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Investigation on the Rotordynamic Characteristics of
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Abstract: The airflow excited rotordynamic characteristics of labyrinth seal with swirl brakes at
two different inlet preswirl ratios were numerically investigated by solving the unsteady
Reynolds-average Navier-Stokes equation based on the multi-frequency elliptical orbit rotor
whirling mode and dynamic mesh technique. The average circumferential velocity, leakage flow
rate and rotordynamic coefficients of labyrinth seal with inlet swirl brake (Design 2) or double
swirl brakes (Design 3), or without swirl brake (Design 1), were analyzed at two different inlet
preswirl ratios of 0.13 or 1.32. The numerically predicted leakage flow rate and rotordynamic
coefficient of experimental labyrinth seal without swirl brake (Design 1) agreed very well with

the experimental data, so the accuracy of the used numerical method was validated. The obtained
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results show that the direct stiffness and the effective damping of Design 1 decrease’ and the
direct damping and cross-coupling stiffness increase’ at higher inlet preswirls. The cross-coupling
stiffness of Design 2 decreases by 63.3% —86. 3% compared with Design 1 at the inlet preswirl
ratio of 1. 32. The cross-coupling stiffness of Design 3 decreases by 12. 9% — 39.4% compared
with Design 2 at the inlet preswirl ratio of 1. 32. The cross-coupling stiffness of Design 2 is less
than zero at the inlet preswirl ratio of 0. 13. The magnitude of negative cross-coupling stiffness of
Design 3 increases by 24. 4% —153. 0% compared to Design 2 at the inlet preswirl ratio of 0. 13.
Design 2 reduces the crossover frequency of effective damping from 175.1 Hz to 28.3 Hz
compared with Design 1 when the inlet preswirl ratio is 1. 32. Design 2 adds 31. 5% —60.0% to
the effective damping after 20 Hz compared with Design 1 when the inlet preswirl ratio is 0. 13.
Design 3 eliminates the crossover frequency of effective damping compared with Design 2 when
the inlet preswirl ratio is 1. 32. Design 3 adds 26. 9% —38.0% to the effective damping after 20
Hz compared with Design 1 when the inlet preswirl ratio is 0. 13. Adding double swirl brakes in
Design 3 would slightly reduce the direct stiffness and cross-coupling stiffness and increase the
direct damping compared with Design 2 at different inlet preswirl ratio. This research can provide

a reference for the swirl brake design to improve rotordynamic characteristics of labyrinth seals.
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Fig. 3 Labyrinth seal geometry and test seal
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Fig. 8 Rotordynamic coefficients vs whirling frequency
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