fish that live in groups. The PSO algorithm
shows flying birds to accurately detect motion and analyzes flight patterns. This algorithm, like other evolutionary techniques, uses a population
that contains potential solutions to a problem that it uses to explore the search space. The main difference between this method and other methods
is that each particle has a velocity vector that by its changes continuously searches in the decision space. They are selected randomly with an
initial velocity of zero. In the next steps, the particles have acceleration and velocity, so that the movement and displacement of each particle
and the position of the particle in the new position is calculated according to the previous position and velocity.

In this study, an attempt is made to investigate the simultaneous effect of environmental parameters on the efficiency of wave energy converters.
For this purpose, the parameters of the period of impact waves (T), water depth (h), and the height of the index wave (H) are selected as the
problem variables. Also, the water density parameter (p) enters the algorithm according to the region as a specific input. Also, the necessary
changes were made to define the main optimization equation and auxiliary equations, and the limit state equations were added to the algorithm.
The problem under study specifically includes a principal equation, auxiliary equations, and limit state equations (boundary constraints). The
main equation was considered according to the amount of impact wave energy and considering the angle of impact based on the mentioned
relations. Also, the limit equations of the problem (boundary constraints) are determined based on the minimum and maximum parameters of
the variable. Therefore, according to the defined quantities, the initial range for searching for answers will be in the form of limit equations and
the minimum and maximum values of the original quantities. After determining the initial region of the answers, according to the hierarchy of
the algorithm during the process of the coded iteration cycle, it obtains the best values of the mentioned parameters in such a way that the amount
of wave energy is maximized.

Simulation and Results

Changes in efficiency under geometric ratio change

The optimal efficiency is shown in Figure 1. According to the diagram, the changes in maximum efficiency with increasing H / h ratio increase
at first, then remain almost constant and finally decrease. Considering T = 3s, the highest efficiency was 54% when H / h = 0.3) , considering T
= 6s, the highest efficiency value was 49%.
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Conclusions
The results of this study indicate the very appropriate answers of the proposed PSO algorithm to determine the parameter of the optimal operating

chamber of the wave oscillator energy converter in comparison with other algorithms. The performance of the designed converter in the obtained
optimal state is equal to 54%, which increase in comparison with the research background is a self-confirmation of the results obtained from the
determination of the optimal state by the proposed algorithm.
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ABSTRACT

Introduction

Evapotranspiration is one of the main components of water balance and also one of the key factors for proper irrigation planning to improve
water use efficiency in irrigated lands (Lee et al. 2003). So far, various methods have been proposed for estimating evapotranspiration, including
methods based on energy balance. Remote sensing has various applications in agriculture. One of the methods of estimating evapotranspiration,
especially in large areas, is the use of remote sensing technology. SEBAL (Bastiansen et al., 1998) is one of the remote sensing-based algorithms
which is used worldwide including in Iran. Evapotranspiration was estimated using SEBAL based on Landsat and MODIS images in several
studies. Satellite images have different temporal and spatial resolution; those with high temporal resolution have low spatial resolution (such as
MODIS). Despite daily access to these images, they have low spatial resolution and may have different phenomena in each pixel. Satellite images
with moderate spatial resolution have low temporal resolution (such as Landsat 8). Integration of satellite images with low and medium spatial
resolutions is a way to use the advantages of both images. Some downscaling methods are complex and the user should have comprehensive
information about the conditions in the area, while there are simpler methods that have been used in some studies. The purpose of this study is
to investigate some of these simple methods in the study area.

Although there are several methods for estimating evapotranspiration based on satellite images (Zhang et al., 2016), the SEBAL algorithm is
one of the methods whose accuracy has been confirmed in Kermanshah province and the study area (Ghamarnia et al., 2016; Karimi et al., 2012).
Therefore, in this study, the SEBAL algorithm was used to estimate evapotranspiration. Although there are different methods for combining
estimated evapotranspiration based on Landsat and MODIS satellite images, this issue has not been studied in the study area (Mahidasht plain,
Kermanshah province, Iran). The aim of this study was to estimate evapotranspiration in the Mahidasht plain on a daily basis (time scale of
MODIS images) and 100-meter pixels (spatial resolution of Landsat 8 images in thermal bands).

