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Analysis on rotor dynamic of a turbopump considering

seal coupling effect
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2. Science and Technology on Liquid Rocket Engine Laboratory, Xi’an 710100, China)

Abstract :In the turbopump of a liquid rocket engine, the stiffness coefficient and the damping coef-
ficient introduced by the annular seal with small gap vary with the rotating speed of the rotor, showing as
the weak coupling effect, and then it has further impacts on dynamic characteristics of the rotor system.
To obtain the influence of the seal coupling effects on the rotordynamic characteristics of turbopump, the
dynamic equations of the rotor-seal system were derived based on the finite element method and the matrix
operation method. A coupling solving method considering the variation of seal dynamic coefficient with the
operating conditions of turbopump was proposed, and the influence of the seal coupling effect on the criti-
cal speed and unbalance response of the rotor system was achieved. The results show that the first-order
and the second-order critical speeds of the rotor system increase obviously when considering the seal

effects, and the second-order critical speed increases more significantly. With the increase of the support
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stiffness of the turbine end, the effect of seal on the first-order critical speed is enhanced, and the varia-

tion amplitude increases from 8. 13 % to 37. 42 % . The unbalanced response of the key components in tur-

bopump rotor system dramatically reduces due to the introduction of seal damping, and the reduction can

be more than 50 %.
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Fig.2 Finite element model of turbopump rotor system
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Tab.1 Comparison between simulation results and test results
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Tab.2 Seal geometry and operating parameters
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Fig.4 Seal stiffness coefficientat different working speeds
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