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Rotordynamic Characteristics of Labyrinth Seals with Integrated Design
of Swirl Brake and Shaft Configuration

XUE Wensong, LI Zhigang, LI Jun
(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The rotordynamic characteristics of labyrinth seals with integrated design of swirl
brake and shaft configuration were studied to further improve the rotordynamic performance of
labyrinth seals. In this research, 4 types of labyrinth seal structures were covered, namely, the
labyrinth seal with inlet swirl brake (structure 1), the labyrinth seal with inlet and cavity swirl
brakes (structure 2), the labyrinth seal designed based on structure 2 with integrated cavity swirl
brake and rotor groove shaft (structure 3), and the labyrinth seal designed based on structure 2
with integrated cavity swirl brake and rotor convex shaft (structure 4). Their leakage and
rotordynamic characteristics under different preswirl conditions were comparatively analyzed by
using the unsteady Reynolds-averaged Navier-Stokes (RANS) numerical solution methods based
on the multi-frequency elliptical orbit rotor whirling model and the dynamic mesh model. The

obtained results show that compared with structure 1, the leakage flow rate and the cross-
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coupling stiffness of structures 3 and 4, especially structure 4, can be obviously reduced, the

positive effective damping of structures 3 and 4 increases by 48.7% — 144.1% and 59.8% —

254. 0% , respectively when the inlet preswirl ratio is 0. 84, and structures 3 and 4 can maintain

the maximum effective damping over the whole frequency range when the ratio increases to 1. 32.

It is thus concluded that labyrinth seals with integrated design can significantly enhance the rotor

stability, and this work can provide a design basis to further improve the rotordynamic

performance of labyrinth seals.

Keywords: labyrinth seal; swirl brake; shaft configuration; leakage flow; rotordynamic charac-

teristics
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Fig. 2 Labyrinth seals with integrated swirl brake and

shaft surface
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