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Abstract: The water hammer phenomenon is frequently observed in water conveyance pipeline systems, and it leads
to pipeline deformation and even pipe bursting. Existing numerical simulations of the water hammer are often based
on traditional water hammer theories, neglecting the unsteady frictional attenuation and Bragg resonance effects in
pipelines. Therefore, a comprehensive analysis of the frequency-domain response characteristics of the water hammer
and the Bragg resonance effect in pipelines can help address the issue of accurate numerical simulation of the water
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hammer in water supply pipelines, providing a theoretical basis for various pipeline system problems, such as
blockage and leakage detection. In this study, two models, i.e., atime-domain solution model coupling the method
of characteristics and the Vardy-Brown unsteady friction, and a frequency-domain solution model coupling the trans-
fer matrix method and the Vardy-Brown unsteady friction, were constructed. To verify the accuracy of the models, a
water hammer experimental platform was established. To validate the Bragg resonance effect in pipelines, the fre-
quency-domain solution model was used to analyze the influence of friction and measurement point location on the
frequency response function (FRF) and the dimensionless wave amplitude. Results showed that different initial pres-
sures and transient flow rates did not affect the distribution of the FRF resonance peaks (the resonance peaks refer to
the points where the FRF reaches its maximum value on the frequency response curve) in steel pipes. In addition, the
FRF resonance peak frequency was equal to the odd-multiplex of the theoretical frequency. The coefficient of determi-
nation (R*) for the time-domain solution model was 0.982 3, and that for the frequency-domain solution model was
0.924 9, indicating the accuracy of the two models constructed in this study. Under the influence of unsteady
friction, the resonance peak values corresponding to each theoretical frequency period exhibited varying degrees of
attenuation. Steady-state friction and unsteady friction did not affect the wave amplitude diagram, which could be
used to explain the influence of different friction types and different locations on the FRF resonance peaks. This study
validated the Bragg resonance effect in pipelines. When the measurement point was close to the antinode of the reso-
nance mode of the resonance peak, the peak value was the highest, and the resonance peak value showed nearly no
attenuation. When the measurement point was close to the node of the resonance mode of the resonance peak, the
peak value was the lowest, and the attenuation of the resonance peak value was more pronounced.

Keywords: time-domain solution model; frequency-domain solution model; unsteady friction; frequency response
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