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A Study of Flutter Suppression of Rotating Labyrinth Seal
Utilizing Stator Fin
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In aero engines, a rotating labyrinth seal is commonly used to reduce the flow leakage. It is susceptible to flutter

vibration since its lower stiffness. The aim of this study is to investigate the way to suppress it effectively while

improving the flow leakage performance. To realize this, stator fin is introduced at upstream and downstream location

of the rotor seal fins and its effects of the flutter suppression are evaluated utilizing one-way fluid-structure interaction

(FSI) simulation. The simulation results show that upstream stator fin significantly improves the aeroelastic stability

and the detailed mechanism to enhance the stability is revealed. Through this study, a new method to suppress the

flutter with high leakage performance is established.
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Table 1 Specification of tested Labyrinth seal

Number of fin 4

Fin clearance 200 2 m

Support location Low pressure side

Clearance 200 um

NN NNNAN]
-
Flow

Tip Diameter
©=389.6mm

.
(a) Test labyrinth seal

(b) Unstable mode[2 ND]

Fig. 1 Test Labyrinth seal and unstable vibration mode

Clearance
200 um

(a) Case A (b) Case B

Fig. 2 Geometry of stator Fin
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Fig. 3 Simulation of stability evaluation[one-way FSI]
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Table 2 Boundary condition of CFD

Location Item Value
Total pressure 0.28[MPaA]
Inlet boundary | Total temperature 297.15[K]
Flow direction Normal to boundary
Outlet boundary | Static pressure 0.10[MPaA]
| e st | P ped Labrom
Other walls Non-slip, Adiabatic

Rotation speed
1,800 RPM

Inlet Boundary

(b) Cross sectional view

Fig. 4 Computational domain of flow simulation

Rotation Speed
1800 RPM

Fixed
Support

Fig. 5 Simulation settings[Modal analysis]
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Table 3 Simulated aerodynamic damping (Log-dec)
Mode Original Case A Case B
2 ND forward -0.0145 0.0484 -0.0419
2 ND backward -0.0107 0.0264 -0.0185
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Fig. 9 Pressure fluctuation level and phase difference
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Fig. 10 Mach number distribution around the cavity
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Fig. 12 Area of fin tip
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