Methodology
The SEBAL algorithm was used to calculate evapotranspiration in the study area. This algorithm calculates evapotranspiration based on energy
balance (Equation 1).

Rn=H+ G+ AET 1

In this equation, Rn is the net radiation, H is the sensible heat flux, AET is the latent heat flux and G is the soil heat flux. All parameters are in
W / m2. As the calculation procedure of the components of this method is available in the literature, including the article presented by Karimi et
al. 2012, the details of this method are not stated in this article.

In this study, evapotranspiration was calculated using MODIS and Landsat 8 images in 2014. The Landsat 8 and MODIS images were
downloaded free of the charge from the available websites. Landsat 8 and MODIS images were used on 6 dates (3 May, 20 June, 22 July, 7
August, 23 August, and 8 September 2014) in days without dust and clouds. The land surface temperature was calculated for Landsat 8 images
according to Weng et al (2004) using thermal bands 10 and 11 (Equation 2), but the MOD11A1 product was used for MODIS images.

T

LST= 2

1+

The methods of ratio and subtraction have been used to downscaling the evapotranspiration obtained from MODIS images (Equations 3 and 4).
ETSubtraction (X-y~n):ETLandsat (X-Y~“-1 )+ETModis (X-Y~“) 'ETMadis (X~Y-“- 1 ) 3

ETy gnasat (X-y-0-1) 4
ETgaio (X.y-0)=ETyqq55 (X.y.0) % m

Where, x and y are pixel coordinates, ET_Landsat (X, y, n-1) is the amount of evapotranspiration from Landsat 8 image on time n-1 (the first
date before day n where the Landsat 8 image is available). ET_Modis (X, y, n-1) and ET_Modis (x, y, n) are the amounts of evapotranspiration
from MODIS image on the dates n-1 and n, respectively.

To evaluate the results of downscaling methods, the evapotranspiration obtained from both methods (on the dates on which we have Landsat 8
images) was compared with the evapotranspiration estimated with the Landsat 8 image on the same date.

Results and discussion
First, the maps of estimated evapotranspiration on the 6 dates mentioned in the previous section were prepared based on Landsat 8 and MODIS
images. Then, based on those maps, the average of daily evapotranspiration estimated in the plain level was calculated. The results showed the
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same trend in the estimated evapotranspiration based on both images, although there is a large difference between them on Julian day 219 (7
August 2014).

Statistical indicators of evapotranspiration obtained using Landsat 8 and MODIS images in the study area are listed in Table 1.

Table 1. Statistical indices of estimated evapotranspiration based on MODIS and Landsat 8 images

Date Julian day MODIS Landsat 8

Max Mean S.D Max Mean S.D
03-05-2014 123 74 35 2.9 7.0 3.3 1.7
20-06-2014 171 8.5 4.2 4.8 74 45 24
22-07-2014 203 10.0 45 3.9 9.6 5.0 1.8
07-08-2014 219 7.6 47 14 8.7 6.8 1.2
23-08-2014 235 6.4 2.8 2.0 5.8 2.6 0.9
08-09-2014 251 5.3 2.3 1.4 6.5 2.4 1.0

The root mean square error (RMSE) was used to evaluate the evapotranspiration estimated by downscaling methods (Table 2). The RMSE was
between 1.91 and 3.12 mm/day. Although there was no specific trend of the RMSE in time, the mean of this statistic index was the same for
both downscaling methods.

