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Abstract

In piping systems, pressure fluctuations induced by flow-induced acoustic resonance in combined
main-duct and blind-branch configurations can propagate both upstream and downstream along the
main duct. However, the influence of different branch configurations on the propagation characteris-
tics of pressure fluctuations remains unclear. In this study, large-eddy simulations were performed to
investigate flow-induced acoustic resonance in single and symmetric blind-branch configurations,
and dynamic mode decomposition was employed to analyze the spatial propagation characteristics of
pressure fluctuations. The results demonstrate significant differences in the pressure-fluctuation
propagation behaviors between the two configurations. For the single blind branch, the pressure fluc-
tuations are primarily governed by the first-order acoustic mode of the branch and propagate along
the upstream and downstream directions of the main duct. In contrast, the symmetric blind-branch
configuration modifies the frequency composition of pressure fluctuations in the main duct, exhibit-
ing a propagation behavior jointly influenced by the first-order acoustic mode and higher-frequency
components. The first-order acoustic mode represents the dominant fluctuation component of the
flow field, while the higher-frequency components and the second-order acoustic mode originate
from nonlinear aeroacoustic coupling and facilitate the propagation of pressure fluctuations from the
branches into the main duct. These findings provide preliminary insights into pressure-fluctuation
propagation characteristics in complex piping systems under specific operating conditions and offer
areference for further structural optimization studies.
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Figure 1. Schematic geometries of the single blind branch and symmetric blind branches
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Figure 2. Computational mesh
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Figure 3. Validation of the numerical simulation: (a) grid independence test; (b) experimental validation
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Figure 4. Time histories of pressure fluctuations at Uin =36.49 m/s: (a) single blind branch; (b) symmetric blind branches
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Figure 6. Frequency-domain analysis of pressure fluctuations in the symmetric blind branches at Uin = 36.49 m/s
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Figure 7. DMD analysis of the symmetric blind branches at Uin = 36.49 m/s: (a) eigenvalue distribution, (b) modal frequency
and amplitude distributions, (c) evolution of modal coefficients, (d) modal energy distribution and cumulative energy
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