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Study of Acoustic Cavitation Surge in a Turbopump
using One-dimensional Instability Analyses*

Hideaki NANRI ™, Naoki TANI?, Hiroki KANNAN™ and Yoshiki YOSHIDA™

Abstract

In a liquid rocket engine, cavitation in an inducer of a turbopump sometimes causes instability
phenomena when the inducer is operated at low inlet pressure. Cavitation surge (auto-oscillation), one
such instability phenomenon, has been discussed mainly based on an inertia model assuming
incompressible flow. When the inertia model is used, the frequency of the cavitation surge decreases
continuously as the inlet pressure of the turbopump decreases. However, we obtained interesting
experimental result in which the frequency of cavitation surge varied discontinuously. Therefore, we
employed one-dimensional instability analysis based on an acoustic model in which the fluid is
assumed to be compressible. Then, the analytical result qualitatively corresponded with the
experimental result. Using the analytical model, we investigated the effect of a phase lag/lead of
unsteady cavitation characteristics on cavitation surge. The phase lag/lead of cavitation compliance
was found to strongly affect the instability of cavitation surge, even though the phase of the mass flow
gain factor does not so. An actual liquid rocket propulsion system is usually equipping a POGO
suppression device (PSD), then, we installed the PSD in the test facility and acquired data.
Furthermore, we modified the analytical model to evaluate the effect of the PSD. The frequency of
cavitation surge was found to basically become the Helmholtz frequency, calculated with the
cavitation compliance and the length of pipeline between the PSD and the turbopump. When the
frequency of cavitation surge matches one of the acoustic resonance frequency of inlet pipeline, the
cavitation surge is strongly excited. The agreement between the experimental result and the analytical
result is fairly good.
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