Table 2. RMSE of downscaling methods

Date Subtraction  Ratio
22-07-2014 2.79 3.12
07-08-2014  3.02 2.63
23-08-2014 1.91 1.97
Average 2.57 2.57

Conclusions

In this study, evapotranspiration was calculated using the SEBAL algorithm based on Landsat and MODIS images. The time trend of
evapotranspiration calculated based on MODIS and Landsat images was the same. Calculated evapotranspiration based on MODIS images was
downscaled to Landsat scale by ratio and subtraction methods. Due to the large difference between the estimated values of evapotranspiration
based on both methods of downscaling with the estimated values of this parameter based on the Landsat 8 image, these methods are not
recommended for downscaling in the study area.
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ABSTRACT

Introduction

The diversity of the source of precipitation in different parts of Iran, along with the conditions of latitude, distance and proximity to moisture
sources, etc., causes precipitation behaviors such as intensity and continuity to have temporal and spatial changes. Using statistical methods and
the discharge data of Dez river, the violent floods of this river were extracted to identify the effective factors in their creation. The information
of all the effective atmospheric levels has been analyzed in a combined manner using descriptive and appropriate maps, and synoptic and
thermodynamic characteristics of heavy cloud precipitation in the catchment basin have been investigated and synoptic patterns leading to the
prolongation of the systems in the catchment basin and its effect on the discharge of streams have been identified. and was presented. The aim
of the research was to identify the pattern or patterns of sustainable rainfall systems in the Dez river basin. The results of the investigation showed
that the presence of a deep depression in the east of the Mediterranean Sea has caused the cold air of Europe to fall in the west of this vessel, as
well as the transfer of moisture from the Arabian Sea and the Persian Gulf to its east, and the conditions for creating an ascent of the most
important elements of the pattern of heavy and durable precipitation in They are basins. Planning of water resources, prevention and timely
notification and control and containment of floods are among the results that can be expected from this research.

Due to the importance of rainfall for a dry country like Iran, many researches have been conducted on the characteristics of rainfall in Iran.
However, there are still many unknowns about this rebellious and variable climate element. In Iran, precipitation is one of the basic variables to
evaluate the potential existence of water resources. Although it has a periodic nature, its temporal and spatial distribution is very uneven and
therefore the distribution of water resources is not uniform. The maintenance and management of water resources is also a function of received
rainfall and depends on its variability. Therefore, the smaller the spatial changes of precipitation, the greater the homogeneity and homogeneity
of water resources (Massoudian, 2015). The diversity of the source of precipitation in different parts of Iran, along with the conditions of latitude,
distance and proximity to moisture sources, etc., causes rainfall behaviors such as intensity and continuity to have temporal and spatial changes.
Especially in the southern regions of Iran, which have less rainfall, these changes are more severe. Considering the importance of rainfall and
its impact on various economic, agricultural, and social sectors and the need to investigate and identify the synergistic patterns of rainfall in the
study area for use in planning and optimal management of water resources, the necessity of doing this is evident. Ecosystems and physical
structures of human societies are adjusted to normal climatic conditions, and when extreme climatic phenomena occur, they can rarely equip and
prepare themselves. It has been identified and investigated continuously with a duration of more than 5 days in the period of 1979-2006 (Ming,
2008, 331). (Canvas et al., 2019) in the analysis of the relationship between the classification of atmospheric circulation patterns and daily
precipitation in the Pyrenees region in the north of Barcelona, Spain, concluded that during the statistical period of 1961-2010, the precipitation
trend during the period was significantly decreasing, which The decrease corresponds to the change in the type of atmospheric systems during
the statistical period. During the rainy years, Iceland's low pressure at sea level and deep mid-atmosphere troughs played an important role.
Analysis of the trend and concentration of precipitation in the Sardania region in western ltaly by (Caluero et al., 2019) shows a decrease in
precipitation in the winter months and an increase in the summer months during the period of 1945-2017. Also, the distribution of uniform
rainfall during the year shows a significant increase and the trend is also significantly decreasing during the statistical period. In our country,
studies have been conducted in the field of simultaneity investigation of durable and heavy rain waves and flood modeling of catchment basins.
With the investigations conducted on 200 rainfall systems in a statistical period of 20 years, he showed that the Sudanese systems enter Iran
from five main routes and cause rainfall according to the synoptic patterns. So that in two routes they enter the country as a merger with the
Mediterranean roundabouts and in the other three routes independently.

