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Study on Rotordynamic Characteristics of the Staggered-Tooth Labyrinth Seal

Mounting Anti-Swirl Brake with Upstream Rotor-Step in Steam Turbines
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Abstract: To improve the dynamic performance of multi-stage labyrinth seal on turbine shaft, the
structure design and performance evaluation of anti-swirl and vibration suppression are proposed for a

new type of anti-swirl brake with upstream rotor-step in two-stage labyrinth seal with staggered teeth.
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Firstly, four types of anti-swirl brakes for two-stage staggered-tooth labyrinth seal are designed in this
paper. In addition, a dynamic calculation model of labyrinth seal with “virtual bypass boundary” is
established to achieve accurate simulation in the pressure field and high swirl velocity field. Then, a
transient computational fluid dynamic CFD-based perturbation method based on the multiple-frequency
elliptical-orbit rotor whirling model is adopted to analyze the leakage characteristics and dynamic
characteristic coefficients of labyrinth seal with various anti-swirl brakes. Finally, the performance of
anti-swirl and vibration suppression is elucidated by analyzing swirl velocity development, velocity field
and dynamic pressure distribution of labyrinth seal. The results show that the labyrinth seal without
anti-swirl brake has the lowest leakage, and the addition of the one-stage traditional anti-swirl brake or
the one-stage anti-swirl brake with upstream rotor-step will reduce the number of seal teeth, resulting in
the increase of seal leakage (by about 4. 5%). Compared with the one-stage anti-swirl brake, the two-
stage anti-swirl brake can further increase the leakage by 5. 5%. Compared with the traditional anti-swirl
brake, the swirl brake with upstream rotor-step can decrease cross-coupled stiffness and increase the
effective damping. Compared with the one-stage anti-swirl brake, the cross-coupled stiffness of two-stage
anti-swirl brake can be further reduced and the direct damping can be increased, so the effective damping
can be significantly increased. Installing the upstream rotor-step on the basis of the traditional anti-swirl
brake can improve the anti-swirl performance and two-stage anti-swirl brake can effectively suppress the
development of swirl in the downstream of the seal. The research results show that compared with the
one-stage anti-swirl brake, the multi-stage anti-swirl brake has better performance of improving the
dynamic characteristics and suppressing the vibration.

Keywords: labyrinth seal; leakage characteristic; rotordynamic characteristic; swirl brake
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Fig. 1 The geometry model and parameters of five types of labyrinth seals
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Table 1 Geometrical dimensions and operation conditions
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Fig. 3 Computational model and mesh of labyrinth seals
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Fig. 4 Computational model of virtual bypass
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g. 6 Dynamic monitoring data of rotor motion and response
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Fig. 7 Prediction and test results of rotordynamic
coefficients for labyrinth seals with stator teeth at
different cases
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Table 3 Prediction results of leakage for labyrinth seals
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clearance for five types of labyrinth seals(A=0. 5)
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