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Abstract The high-speed turbopump in cryogenic liquid rocket engines is composed of some important
tribological basic components constrained by small gaps, such as multistage floating-ring seals, shaft end
mechanical seal, rolling bearings, etc. The inter-coupling of fluids in gaps and multiple solid components
has an effect on the dynamic behavior of the whole rotor system. Therefore, the study on the mechanism
of dynamic behavior evolution has become the theoretical basis for the development of the whole rotor sys-
tem towards higher performance and more extreme conditions ( high-speed, high-pressure, low/high-tem-
perature ). Firstly, considering the fluid film thickness equation, dynamic Reynolds equation, lubricant
property equation and force balance equation of the support spring element, the thermoelastic flow model

of the mechanical seal and the dynamic performance analysis model of the floating-ring seal are construc-
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ted. Secondly, by coupling the above models for tribological components, a dynamic model for the rotor

system of the high-speed turbopump containing the mechanical seal, floating-ring seal, and rolling bear-

ings are developed. Finally, a numerical method for the above dynamic model is proposed, and the evo-

lution mechanism of the dynamic behavior of the turbopump system under typical working conditions is

discussed. The results show that the combined floating-ring seals have little effect on critical characteris-

tics and lead to an increase in the transient response of the system and a decrease in unstable speed.
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Fig.1 Kinematic diagram of floating-ring seal
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Fig.2 Diagram of rotor and stator for mechanical seal
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Fig.3 Dynamic model of the combined

seal-bearing-rotor system
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Fig.4 Degrees of freedom for elastic shaft
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Fig. 6 Stiffness of the floating-ring with eccentricity
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