Methodology

The studied area of synoptic and rain gauge stations is located in the Dez sub-basin. The location of the studied area is in latitude 32°30' to
33°44'N and longitude 48°41' to 49°40'E. The water basin of Dez River is a part of the Karon Basin. Two statistical and synoptic methods were
used for a more detailed investigation of the synoptic situation of heavy rains in the Dez river basin. In the statistical part, factor analysis, which
is one of the widely used statistical methods in climatology, was used, and in the synoptic part, maps of different atmospheric levels were
extracted and analyzed using Grads software for the specified days. Factor analysis index and visual inspection were used for synoptic analysis
and pattern finding of dominant systems in heavy rains. For synoptic analysis, maps of different atmospheric levels were prepared and drawn
and analyzed.

Results and discussion

The water year of 1371-72 is one of the most watery years of Iran in the period of 1343-1400.The average water flow of the Dez River this year
is equal to 503 cubic meters per second, a little more than twice the long-term water flow of 244 cubic meters per second. The water year of
1371-72 is one of the most watery years of Iran in the period of 1343-1400. The average water flow of the Dez River this year is equal to 503
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cubic meters per second, a little more than twice the long-term water flow of 244 cubic meters per second. The investigation of rainfall and the
hourly hydrograph of Tele Zang station shows that the cumulative rainfall in three stations Tang Panj Bakhtiari, Tele Zang and Kharsar during
the rains that led to an increase in the daily discharge and instantaneous discharge of Tele Zang station was equal to 272, 173 and 143 mm,
respectively. The flood continued for about 60 hours, which was recorded after 17 hours.

Conclusions

The synoptic analysis of maps of different levels showed that during the period of rain and flood in January 2011,the conditions of sea level
pressure patterns (high pressure and low pressure), low level of 850 hectopascal and 500 hectopascal (falling of cold air from high latitudes) and
its establishment on water areas (Mediterranean, Red Sea, Persian Gulf and Arabian Sea) and the flow of moisture from these water areas to the
north, the establishment of rivers, the high level of Tavai and the negative amount of Omega in the region, as well as the intensification of the
ascent process by the heights of Zagros, especially in the western slopes. (rainy mountain) environmental and circulation conditions have been
provided for the occurrence of heavy rainfall and its continuation. Synoptic patterns before and during heavy rainfall in the region and
neighboring affected areas are important indicators for comparison. In most of the extracted models of this research, a deep descent is formed in
the east of the Mediterranean Sea and its extension to the north of the Red Sea at the level of 500 hectopascals, which causes the cold air of
Northern Europe to fall to the south, and on the other hand, in the east of this vessel, or a deep descent of warm air. and moist moves from south
to north. This pattern is the most important factor and has the largest contribution to heavy and steady rainfall in the studied area.
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ABSTRACT

Introduction

Water limitation in arid and semi-arid regions is one of the important factors in the production of agricultural products. Supplying water and
eliminating its shortage is one of the most important priorities in most countries of the world, including Iran, due to the increase in water
demand due to population growth. Grape (Vitis vinifera L.) Is a perennial woody plant that needs long hot and dry summers and cold winters
to grow (Tafazoli et al., 1991).The cultivated area of the country's vineyards, including scattered grape vines, is about 312,000 hectares, of
which 91.35% are fertile vines (Tedin and Sadeghi, 2018). Water is the main factor controlling the quantity and quality of grape fruit, especially
in summer, and by applying the correct management of water, soil and plants, sustainable agriculture can be established while increasing the
yield (Xu et al., 2019). Therefore, it is necessary to adopt appropriate methods for the optimal use of water resources, considering the necessity
of water consumption in agriculture and the existence of evaporation losses under dry conditions (Gholami et al., 2013). Evaporation rate
increases with increasing air temperature, soil temperature and decreasing relative humidity. Mulches are a useful tool for maintaining soil
moisture and increasing irrigation efficiency, which disconnects dry air from the soil and prevents solar radiation from reaching the surface,
reducing surface evaporation and maintaining soil moisture (Salehi, 2011). Therefore, the use of soil covers in combination with modern
irrigation methods reduces water wastage and increases crop productivity. Therefore, this research was conducted with the aim of investigating
the possibility of using plastic and organic mulches to improve vegetative traits compared to the condition without mulching in one-year grape
seedlings under modern irrigation systems in Kermanshah region.

