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Context : Leakage detection in drinking Water Distribution Networks (WDN) is a significant
challenge both nationally and internationally (Keramat and Duan, 2021; Che & Duan, 2021). Various
methods and approaches have been proposed in the literature, including sector flow budgets, direct
acoustic leak noise detection, and water hammer signal analysis (Plouraboué, 2024). This last
approach has been explored by several teams, and the results obtained are encouraging for simple
configurations. However, the ability to scale this method to a network as a whole remains uncertain,
and the complexity of the connections prevents the development of a model representative of real-
world conditions (junctions and hydraulic network elements, fluid-structure interaction, etc.). A test
bench dedicated to water hammer analysis has been developed in recent years at IMFT and expanded
to include acoustic measurements. It is instrumented and flexibly controlled, allowing for tests with
various harmonic and transient loading conditions

Project overview : The aim of this thesis is the primarily experimental analysis of the influence of
leakage on fast transients, on the one hand, and on stationary vibroacoustic modes, on the other. This
analysis would allow for a better quantification and understanding of the detectability limits of
different methods and the identification of the most favorable implementation conditions. The use of
acoustic or vibratory loading will allow for the characterization of couplings by controlling the
loading level and a better understanding of their influence on the propagation of water hammer
transients. To better understand the origin of the detectability limits, two parameters representative of
real networks will be studied: the nature of the materials (polymer or metal) and the complexity of the
network. Furthermore, the nonlinear influence of leakage on the signals, which is currently poorly
understood, will be investigated. Its characterization analysis will complement the sensitivity analysis
and will be the subject of modeling work.

The planned steps are:

1. The characterization of the vibro-acoustic couplings of the test bench using acoustic, vibrational,
and water hammer sources

2. To study of the leakage influence onto recorded signals and optimization of the signal processing

3. To analyze the linearity or non-linearity of the effect of leakage on the signals

4. Study of the detectability limits versus the network complexity and the material

5. In addition to leakage, the effects of "singularity" (variations in the tube cross-section) on the
signals will also be analyzed in order to broaden the application potential of the work.
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Required skills: Taste for experimentation, knowledge of signal processing, acoustics,
hydraulics.
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