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Rotordynamic characteristics analysis and suppression vibration
mechanism of taper clearance hole-pattern damper seal

SUN Dan', LI Shengyuan', XIAO Zhonghui*,
MENG Jigang®s, HU Yong®’, YU Xiaodan®
(1. Liaoning Key Lab of Advanced Test Technology for Aerospace Propulsion System,
Faculty of Aerospace Engineering,
Shenyang Aerospace University, Shenyang 110136, China;
2. Collaborative Innovation Center of Major Machine Manufacturing in Liaoning,

Shenyang Blower Works Group Company Limited, Shenyang 110142, China)

Abstract: A solution model of the rotor dynamic characteristics for taper clearance hole-
pattern damper seal using unsteady transient solution combined with mesh deformation tech-
nique was established. The influences of taper degrees and whirling frequencies on the leak-
age rates, rotor dynamic characteristics, and suppression vibration mechanism of taper hole-

pattern damper seal were studied. Results showed that, the leakage straight-through effect
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of the hole-pattern damper seals was enhanced by taper clearance, which increased the leak-
age rates. The leakage rates of convergent-clearance hole-pattern damper seals were less than
the divergent-clearance hole-pattern damper seals when there was the same average seal
clearance. The stiffness coefficients increased with the increase of taper degrees, while there
was an opposite trend for the damping coefficients under the same whirling frequency of the
rotor. The convergent-taper hole-pattern damper seals had large positive direct stiffness, and
increased the natural frequency of rotor system, while divergent-taper hole-pattern damping
seals had large negative direct stiffness. The convergent-taper hole-pattern damping seals
had large effective stiffness and cross-over frequency, and small effective damping. The di-
vergent-taper hole-pattern damper seals had large effective damping, small effective stiffness
and cross-over frequency. The concentricity and the natural frequency of rotor system should

be considered when design of taper clearance hole-pattern damper seals.

Key words: hole-pattern damper seal; taper clearance; rotordynamic characteristics;

suppression vibration mechanism; rotor stability

I T AR BILAR Y O B 1 L STt Y 4 B 4
R BT AT i v s e ML AW B T A R RN e 1 AR
PEL B W A LA T AE A S O AR TR
e B8 2k B B B0 3 0 R B2 L O A B O
PR e FE TR ERRENZ —. A 20
{22 80 AFAX LK B JE % £f 75 1 5 ALAK b 4% 21 )i
TR L T e 5 BHLJE %% L FL BB JE B B AL
il 2 T2 AT B A AR A I T T3z A
LI 7n o G2 A 8 R R4 LI HE A 111 b A
S A5 AL e FL LB JE A T

FLAIBH e %

1 B R Y FLEYRE e 5

Fig.1 Hole-pattern damper seal in

centrifugal compressor
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Fig. 2 Diagram of movement of the rotor in seal
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Fig. 3 Taper-clearance hole-pattern damper seals in

centrifugal compressor
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Table 1 Geometrical parameters of equal clearance and

taper-clearance of hole-pattern damper seal
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Fig.4 Structural parameters of holes pattern
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Table 2 Comparison of the results in the present paper

and the experimental results of Ref, [14]
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Table 3 Influence of taper degrees on leakage

characteristics of hole-pattern damper seal
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Fig. 10 Influence of whirling frequencies on rotordynamic

characteristics of hole-pattern damper seal
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