Methodology

This research was carried out in the research farm of ACECR, Kermanshah province unit by planting vine seedlings of Asgari variety (Located
at 47 degrees and 6 minutes east longitude and 34 degrees and 26 minutes north latitude with 1320. meters above sea level) during 2017. In
this research, in order to investigate the effect of different mulches on the vegetative characteristics of grape seedlings in two methods of drip
and wick irrigation, an experiment was conducted in the form of a randomized complete block design with three replications. The used mulches
included three treatments: plastic soil cover (Al), combination of sand and stubble (A3), stubble (A4) and no soil cover or control (A2).
Cultivation of seedlings was done manually at the end of July 2017. In this study, 27 seedlings were planted in 3 rows at a distance of 2.5
meters in each row and 2 meters in each bush. The seedling irrigation period was 7 days, and the initial values of the vegetative characteristics
of the vines, including collar diameter, seedling height, number of branches, branch length, shading area and number of leaves were measured
on the first day after planting the seedlings. The second measurement of the above vegetative traits was done on November 2017. Finally, the
change of vegetative characteristics of vines grown in different soil cover treatments under two irrigation methods compared to the control
treatment in each irrigation method was investigated. Irrigation was carried out by two independent water tanks, equipped with water level
regulators located at the beginning of the lateral line in the wick and drip irrigation system. By connecting the secondary lines to the tank, the
suction height was adjusted in the wick pipes and the roots of the grape were irrigated. The volume of irrigation water in the two irrigation
methods was completely the same and there was no difference in the amount of water received by the seedlings. Finally, after data collection,
statistical analysis, including an analysis of variance and comparison of means, was performed using Duncan's multi-range test at a five percent
probability level with SAS Ver 9.4 software.

Results and discussion

The results of variance analysis of the data showed that there was a significant difference between the soil cover variable and the irrigation
method variable with the studied traits at the level of 1% and 5%. Based on the obtained results, the effect of irrigation method on the average
of all vegetative traits, except the branch length trait, was significant at 5% level. In this experiment, among the vegetative traits, the maximum
amount of collar diameter of 5.98 cm, number of branches of 9 branches and branch length of 151.33 cm were affected by the wick irrigation
method. The lowest values of collar diameter (2.41 cm), number of branches (4 branches), and branch length (147.33 ¢cm) were observed
without significant difference in drip irrigation. In contrast, the lowest values of other indicators, such as seedling height, shading area, and
number of leaves, were observed in the wick irrigation method. Regarding the effect of mulch treatments on collar diameter, it can be stated
that the maximum collar diameter was 71.4 cm in stubble mulch, 33.4 ¢cm in sand-stub mulch, and 28.4 ¢cm in plastic mulch. Also, the results
showed that the highest values of seedling height, branch length, shading area, and number of leaves were observed in plastic mulch. On the
other hand, the treatment without soil covering caused the lowest values of seedling height, branch length, shade area and number of leaves
compared to other treatments. Najafabadi et al. (2016), Eslami and Farzamnia (2018) and Kabhan and Mankar (2021) also recommended the
use of plastic mulch, which is in line with the results of this research. In this regard, Gholami et al. (2012) stated that the presence of mulch
has created suitable growth conditions such as maintaining soil moisture, reducing the growth of weeds, and increasing vegetative growth in
olive trees. In examining the mutual effects of irrigation method and mulching, the results showed that the lowest amount of vegetative traits
belongs to the drip irrigation treatment without soil covering (DA (and the highest growth values in vegetative traits were also observed in the
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drip irrigation method and plastic mulch (DAL). Therefore, the results showed that the performance of plastic mulch in combination with drip
irrigation was better compared to other treatments due to the higher water supply of the drip irrigation system and consequently the coolness
of the soil around the roots and the reduction of water evaporation. In examining the mutual effects of the capillary method in different mulches,
the results showed that the performance of the sand- stubble mulch was better, but this difference was not enough to cause a significant

