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Abstract;: To enhance the aerodynamic performance of mid-span seals between the high-pressure
cylinder and the intermediate-pressure cylinder in turbines and suppress the vibration instability

of turbine shafts, a structural design and dynamic performance evaluation study was conducted on
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the inlet swirl brake for labyrinth seals with staggered teeth. Initially, a dynamic calculation
model of the labyrinth seal with a “virtual bypass boundary” was established to achieve accurate
simulation in the pressure field and high swirl velocity field. Subsequently, a transient
computational fluid dynamics (CFD) perturbation method based on the multiple-frequency
elliptical-orbit rotor whirling model was adopted to analyze the influence of the inlet swirl ratio
(0, 0.3, 0.5) on the dynamic characteristic coefficients of labyrinth seals without swirl brakes.
Ultimately, the performance of different swirl brakes in swirl and vibration suppression was
evaluated and the influence of the inclination angle and the number of swirl brakes on the leakage,
dynamic characteristic coefficients, and circumferential swirl ratio distribution was comparatively
analyzed. Results show that the leakage characteristics of labyrinth seals are insensitive to the
inclination angle and the number of swirl brakes (the variation of leakage is less than 0. 5%).
The inlet swirl can increase the cross-coupled stiffness and crossover frequency of labyrinth seals,
reduce the effective damping, and easily induce shaft instability. The swirl brake can significantly
reduce the cross-coupled stiffness of labyrinth seals (about 53%), reduce the crossover frequency
(about 24 Hz), and increase the effective damping while slightly increasing the leakage (about
4.5%). Compared with the straight swirl brake, the 45° reverse swirl brake can further reduce
the cross-coupled stiffness by about 14% , but the crossover frequency variation is less obvious.
When the number of swirl brakes increased from 36 to 72, the cross-coupled stiffness decreased
by about 24% and the crossover frequency decreased by about 5 Hz. When the number of swirl
brakes increased from 72 to 144, the dynamic characteristics of the seal would be insensitive to
the number of swirl brakes. Considering the processing cost as well as the swirl and vibration
suppression performance, labyrinth seals with 72 straight swirl brakes are the best. The research
results can provide a reference for the design of swirl brakes for labyrinth seals with staggered
teeth.

Keywords: labyrinth seal; leakage characteristic; rotordynamic characteristic; computational

fluid dynamics; swirl brake
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Fig. 1 The geometry model and parameters of labyrinth seal without swirl brakes
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Fig. 2 The Geometry model and parameters of labyrinth seal with swirl brakes (n=72)
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Table 1 Geometrical dimensions and operation conditions
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Fig. 7 Prediction results of rotordynamic coefficients of
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Fig. 11 Swirl ratio distribution along the axial line in seal

clearance for three types of labyrinth seals
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Fig. 13 Prediction results of rotordynamic coefficients for
labyrinth seals with different numbers of swirl brakes
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