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Introduction

Plastic pipes are widely used in pressurized water systems. The analysis of transient flow and
estimation of maximum and minimum pressure wave propagation in pipeline and pipe networks is
required for design and practice of piping systems, pumping stations, and dam water conveyance
tunnels. The viscoelastic properties of the polyethylene pipes have significant effect on the
estimation of pressure wave speed and attenuation in transient flow. The use of polymeric pipes such
as polyethylene and polyvinyl chloride has recently increased due to their technical and economic
advantages over steel and concrete pipes. Due to viscoelastic behavior, polymeric pipes have a
significant impact on transient flows (Pezzinga, 2002). In a fast transient flow event like water
hammer, viscoelastic properties of polymeric materials cause a residual stress in the pipe wall. These
deformations will not return to their original state immediately after unloading (Covas, 2003). This
viscoelastic behavior also affects the intensity, shape, and dampening of pressure oscillation in
transient flows.

Covas (2003) developed a numerical model to simulate the viscoelastic behavior of the pipe wall

in transient flow events. In this study, the results of a linear viscoelastic model were compared with
experimental results in the presence and absence of unsteady friction loss. Soares et al., (2008) also
considered transient flow in PVC pipes, and their results were in good agreement with those obtained
by Ramos et al. (2004). Evangelista et al., (2015) studied water hammer phenomenon in a Y-shaped
system both experimentally and numerically. According to their results, the linear viscoelastic model
was able to simulate the water hammer phenomenon in this system.
The present research deals with the introduction and simulation of dynamic effects, including
unsteady friction and pipe-wall viscoelastic in transient flows in polymeric pipes that widely used in
water works. Accordingly, the governing equations are rewritten and manipulated for considering the
unsteady friction and viscoelastic properties. The equations are then solved using the method of
characteristics coupled with the finite difference method. Appling the inverse transient analysis
method and with the aid of a genetic algorithm, the unknown parameters are determined. Steady state
friction coefficients have to be estimated based on steady state data and other unknown parameters
were calibrated based on the transient flow.
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Methodology

Governing equations

In this study, a mathematical model was developed to calculate hydraulic transients in pressurized
pipe systems. This hydraulic transient solver incorporates fluid frictional and inertial effects, pipe-
wall linear viscoelasticity, and two boundary conditions include, waterhammer valve and a reservoir.
Equations governing transient flow in viscoelastic pipes include continuity and momentum
equations. For a viscoelastic pipe wall, these equations can be derived as follows (Chaudhry, 1987):

oH a’oQ 2a°de,

= =0 )
ot gAox g dt
%+9A%+QA(JS+JU)=O )

where H = pressure head, Q = flow rate, A= pipe cross-sectional area, x = distance along the pipe
axis, t = time, a = pressure wave speed, &, = retarded strain, g = gravity acceleration, J; and J, are
steady and unsteady friction losses per unit length, respectively.

Experimental setup

In order to calibrate the unknown parameters, including the unsteady friction and creep
coefficients as well as to verify the developed model, the physical data collected in the laboratory
transient flow that made to this purpose was used. Experimental tests have been carried out at the
Hydraulic Laboratory of Shahid Chamran University of Ahvaz, Iran. The pipe is fixed to a metal
frame structure fixed to the ground (6 mx1.5 m with 180° bends of diameter 1.5 m) with metal
brackets covered with plastic tube, about 1 m spaced, to restrain the pipe from any axial movement.
The experimental facility includes a centrifugal single head pump (n=2900 rpm), and a pressure tank
with a total volume of 650 | at the upstream end. Pressure tank used to prevent column separation
during negative pressure wave propagation, an air compressor was connected to the top of the tank to
stabilize tank pressure and provide a constant initial pressure for the series pipeline system. There are
two valves, at the downstream end, one to generate the transient event and the other to control the
flow. The downstream end discharges to a free surface drainage pipe, and water is collected in a
reservoir and reused. In this study a simple (reservoir-pipe-valve) pipe with 158 m length (the
diameter and thickness are equal 5.05 cm and 6.3 mm, respectively), have been tested.

Results and Discussion

To evaluate viscoelasticity of pipe wall effect, it was assumed that the pressure damping in
transient flow is only due to steady and unsteady losses and the rheological behavior of the pipe wall
has no effect on the pressure damping. Hence, attempts were made to remove viscoelastic parameters
from the developed model and define transient flow in the polyethylene pipeline based on the elastic
effect. According to the experimental the model with elastic assumption is not able to account for
damping and the pressure wave signal phase in polyethylene pipes during a transient event.
Therefore, to account for viscoelastic effect, parameters of the generalized Kelvin-VVoigt model were
calibrated using inverse transient analysis and the experimental data.

To model pipe wall behavior in this study, the optimized number of Kelvin-Voigt is selected as
three based on the suggestion made by Covas (2003) for large-scale viscoelastic pipelines. The
generalized Kelvin-Voigt model is described by the parameters Jo, J, 7+ and ngy. The parameter J, is
equivalent to 1/E, where E, is calculated from the measured wave speed.
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Figure 1- The numerical model results verses the experimental results

Figure(1) shows the experimental and numerical results of the calibration for the model with only
viscoelastic effects. The figure confirms the linear viscoelastic model is capable of properly
simulating the pressure wave shape, damping, and dispersion. This again confirms that for numerical
simulation of the water hammer phenomenon and diagnostics such as leakage and blockage
detection, the viscoelasticity of the pipe wall must be taken into account.

Conclusions

In this study the transient flow experiments were conducted in a polyethylene pipeline to calibrate
a numerical model and evaluate pipe wall behavior. In the numerical model, effects of unsteady
friction loss and viscoelastic behavior of pipe wall were compared and evaluated separately. The
results show that the classical waterhammer solvers cannot accurately analyze the transient flows in
polyethylene pipes. However, it is also found that the viscoelasticity is obviously more effective than
the unsteady friction effects in formation and attenuation of transient signals so that, considering only
viscoelastic effects would result in acceptable responses.
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