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Experimental Research on Rotordynamic Characteristics of
Labyrinth Seals at High Inlet Preswirl

FANG Zhi, LI Zhigang, WANG Tianhao, XUE Wensong, LI Jun

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To better understand the rotordynamic characteristics of a labyrinth seal at high inlet
preswirl and elucidate the mechanism of instability induced by airflow, the rotordynamic
characteristic test rig of Xi’an Jiaotong University was utilized to research the effects of pressure
ratio and rotational speed on the rotordynamic characteristics of the labyrinth seal at high inlet
preswirl (preswirl ratio gy > 0.8). The frequency-dependent rotordynamic coefficients were
measured at two pressure ratios (x=3.0, 4.0) and three rotational speeds (n=23 000, 6 000,
12 000 r/min). The results show that at high inlet preswirl, the labyrinth seal had always a large
positive cross-coupled stiffness so that its effective damping was always negative, which was not
conducive to the stability and may cause instability of the rotor system. It is also shown that the
rotordynamic characteristics were significantly affected by the pressure ratio; As the ratio
increased, the direct stiffness increased greatly, the cross-coupled stiffness was always positive
and increased greatly, and the effective damping decreased significantly and that the rotordynamic

characteristics were slightly affected by the rotational speed: Direct stiffness and direct damping
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were insensitive to speed change and remained substantially unchanged, and the cross-coupled

stiffness increased slightly along with the speed increase, resulting in a slight decrease of effective

damping.

Keywords: labyrinth seal; rotordynamic characteristics; high inlet preswirl; pressure ratio; rota-

tional speed
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Fig. 1 Rotordynamic characteristic test rig for rotating seal
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Fig. 2 Geometric model of test measuring section
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Fig. 3 Measuring instruments on the seal stator
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Fig. 4 Example of measuring dynamic signals

TIRePE R B ARSCAE B M T AR WIE K52 SR
&k HAEE C LLEA B IE Cors JHAPEAl 28 F
B TR EN . AR e (DI R AR




90 [ I T BN

= %56 &

Xrb Q AR, BRI 8% B 5 7 3 iRk R
BRI ¥: 2 2% 30k . 925 & BT AT D 3 3 4%

F1 00 5 ] A SR BE A3k 1 s

Ccff:C_k/Q (1)

A1 EEMNFMEAREALNZER
Table 1 Measuring accuracy and range of the test instrument
RN E R IS A B B AR R iR 22 R

PR R B T +1.0% 0~0. 65 kg/s
PSI JE HH e +0.1% 0~0.69 MPa
N EE R 3mV/C 0.2% —50~100°C

R I O 0 B8 A% IR A 246. 24 mV/mm 0.1% 0~1 mm
Wik R T 1 mV/N 0.5% 0~1 000 N

TEPE =i 2 £ 1% 4% 100 mV/g 1.0% 0~6 g

2 REEHLEMA
Pl 5 45 T A S0 5 B W 9 Rk Y LA
P S Ry BT K R

102. 8 mm, BN 170 mm, KZ N 0.6, LK%
B R TIUE IR L T LA 7 A e R R . Pk P A AL
W 6 FfrR A B A 5 e 5 R FUESL
T L ABURE A RE Ry 607, FUBE B 42 36 AR 5L 0 B S
EHEE O ZE A 2 PR, SRR, A
U B 7 AR ] 1] B L AR 0E RR N S B B

K5 Scuk m o B A5

Fig. 5 Geometric construction of the test labyrinth seal
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Fig. 6 Geometric construction of the preswirl ring
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Fig. 7 Inlet preswirl velocity versus pressure ratio at

different rotational speed
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Fig. 12 Rotordynamic coefficients versus frequency for test

labyrinth seal at different rotational speed (x=4. 0)
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