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Abstract: To solve the rotor vibration instability induced by the fluid-response forces of the inter-
stage labyrinth seal in a liquid hydrogen turbopump, investigations on the scheme design of the hole-pat-
tern seal were carried, as well as the performance evaluation of the seal leakage and rotordynamic charac-
teristics. Total 25 seal schemes were designed for the liquid hydrogen hole-pattern seal, by the combina-
tion of various sealing clearances, hole diameters and hole depths. The effects of sealing clearance, hole

diameter and hole depth on the seal leakage characteristics were calculated and discussed for the liquid
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hydrogen hole-pattern seal, using a steady CFD ( computational fluid dynamics) numerical method. The
effects of hole diameter and hole depth on the seal rotordynamic characteristics also were predicted and
analyzed for the liquid hydrogen hole-pattern seal, using a transient CFD perturbation numerical method
based on the multi-frequency one-dimensional rotor whirling model, the mesh deformation technique and
the identification method of the rotordynamic force coefficients in frequency domain. Results show that
there is a critical value for the ratio of hole depth to the hole diameter ( H/D approaches to 0.5) where
the liquid hydrogen hole-pattern seal possesses the least leakage flow rate. The hole depth has a very weak
influence (less than 4.5%) on the leakage flow rate of the liquid hydrogen hole-pattern seal when H/D <
0. 5. The liquid hydrogen hole-pattern seal with the larger hole diameter generates the smaller effective
stiffness. The liquid hydrogen hole-pattern seal with the shallower hole depth generates the smaller effec-
tive stiffness and the larger effective damping. Comprehensively considering the seal leakage and rotordy-
namic characteristics, for the liquid hydrogen hole-pattern seal, it is better to choose the smaller sealing
clearance ,the larger hole diameter and the shallower hole depth with H/D <0. 5.
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Tab.1 Assembly dimensions and operation conditions of

the inter-stage seal in a liquid hydrogen turbopump
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Fig.1 Structure scheme of the liquid hydrogen

hole-pattern damper seal
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Fig. 3 Computational model and mesh of liquid hydrogen
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