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Abstract: To reveal the influence of hold depth on the sealing performance and dynamic
characteristics of hole-pattern damper seals, and to explore the optimal hold depth scheme, this
paper employs an unsteady multi-frequency perturbation numerical method to investigate the
leakage and dynamic characteristics of hole-pattern damper seals at different depths. First, the
accuracy of the numerical method is validated by comparing the leakage amounts and dynamic
characteristic coefficients of hole-pattern damper seals at three different depths with experimental
data. Then, the leakage amounts of hole-pattern damper seals with three different diameters
(D=2.0, 3.175, 5.0 mm) and continuously varying depths (depth-to-diameter ratio A, =0. 1—1. 25)
are calculated and analyzed. Finally, the dynamic characteristic coefficients, chamber dynamic pressures,

and vortex velocity developments of the seals under two types of inlet pre-rotation (¢, =0, 0.5) and five
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different depths (H=0.5, 1.0, 1.9, 3.3, 6.6 mm, D=3. 175 mm) are evaluated. Numerical results

indicate that the depth-to-diameter ratio A, is a key geometric parameter affecting the leakage

characteristics of hole-pattern seals. From the perspective of sealing performance, A,=0.4—0.5

represents the optimal hole depth scheme, at which the leakage amounts for different diameters

reach their minimum.

In terms of dynamic stability, hole-pattern damper seals with smaller

depths exhibit better dynamic stability. When determining the optimal hold depth, it is necessary

to consider the impact of contaminant deposition and corrosion wear, avoiding excessively small

depths (H=1.0 mm).

Keywords: hole-pattern seal; leakage characteristic; rotordynamic characteristic; the ratio of hole

depth and hole diameter; multiple-frequency whirling numerical simulation
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Table 1 Geometrical parameters and operational conditionst**

e BAE
ABHKT pi/MPa 7.00
HEES p,/MPa 3.50

ADEE T./C 17.40
ik w/(r s min 1) 20 200
A E T H 0, 0.5
F AR r/mm 57.37
FEHKE L/mm 85. 70
ZmE P C,/mm 0. 20

L% D/mm 2.0, 3.175, 5.0

FLIE H/mm 0.50~6. 60
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Fig. 2 Computational models and meshes for HPS seals
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Fig. 11 Rotordynamic force coefficients versus vibration

frequency without inlet preswirl
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