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Abstract

This paper uses Fluent software numerical simulation to study the vortex rotor-seal flow field
with eccentricity of 5% and 10% and rotor whirl speed of 10% - 240% under different working
conditions (imported pre-spin, speed and pressure ratio), obtain the radial air force and tangen-
tial air force acting on the vortex rotor, and then analyze the effect of the air force on the rotor vi-
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bration. The research results show that the inlet pre-rotation speed has little effect on the radial
air force of the seal, but has a great influence on the tangential air force of the seal. The sealing
tangential airflow force at high speed will become positive under the high-frequency turbulence of
the rotor, which promotes the vortex of the rotor and may cause the instability of the rotor. The
higher the pressure ratio, the greater the sealing air force. The radial air flow force of the seal in-
creases with the increase of the rotor eccentricity, but the increase rate gradually slows down.
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Figure 1. Labyrinth seal calculation model
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Figure 2. Eccentric sealed flow field calculation grid
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Figure 3. The radial air force of the seal under different inlet pre-rotation changes with the vortex speed of the rotor (e = 5%)
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Figure 4. The change of seal tangential air force under different inlet pre-screws with rotor whirl speed (e = 5%)
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Figure 5. Change of air force per unit eccentricity with rotor whirl speed under different eccentricity (SR = 0)
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Figure 6. Change of air force per unit eccentricity with rotor whirl speed under different eccentricity (SR = 86.86%)
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Figure 7. Change of air force per unit eccentricity with rotor whirl speed under different eccentricity (SR = —86.86%)
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Figure 8. Seal dynamic characteristic coefficient under different imported pre-rotation ratio
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Figure 9. Whirl frequency ratio and effective damping coefficient under different inlet pre-swirls
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Figure 10. The change of seal radial air force with whirl frequency at different speeds (e = 5%)
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Figure 11. Change of seal tangential air force with whirl frequency at different speeds (e = 5%)
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Figure 12. The change of air force per unit eccentricity with rotor whirl frequency under different eccentricity (n = 2000 rpm)
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Figure 13. The change of air force per unit eccentricity with rotor whirl frequency under different eccentricity (n = 5000 rpm)
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Figure 14. The air force of the seal unit eccentricity varies with the vortex frequency of the rotor under different eccentricity
(n =10,000 rpm)
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Figure 15. Seal dynamic characteristic coefficient at different speeds

Bl 15. TREER TR N RY

15 45 AR N RS S R R . I 15(a) ATk, BEE R TEE, EE S X E &
Hsgok, HOutfE. d1P 15(o)al &, BRI RS A FOR TRy, HOWUE, RIEE R
AR AR L3 ) 5 8Om0 J5 1A A B, BHLLE %7 1) B8 KR Oy R e o R 15 (c) wl 1, 85 3 B4 PR
JE RABEAE Fod e RS, HYONIEE, AR T8 rIRshAaE . i 15(d) T, 58 NI
A HBE I PR G R, BSOS, AR 7 i IRsh AR E Tk .

K16 25t 1 AN T B s R LG £ AN P JE R % Ceo H11A] 16(a) W1, BB LU R
AR R, HE O TUE, IRAERETEFMHE, X TR RIIRACR .t 16(b)ar k. #EA
RUBHJE AR BB e I TR R, HAONIEE, DRSS e BMIRAE T, A B E R, X311

FIPRAE FH o o
0
4r 401+
8t
- o)
1l 20}
_16 L
1 Il 0 1 1
0 5000 10000 0 5000 10000
Fe/(rpm) i 18 /(rpm)
() TRBNHIR L3 B A8 1k (b) H2UBHJE REUPEFLH Bk

Figure 16. Whirl frequency ratio and effective damping coefficient at different speeds
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Figure 17. The change of the radial air force of the seal with the whirl speed of the rotor under different pressure ratios (e = 5%)
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Figure 18. Change of seal tangential air force with rotor whirl speed under different pressure ratio (e = 5%)
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Figure 19. The change of air force per unit eccentricity with the vortex frequency of the rotor under different eccentricity
(m=1.1)
E 19. FEMROET AR OESRAMEE FRsnEN (= 1.1)
250
400 -
300
—a— e=5%
320 350k ——c=10%
: £
Z, 240} £ 400l
% —8— e=5% §
o ——=10% S 4s0
~ 160 &
-500 -
80
0.0 05 1.0 15 2.0 25 %00 05 1.0 s 20 25
Q/n Q/n
(a) A7 Lo BE AR [7) S ) (b) FAr Lo BBV 1) i
Figure 20. The change of air force per unit eccentricity with rotor whirl frequency of the rotor under different eccentricity (n

=1.3)
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Figure 21. The change of air force per unit eccentricity with rotor whirl frequency of the rotor under different eccentricity (n
=1.54)
21, AEMRILCET BRI SR DM FRsnEMN T (r = 1.54)
02
-100 -
04}
-200 |
— 06 ~ -300 |
E £
2 08t & -400 -
¢ S
-1OF -500 -
-2} -600
12 14 1.6 12 14 1.6
T T
() ZC X Je R NE e 1Ak (b) FELBEMIBE R B ) A4k
24
-160 |
22+
20f -200 -
_18f
é L6l E 240
Z z
S 4T = 280}
12+
1.0+ 320+
0.8 L L 1 L
12 14 1.6 12 14 1.6
T V(A
(c) ELHEPH )8 R R WAL (d) 22 XM BE 2 Kb e TR 1Y) AR £k

Figure 22. Seal dynamic characteristic coefficient under different pressure ratio
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Figure 23. Whirl frequency ratio and effective damping coefficient under different pressure ratios
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