difference between the treatments.

Conclusions
The present study was conducted to investigate the effect of the effects of using soil cover in two drip and wick irrigation systems on the rate

of growth of grapevine vegetative traits and comparing these effects in the case without soil cover. The experiment was carried out in different
treatments, such as plastic soil cover (A1), combination of sand and stubble (A3), stubble (A4) and no soil cover or control (A2). The results
of this study indicated that the use of soil cover in drip and wick irrigation increased the vegetative characteristics of vine seedlings compared
to the condition without cover (control treatment). Drip irrigation showed a better performance than wick irrigation in 50% of the values of
seedling height, shading area, and the number of vine leaves. The results showed that application of plastic mulch in the seedling height, branch
length, shade area and number of leaves in the drip irrigation method compared to the same treatment in the wick irrigation method respectively
caused an increase of 42.66, 16.42, 34.18 and 48%. Overall, the results showed that, in the case of designing a drip irrigation system, the use
of soil cover can be useful, and for this purpose, plastic soil cover is recommended in this method.
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ABSTRACT

Introduction

The use of intelligent and meta-heuristic algorithms has many applications in engineering sciences, which is generally achieved by advances in
computer computing. Hydraulic is one of the sciences that researchers use intelligent algorithms widely. Transient flow is a type of unsteady
flow whose analysis always has special complexities and time consuming. One of the most important characteristics of transient flow is the rate
of losses, which determines the damping rate of pressure waves. On the other hand, pipelines have leaked in their walls over time for various
reasons, therefore it is necessary to study losses in transient flow in the presence of leaks. So, due to the complexity of equations, boundary
conditions, effective factors and time-consuming calculations, the use of intelligent algorithms in determining amount of head losses in pressure
waves of transient flow (H_sw — Head Loss of Pressure Wave) despite leakage in the pipe wall is helpful. In this study, according to the application
of intelligent algorithms in the analysis and optimization of transmission pipelines, transient flows, leaks, pressure losses, etc., based on
dimensional analysis, we use artificial neural networks (ANN), genetic algorithms (GA) and gene expression programming (GEP) to study and
estimate the Hipw and also provide an optimal relationship to determine and calculate this parameter. Also, the performance of the mentioned
models has been compared with hydraulic inverse transient analysis (ITA) model.

Methodology

In this study, laboratory data were used from Mohammadi (2016). The laboratory model equipment used includes reservoir, pipe, and a valve
(RPV). The pipe used is made of polyethylene with a working pressure of 10 bar, nominal diameter of 63 mm and length of 47 meters. A total
of 120 series of experiments were performed by very fast closure of valve (almost instantaneous closure) at 6 discharges, 5 leak diameters and 4
different leak locations (Table 1).

Table 1- Range of variables during experiments

P Diameter  Pipe length Discharge Leak diameter Distance of leak
arameters -
(mm) (m) (I/s) (mm) from reservoir (m)
Range 63 47 2-25-3-35-4-45 4-6-8-10-12 27-33-39-45

Applying Buckingham's n theorem and performing dimensional analysis and consideration (H pw) as one of the effective parameters during the
experiments we will have:

Dp Lp VT, Hrp

f(ReP’D_p’D_p’Dp’D_p):O (1)

Artificial Neural Networks (ANN)

In order to use the ANN technique, a network with 4 dimensionless parameters (Re;), (D./Dy), (L./Dp) and (VTc/D,) for input variables and
(Hwew/Dy) as the target organized that consisted of 5 neurons in the middle layer. In this study, the neural network is preprocessor multilayer
perceptron (MLP) that uses the Error Back-Propagation algorithm to generate the error signal.

