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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
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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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