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Study of the Dynamic Characteristics of a High-Pressure Labyrinth Seal Considering

Rotor Whirling
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This article describes the calculation procedure for the dynamic characteristics of a high-pressure
labyrinth seal wherein the friction force and rotor whirling force are considered; SFCP, the
commercial code developed by Lee and two colleagues, is used in the procedure. The simulation
results were reviewed in comparison to those of the experiments provided by Benckert;
additionally, the SFCP simulation results were verified using the CFD analysis presented by
Toshio Hirano. This calculation procedure may therefore be applied to the dynamic characteristics
of the labyrinth seals of high-pressure turbo machinery.
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Fig. 1 Orbit of the rotor center with whirl motion
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Fig.2 Rotor center location when the reaction forces
were calculated
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Table 1 Comparison of cross-coupled stiffness of a high
pressure air seal using Benckert, Gans and

SFCP
Case 1 2
P [bar] 160 20
C [m/s] 150 150
N 4 31
L [mm)] 5 5
Ks; (Benckert) [x10° N/m] 9.0 -25.0
K, (Gans) [x10° N/m] -8.7 273
Ky (SFPC) [x10° N/m] 93 -17.9

Table 2 Comparison of cross-coupled stifthess of a low
pressure air seal using Benckert, Gans and

SFCP
| | Case 1 2 3 4
io=svas] | p=porar |- K, K Cr, Cn P [bar] 1.9442.448 | 1.944 |2.448
C [m/s] 61 | 61 | 61 | 61
l 1 N 18 | 18] 9 | 9
o ot L [mm] 4.93 | 4.93 |10.01{10.01
9, AP/ P) F, .F, Ko, (Benckert) [x10* N/m] | -2.84 | -4.05 | -2.63 | -3.75
Ko, (Gans) [x10* N/m] | -5.18 |-6.39 | -3.47 | -4.45
Kao; (SFPC) [10° N/m] | -4.62 |-5.87 | -2.84]-3.72
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Fig. 3 Flow chart of the seal force calculation program
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Fig. 4 Shape model of the labyrinth seal chamber

Table 3 Boundary condition of CFD analysis
N H [mm] I [mm] R [mm]
11 7 7 275
P; [bar] ® [rpm]
147 130 0.78 3600
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Fig. 5 Dynamic stiffness of T. Hirano’s CFD analysis for
an air compressor labyrinth seal®
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