Genetic Algorithms (GA)

In GA analysis, the following general equation is proposed to determine Hypw:

H, pw/Dy=a(Re,) +c(Dy /D,) +e(L, /D)) +g(VT,/D,y) +i %)

In the above equation, the coefficients a, b, ¢, d, e, f, g, h and i are fixed parameters that have been tried to determine the best answer for them
during the optimization process.

Gene Expression Programming (GEP)

In order to estimate the (H.rw) using GEP method, the equation with the following form is presented:

Hppw/D,=A+B+C+D+E 3)

Which A, B, C, D and E are terms to be determined by GEP.

Results and discussion

Aplication of ANN to determination of Hipw

The data were randomly divided into two categories, with 70% of the data used for training and the remaining 30% for the network test phase.
During the training process, the optimal learning rate was 0.1492 and the movement size coefficient was 0.89. In the training stage, the values
of R%, RMSE and standard deviation were 0.989, 0.067 and 0.025, respectively, which indicates the accuracy of training. After completing the
training, the test step was performed and the results are presented in Table 2. Statistical indices show that the trained multilayer perceptron has
been able to successfully calculate the target values in best form.

Aplication of GA to determination of Hypw

By converging the genetic algorithm to the absolute optimal solution, the equation of (H,»w) was obtained as follows:
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H, py=78.87D,Re,*+877.96D,"*'D, **'-1.96D,°L, "*-388.05D,**' VT, *'+315.41D, 4)

Statistical indices show the average performance of GA in providing a equation for calculating Hypw. As shown in Table 2, with R?=0.721, it
had the weakest performance among intelligent algorithms.

Aplication of GEP to determination of Hpw

Statistical results related to the GEP model show that the obtained equation has R?=0.9015 in the training phase and R?=0.905 in the test phase,
which shows the high accuracy of the equation:

A=(c0s (Re)-2.52)"[((-9.94 25 )+ Re-9.94)/(2 )] (5)
b b
3
_ . VT, Ly, 064D 1,3
B=exp [sm(sm( o )X[9.53D,,+—Dp D ] ©
—rwi [PLyL DL Ly VT,
CoI(sin (_[2E)+(2-72.08)) sin (1+7.23)]- )
1
D=([[sin (8.23+(:=xRe?))| xRe]+Re )t ®)
P
DL
(9.87Re )H(Renk)
_ VT, DL Dp
F=(—+ 2y — 9
oo = ©

Comparison of intelligent algorithms with hydraulic analysis

In order to compare the efficiency of intelligent algorithms with the existing hydraulic analysis, the results calculated by ANN, GA and GEP
have been compared with the results calculated by the hydraulic analysis of transient flow by invers transient analysis (ITA) method in presence
of leakage with application of double coefficient instantaneous accelerated base (IAB) unsteady friction model.

Table 2- Range of variables during experiments

Method of calculation R? RMSE ME MAPE o
ITA 0.891 0.180 0.026 2.23% 1.033
ANN 0.987 0.019 0.004 1.82% 0.996
GA 0.721 6.892 0.537 12.24% 0.965
GEP 0.905 0.110 0.018 2.07% 1.028

Conclusions

The results showed that the ANN model has the best performance among the intelligent algorithms for calculation (H.ew). Also, ANN, GEP,
ITA and GA models with R? equal to 0.987, 0.905, 0.891 and 0.721, have the best performance in estimation of (H.sw), respectively. In general,
for estimation of (H.pw) some intelligent algorithms are more powerful than the existing hydraulic analyzer. Therefore, their use is recommended
in both terms of reducing time and increasing the accuracy of calculations.
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