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Fig. 1 Some photos of the transient experimental model, a) downstream valves, b) data collection system, ¢) branching
point, d) pressurized tank, e) water supply centrifugal pump
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Introduction

In recent years, due to the increase in population, demands, and water consumption, the
limitation of freshwater resources on the one hand, and the lack of comprehensive and targeted
management programs in the water resources sector, on the other hand, there are many problems
facing water resources management. It has created countries. One of the sources of water
wastage in water supply systems is the presence of illegal connections.

This research investigates the effect of illegal connections on the transient pressure signal in
viscoelastic pipelines. This research can be the basis for detection methods of illegal connections
based on transient flow analysis in the future. Most past research has been done numerically to
detect illegal connections based on transient flow. More work has been done on the elastic pipe
system than the laboratory research.

Methodology

In this research, building a laboratory model of a suitable viscoelastic polyethylene pipe
system has been tried to investigate the effect of illegal connections on the pressure signal at
Shahid Chamran University of Ahvaz, Ahvaz. The experimental program consisted of hydraulic
transient tests with simulated illegal connections. The pipeline is made of HDPE with PE100 and
NP16 bar. The pipeline's total length is about 158 meters, with built-in sloping rings upwards.
The pipes are fixed to a metal structure to restrain them from axial movement.

The analysis includes removing noise from experimental signals, calculating overpressure in
the time domain, and generating the system's frequency response using a Fast Fourier transform
(FFT). There are different methods to remove the noises in the laboratory pressures. However, to
avoid removing the valuable information of the pressure signal, by comparing different noise
removal methods, including moving average, a frequency filter, etc., the best method for the
transient was using the Butterworth low-pass frequency filter. In this method, by transferring the
pressure signal from the time domain to the frequency domain, the high frequencies of the wave,
which are mainly caused by environmental conditions, are removed, and the low frequencies of
the signal are preserved.

Results and Discussion

Comparing the behavior of an intact pipe system and a pipe with a leak showed that
compared to these systems, the pipe with an illegal connection has a more complex behavior and
cannot be solved with a multi-step approach. In fault-finding methods based on transient with
this behavior that causes a phase change in the signal, it is inevitable to optimize all the decision
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variables together or look for another mathematical approach to solve such problems.
Knowing the behavior of a viscoelastic pipe with an illegal viscoelastic connection can be a way

to decide to provide new solutions in the frequency domain.

Conclusions

Comparing the effect of the illegal connection with different lengths shows that with the
increase in the length of the branch, its reflection is more intense and its impact on lowering the
pressure signal is more evident. In general, the illegal connection's presence causes the signal's
phase change, which increases over time. The comparison of the effect of transient intensity on
the pressure response of the pipe system with the presence of the illegal connection shows that
with the increase in the transient intensity, only the signal difference increases, which is caused
by the more substantial reflection of the illegal connection. Also, approaching the transient
valve, the amount of phase difference becomes more intense with time and the contrast of
signals increases. The comparison of pressure fluctuations in the time domain shows that the
activation of the bifurcation exerts more attenuation on the transient flow wave. However, there
is no noticeable phase change in the pressure signal.
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