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Experimental Study on Self-Excited Oscillation of an Elastic Tube

Xia Zhenyan, Zhao Zihao
(School of Mechanical Engineering, Tianjin University, Tianjin 300350, China)

Abstract: As an increasing number of diseases are related to the self-excited oscillation of various fluid conduits in
animal bodies, these phenomena must be taken seriously. Herein, we used elastic tubes to simulate the fluid trans-
port channels in the animal body to explore the principles and characteristics of elastic tube self-excited oscillation
with potential applications in biomedicine and other fields. Particle image velocimetry (PIV) was used to arrange the
flow field loops. A total of 104 sets of data were collected under varied experimental conditions, including variations
in solution types, flow rates, and airbag pressures. Fundamental flow field analysis, pressure energy spectrum
analysis, velocity energy spectrum analysis, and proper orthogonal decomposition analysis had been explored from
multiple dimensions to examine the influence of external conditions on self-excited oscillation. Finally, the results
obtained from each method were compared and analyzed. Notably, the results of all methods were well-coupled,
demonstrating the validity of the experiment and analysis. We analyzed and defined the boundary conditions under
which self-excited oscillation could and could not occur. Thereafter, we discussed in detail the specific process of
transition under the test conditions. Then, we examined and discussed the energy changes in the flow field when self-
excited oscillation occured versus when it did not. Furthermore, the effects of flow direction and oscillation mode
under each working condition were explored. Finally, the linear relationship between external conditions and the oc-
currence of self-excited oscillation was established. Several substantial conclusions were drawn regarding convection-
solid coupling and medical applications.
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Fig.3 Comparison of oscillation waveforms under the
same flow velocity but different external pressure
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Fig.11 Series of oscillation modes
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