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Abstract transient flows. A comparison and validation of our code

We present a numerical code for calculating transient
flow in plastic pipes, especially in the polyethylene pipe,
to analysis effect of material viscoelasticity on water
hammer phenomena. The set partial differential
equations to be solved is obtained using conservation
laws and behavior for the fluid and the pipe wall,
associated with constitutive equations of the two media,
and relationships compatibility of interfaces on velocities
and stresses. A global digital processing is achieved
using the method of characteristics. The results obtained
are in good agreement with those found in the literature.
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1. Introduction

Water hammer, or hydraulic transient, refers to pressure
fluctuations caused by a sudden increase or decrease in
flow wvelocity. In this way, many theoretical and
experimental studies have, usually, conducted assuming
linear elastic behaviour of the pipe wall without mass [1,
2, 3], that is means, time scales of inertia of pipe wall is
negligible. In view of industry practice, classical water-
hammer studies are interested in estimating the pressure
caused by water hammer. This can, under certain
conditions, have disadvantages on pipes conveying fluid,
and also, it can be useful for generating energy. In the
field of plastic materials, the pioneering studies appear to
be those of Tison in 1958 [4], who had noticed the
influence of viscoelasticity on the transient flow behavior
associated with the valve opening. Include, also, the
work of Blanchard and Rieutord [5, 6, 7] and later
experimental verification carried out by Giney et al [7].
More recently, Soares et al. [8] and Karmat et al. [9]
have conducted similar studies.

The interest of this study is the use of increasingly
growing plastic tubes (PVC, polyethylene,...) in different
industries and service life compared to traditional piping
materials. This leads us to examine the influence of the
viscoelastic behavior of these materials on hydraulic

is done with the measurement results conducted by
Giiney [8], at INSA Lyon

2. Assumptions and basic equations

The basic equations are derived from the classical laws
of conservation of mass, momentum for the fluid and the
pipe wall in the case of isentropic transformations. We
assume also that the fluid is barotropic Newtonian and in
the expression of the viscous stress, the longitudinal
velocity gradients are negligible compared to transverse
gradients. The material of the pipe wall behaves like
linear elastic or viscoelastic, isotropic, Kelvin Voigt type
[10, 11]. Geometrically, the pipe is assumed to be
cylindrical horizontal, the cylindrical coordinates are
(x,r,0 ). One of its end is rigidly attached to a reservoir
upstream, which imposes a constant pressure and the
other is on a fixed support and including an operating
valve. The flow is axisymmetric and longitudinal
gradients of velocity are assumed to be small compared
to transverse gradients.
Given these assumptions, the averaged equations of the
flow in a cross section of pipe can be written in
traditionally a one-dimensional formulation, reflecting
the relations of conservation of mass and momentum
averaged over a section of a cross section, as hyperbolic
system that is suitable for characteristic methods:
In summary, the system of equations to be solved is:
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¢ : parameter characterizing the type of anchoring the
pipe and which, in the case of a pipe anchored
longitudinally, is written. [2]:

for strain retarded creep, in linear viscoelasticity.

Ps

The shear stress 7 =7, +7,,[12,13,14], is composed

of the quasi-stationary part 7y related to the quasi-steady
friction A and depending on the flow regime and the
relative roughness of the pipe which in the case of
turbulent flow, is derived from the Colebrook equation:
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Where R is the Reynolds number; ¢ is the roughness of
the pipe wall. The unsteady part 1, linked to the
convolution product is:

ru:4—“ jW(t—t') wdt‘ (4)
DS } at

u is the dynamic viscosity of water, W the weighting
function related to Zielke’s model [12].

3. Modelling of the creep function
The creep function can be discrezed as:
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It’s corresponding to a Kelvin-Voigt model with a

spring module in parallel with the viscous dampers i,
leading to a relaxation time i = 7i /Ei, Jo
representing the instantaneous compliance , J(O0) , the
inverse of the instantaneous elastic modulus E (0). If we

set, =0 thatis Ji =0

elastic case.

,or, if 5= we find a classical

4. Initial and boundary conditions

The initial conditions are those for steady flow and the
balance for the pipe wall. The boundary conditions are in
addition to the pressure imposed by the tank on the
upstream and the instantaneous closing of a free valve on
the downstream, the conditions of fluid-conduit
interfaces requiring, in viscous flow, equal velocities and
stresses as well as:

P(O,t)=p g Hy, (12)
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Fig. 1: diagram of the system studied

5. Numerical solution

The numerical solution of hyperbolic systems (1) and (2)
associated to initial and boundary conditions can easily
be obtained by the usual method of characteristics [15,
16].

6. Application and results

In this application, we consider steady-state flow value

V0 =0.5m/s. The flow is in the horizontal pipe anchored
to the upstream to a tank filled with water and of height
HO, ending at the downstream to a valve that closes
abruptly. The parameters of the fluid and the pipe are

summarized in table I:
TABLE |
PARAMETER VALUES OF FLOW

Components values
Tank height Ho (m) 0.55
Internal pipe diameter (mm) 50
Length of pipe (m) 43.1
Thickness of the pipe (mm) 4.2
Dynamic viscosity of water (Pa.s) 111 X 10°
Poisson’s ratio 0.43
Bulk modulus of water (GPa) 2.2
Density of water (Kg/m®) 1000
Table I1

EXPERIMENTAL VALUES OF COMPLIANCES AND RELAXATION TIMES FOR
DIFFERENT TEMPERATURE

A ECEES
13.8 | 1144 0516 0.637 0.871 0.56x10* 0.0166
25 1.542 0.754 1.046 1.237 0.89x10* 0.0222
31 1791 1.009 1397 1.628 1.15x10* 0.0221
35 1.995 1.235 1797 2349 1.38x10* 0.0265
385 | 2239 1479 2.097 3.570 1.24x10* 0.0347

We conduct the calculation in the case of a polyethylene
pipe tested at the Laboratory of Fluid Mechanics at INSA
Lyon [7] and with experimental records are shown as a
function of temperature in figure 3. This study shows
that the viscoelastic behaviour of the pipe wall is even
more pronounced as the temperature is high.

At low temperatures, little change explains that one can
admit behaviour substantially elastic. But when the
temperature rises, the effect of viscoelasticity is
dominant and must be taken into account in the
calculations.

In the following, we consider an application for both
temperatures 25 °C, 31°C and 38.5 °C for the
corresponding values in the table above. The results
presented represent the evolution of the average pressure
in pipe versus time for different values of the
polyethylene temperature. It shows that the effect of the
viscoelasticity of the material becomes greater with
increasing its temperature.
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