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ABSTRACT

Up to date, transient analysis methods are mainly theoretical, and their implementation to real engineering problems is constrained
due to several physical phenomena not accounted for, such as unsteady friction. This study investigated the behavior of different
unsteady friction models in Python environment. The models have been compared based on well-developed criteria to be
implemented in WANDA commercial software. Vitkovsky's unsteady friction model was found to be the fittest one to be implemented
in WANDA. The upgraded WANDA version was then tested on a simple hydraulic network. The newly implemented Vitkovsky’s
friction model has significantly influenced the damping over the conventional quasi-steady friction.
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1 INTRODUCTION

Inverse transient analysis (ITA) offers the possibility of leak pinpointing from the perspective of a software-based approach, and it is
now becoming an emerging technique for leakage detection. Even though this technique is well-defined in research papers, it is not
yet adequately implemented in commercial software due to several fundamental aspects and assumptions used in the transient
solvers (Lin and Yeh, 2019). Most hydraulic transient commercial software use steady friction in their computation, which might be
valid for basic water-hammer analyses but not for complex analyses like transient based leakage detection techniques (Abdulshaheed
et al., 2017). Hence, implementation of unsteady friction for transient events is mandatory to enhance the aptitudes of commercial
software.

WANDA is a hydraulic based model software developed by Deltares which performs hydraulic analyses for steady and unsteady flow
conditions in water networks. For transient analysis purposes, WANDA can be used to execute efficiently tasks that are dependent
on the maximum pressure wave. However, the later pressure history is poorly simulated. This problem arises from the fact that
WANDA relies on steady friction computation. This study aims to update the current transient solver in WANDA with an unsteady
friction component, so that it can provide more accurate computations.

2  Methodology

The research plan included several steps that are featured in
two different environments, Python and WANDA,
respectively. In the Python environment, the water hammer
numerical solution is first implemented and solved using the

basic MoC with steady friction computation. Secondly, the o2
quasi-steady friction and 3 different unsteady friction models

were implemented in Python environment. The different H

implemented friction models were then compared with real . ) e )

experimental data using the setup used in Ferras et al. 2016
research. Based on this comparison, the most-suited
unsteady friction model for engineering practice is
implemented in WANDA and tested for different synthetic
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networks.

A simple synthetic network was constructed to easily =

compare the effects of transient event simulation at the valve

using unsteady friction with the previously installed quasi- =

steady friction model. The network is composed of an Figure 1 Simple network structure

elevated tank, 5 pipes, 2 nodes, a butterfly valve, and the
final reservoir. The valve closure occurred during 1 second.
The network is illustrated in Figure 1.
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3 RESULTS AND DISCUSSION

3.1 Simulation of different unsteady friction models

All the friction models were implemented and presented in T = =

Figure 2. The steady, quasi-steady first-order model and = w|— &= q T AEHEEROOORAR
quasi-steady second-order model provided overall close — tino f N " AHHHK I
results. Hino’s model provided a slight improvement over the [ atd ’ { ' {- ! [
previous models due to the additional instantaneous mean

flow velocity assumption (Hino et al., 1977). Daily’s model
provided more accurate results by using instantaneous mean 60
flow velocity and local acceleration while estimating the
friction. A significant improvement has already been deduced 5
when using Brunone’s model and further improved by
Vitkovsky’s model (Vitkovsky et al., 2006). These models
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depend on the instantaneous mean flow velocity, local “ E_ § L
acceleration, and convective acceleration./ Vitkovsky’s model J K 18R

provided higher accuracy than Brunone, and this is mainly 0 y Q 3 L f; H H é n t t t L
attributed to the sign term which was introduced (Vitkovsky et : ol e il

al., 2006). Finally, Vitkovsky’s model was chosen to be 00 02 04 0 08 10
implemented in WANDA as it (i) doesn’t need an input from Time (s)

user (i) stable (ii) has moderate accuracy (iv) has highly

. Figure 2 Simulation of different friction models compared to measurement
moderate accuracy (v) accuracy is not case dependent

3.2 Simulation of unsteady friction in a simple pipe
network

] Quasi friction mode!

the quasi-steady friction gives a realistic approximation of “HNI“I N I
the first few pressure peaks only. The first two pressure | ‘“ A)' |J I‘ N' ’l ”/ M VW” ”
peaks are almost identical with the unsteady friction model; : NIWH ll | H '/'\il I“\ || \’l'
however, differences can be noticed from the third peak. “mes

Hence, the conventional quasi-steady friction model can be o v sy o ot
good enough for the applications that use the highest '
pressure peaks, for example, pipe bursts tests or pump
trips. The WANDA'’s upgraded model provides a higher and ; \‘
more realistic damping rate than the conventional quasi- ‘ \ ’W“ i

steady model. This is mainly credited to the addition of the . ”"‘ Hi'lJLJlJWa.m ik -—
previously neglected unsteady friction that counts for Bl IAREEENI R ERRIE
different factors like turbulence. R

Information retrieved from Figure 3 confirms the fact that H
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Figure 3 Pressure history in simple synthetic network using a) quasi-steady friction and b)

4  CONCLUSIONS Vitkovsky friction

Unsteady friction is significantly important for different applications and tasks executed by standard engineers
Vitkovsky friction was found to be the best-suited unsteady friction model to be implemented in WANDA according to the
developed criteria mentioned in this study

e Unsteady friction improves the simulation significantly for standard pipes; however, it falls short for simulating PVC and HDPE
pipes

e Vitkovsky's friction provided affordable computational efforts and high moderate accuracy in the context of transient analyses in
hydraulic networks
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