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Effects of Layout of Rotor Components and Shaft Seal
on Rotor Vibration Characteristics for Rocket Turbopump

KAWASAKI Satoshi*!, KIKUCHI Ryu™?, ADACHI Kazuhiko"?

ABSTRACT

A rocket turbopump is a high-speed and high-power turbomachinery to feed the propellant
into the combustion chamber of a liquid rocket engine. Therefore, various problems of turbopump
rotor vibration had occurred in the past development. The Rotordynamic fluid force generated by
the shaft seal is affects to the vibration characteristics of the turbopump rotor. It has been reported
that the floating ring seal often applied to rocket turbopumps has a stabilizing effect on rotor
vibration. On the other hand, component layout of the turbopump rotor also affects to the vibration
characteristics.

In this study, we investigate effects of the component layout and the shaft seal position on the
rotor vibration characteristics by using complex eigenvalue analysis. The rotordynamic fluid force
of the floating ring seal is modeled using the cross-coupled stiffness. The computational results
showed that the cross-coupled stiffness of the floating ring seal is effective to improve the modal
damping ratios in some component layout. In addition, the effective position of the floating ring
seal on the turbopump rotor demonstrates the stabilization capability of the rotor vibration.

Keywords: Turbopump, Rocket engine, Floating ring seal, Rotordynamic fluid force,
Rotor vibration, Component layout, Stability
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Table 1  Specifications of the liquid hydrogen turbopump to be analyzed
Item Value, Type Item Value, Type
. Expander 2-stage centrifugal
Engine cycle system bleeIz)d cycle Pump impelgler with in%iucer
Engine thrust 300 kN Turbopump . 2-stage axial flow
system Turbine . .

Pump flow rate 7.8 kgls configuration impulse turbine
Pump discharge pressure 20 MPa Shaft seal | Floating ring seal
Turbine flow rate 1.5 kg/s Bearing | Angular ball bearing
Turbine inlet pressure 11 MPa
Turbine inlet temperature 632 K
Rotational speed 70,000 rpm
Shaft diameter 30 mm
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Fig. 2 Finite element model of liquid hydrogen turbopump rotor (typical component layout)
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Fig. 3 Schematic of floating ring seal for rocket
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Fig. 6 Modeling of rotordynamic fluid forces
of floating ring seal
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