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Nonstationary Vibration Analysis of the High-Pressure Fuel Turbopump during
the Fast Acceleration Considering the Effect of Rotordynamic Fluid Force
(Comparison with the Synchronous Component of the Experimental Result)

Yuta ARAKI, Tsuyoshi INOUE, Masaharu UCHIUMI and Kazuhiko ADACHI

One of the main problems in the development of the rocket engine is the vibration problem of the fuel
turbopump (FTP). In this study, the nonstationary vibration during the fast acceleration of FTP is investigated.
The rotordynamic fluid force, damping effect of the wire-mesh-damper at the support parts, and rotating
cavitation force are considered in the modeling. The variation of the rotational speed and the cavitation
number obtained in the experiment are used as the input for the theoretical model, and the variation of the
vibration amplitude is calculated numerically. In the spectra of the experimental data, the super-harmonic
components and the asynchronous components which are not proportional to the rotational speed are observed
in addition to the synchronous component. Because the developed model considers only the synchronous
vibration, the synchronous component is extracted from the experimental data and compared with the
numerical simulation data. These experimental and numerical results agree quantitatively, and as a result, the
developed theoretical model is validated.

Key words: Turbopump, Vibration, Finite Element Method, Unsteady simulation
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Table 1 Assumed condition for the occurrence of the
cavitations 1.15@,1.0w and 0.8w

patterns of o Q, [rad/s]
cavitation ¢ ¢
011500 0.8 1.20w
1.15w
011501 0.6 1.10w
01 0ou 0.51 1.01lw
1.0w
0100l 0.49 0.99w
O08wu 0.41 0.82w
0.8w
Coau 0.39 0.78w

Table 2 Parameter values used in the model of the
cavitation force”

patterns of =

cavitation Q; [rad/s] Ag. [ o]
1.15w 1.150 13.34 0.014
1.0w 1.0w 9.532 0.003
0.8w 0.8w 2.224 0.007
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