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Introduction

The analysis of transient flow plays a critical role in designing pipe systems and pipe networks.
Controlling and collecting the pressure wave signals at proper spots in the pipeline can provide much
information about the system. Many researchers have studied transient flow and the loss caused by
unsteady flow (Brunone et al, 1991; Pezzinga, 1999; Vitkovsky et al., 2000).

Compared with steel pipes, the use of polymer pipes such as polyethylene (PE) and PVC in
pipelines and pipe networks has attracted much attention due to their superior properties. Researches
have been conducted on the dynamic behaviour of these pipes on transient flow. Brunone et al.
(1995) explained that pressure wave damping in a polyethylene pipeline is caused by unsteady
friction loss; however, the research showed that there is a large difference between the numerical and
the experimental results, and this is due to the viscoelastic effects of polymer pipe walls, which were
neglected in this study. Soares et al. (2008) examined the viscoelastic behaviour of PVC pipes on
transient flow. The creep function of these pipes was calculated by inverse solution of the transient
flow. The results showed that the damping, scattering, and shape of the transient pressure waves are
fully described by taking into account the viscoelastic behaviour in the developed numerical model.
Carrigo et al. (2016) studied the uncertainties of the transient flow numerical model in polyethylene
pipes, indicating that unsteady friction loss and viscoelasticity of polyethylene pipe walls have
parallel effects on transient signals and the effects cannot be simultaneously distinguished.

Most studies have been so far conducted on the transient flow in a simple pipeline made up of
steel and concrete. Since few research has been done on transient flow in more complex systems and
plastic pipes, the present paper investigates the numerical and experimental model of transient flow
and its properties in polyethylene pipe networks in time domain. In this study, by collecting transient
signals of the pipe network, unknown parameters are calibrated and extracted by inverse analysis of
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the transient flow for different discharges. The pressure signal properties in polymer pipes are also
compared with discharge variations.

Methodology
Numerical model

One-dimensional equations governing the transient flow in closed ducts, namely the continuity
and momentum equations, are extracted as Eqgs. (1) and (2) by applying steady and unsteady friction
loss, and viscoelastic effect of the pipe wall (Covas et al., 2005):
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Where x is the coordinates of the pipe axis, t time, H piezometric head, Q flow rate, a pressure
wave speed, g gravity acceleration, A pipe cross-sectional area, hy, steady friction loss, hs, unsteady
friction loss, and &, retarded strain.

The continuity and momentum equations are solved using the method of characteristics, by
considering a reservoir with fixed head as the upstream boundary condition and a transient valve in
downstream of the pipe network as the downstream boundary condition.

Experimental model

In this research, a polyethylene pipe network fabricated in the Hydraulic Laboratory of the Faculty
of Water Sciences Engineering of Shahid Chamran University, Ahwaz, was used to numerically and
experimentally examine the transient flow in pipe networks. This network consists of six 3mx3m
squares. The pipes are made up of high-density polyethylene (HDPE) with a nominal diameter of 50
mm, wall thickness of 5 mm, and nominal pressure of 16 bar. A 700-L pressurized reservoir is
located at one end of the system and a ball valve at the other end of the network to generate transient
flow for the experiments. A globe valve, placed after the ball valve, is used to adjust the steady flow
of the experiments. The transient flow signals of the tests at upstream of the ball valve and in the
pressurized reservoir were collected by pressure transducers with a measurement range from 0 to 16
bar (T1 and T2).

Results and Discussion

The pressure values at upstream of the transient valve were collected for three steady state
discharges of 0.82, 1.16, and 1.5 lit/s using the experimental model of the pipe network. comparison
of pressure signals for different discharges shows that as the discharge increases, the intensity of the
transient flow signal increases, the phase shift decreases, and the number of cycles per a specified
time period increases (Fig. 1).

Since the unsteady friction loss and viscoelasticity of polymer pipe walls cause damping and
phase shift in the transient flow, the effect of each case on the transient flow should be determined
for the numerical model calibration so as to obtain the best state for the calibration of the pipe
network numerical model. The results show that considering the viscoelastic effect of the pipe wall,
the numerical model is able to simulate, with high accuracy, the transient flow reactions, and there is
consistency between the numerical and experimental results.

The creep compliance functions for polyethylene pipe network were determined by applying the
inverse solution of the transient flow and the pressures collected at the upstream of the transient
valve. The results show that by applying the viscoelastic effects for the pipe network, the creep
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function value in the numerical model depends on the initial discharge value. Moreover, the
variations in the retarded strain for three discharges were calculated. The results indicate that due to
the increase in the effective time of pressure loading and unloading in smaller discharges, the time of
variations in the retarded strain per each cycle is also increased.
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Fig. 1- Time variations in the pressure at upstream of the transient valve for different discharges

Conclusions

The purpose of this study is investigate the numerical and experimental properties of transient
signals in a polyethylene pipe network under different flow discharge conditions. The calibration and
validation of the numerical model of pipe network were performed by inverse transient analysis and
the genetic algorithm. The results showed, that the best state for calibrating the polyethylene pipe
network numerical model is to consider only the viscoelastic effect of the pipe wall with 1 Kelvin-
Voigt element. The creep functions of the viscoelastic model were calculated at different steady state
discharges and it was shown that with increasing discharge, the creep function decreases.
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Fig. 2- Time variations in the pressure at upstream of the transient valve for different discharges
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Fig. 3- Comparison of the experimental and numerical results of the viscoelastic model with (a) one,
(b) two, and (c) three Kelvin-Voigt elements
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Table 1- The calibration results of the pipe network viscoelastic model for

discharges of 0.82 and 1.16 lit/s

Q (lit/s) a(m/s) J1 (Pa™h) 7, () LSE (m?*)
0.82 252 51x10™! 0.05 0.3
1.16 286 31x10 0.05 0.4
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Fig. 4- Comparison of the experimental and numerical results of the viscoelastic model for

discharges of (a) 0.82 and (b) 1.16 lit/s
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Fig. 5- Comparison of the experimental and numerical results by taking into account the pipe wall
viscoelasticity and the unsteady friction loss for discharges of (a) 0.82, (b) 1.16 and (c) 1.5 lit/s
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Table 2- The calibration results of the numerical model by taking into account the viscoelastic and
the unsteady friction loss effects

Q (lit/s) a(m/s) J; (Pa™1) 7, (8) K LSE (m?)
0.82 254 50x10™! 0.05 0.01 0.4
1.16 295 22x10™ 0.05 0.09 0.6
15 340 15x10™ 0.05 0.13 0.8

Pressure head (m)
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Fig. 6- Comparison of the experimental and numerical results by taking into account the unsteady
friction loss for discharges of (a) 0.82, (b) 1.16 and (c) 1.5 lit/s
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Table 3- The calibration results of the numerical model by taking into account the
unsteady friction loss

Q (lit/s) a (m/s) K LSE (m?)
0.82 261 0.20 0.6
1.16 295 0.23 1.3
1.5 345 0.28 2
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Fig. 7- Comparison of the creep function for different discharges
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