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Dynamic Performance of Finger Seals under Rotor Tilt Conditions
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Abstract: To investigate the influences of rotor tilt on the performance of finger seals, a 3D finite ele-
ment model incorporating rotor tilt was developed, and a corresponding method for leakage rate calculation
was proposed. The effects of tilt reference positions and tilt angles on seal displacement, contact pressure,
leakage clearance, and flow paths were systematically analyzed. The results indicate that rotor tilt signifi-
cantly increases system leakage . and the leakage at a 2° tilt exceeds 3 times leakage at 0°. When the rotor is
tilted , the contact pressure of the lower finger boots decreases. In finger lift-off phase. the leakage path ex-
hibits a stepped profile axially and asymmetric wedge-shaped distributions circumferentially , with pad warp-

ing severity increasing with tilt angles.
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Fig.1 Schematic diagram of finger seal structure
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Fig.3 Finger seal finite element analysis model
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Fig.5 Grid independence verification
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different datum

BT AR A7y B2 1 s b 4 Q422 ok T T 1 O 5 B
REG T B R 2 ¥l ) 42 il R 7 /N T R AR R 2R
BepEfh R . AE i, =1 SR MEDL L AR QMY A
KOF ¥ 45 fil K S L 0=0"#Y 0.73 MPa # fin 5
9=2"1) 1.52 MPa; T &B45 5 ¥t 5 KV Y42 ik J& )
M O=0"Hy 0.75 MPa 3 /N ] 6=2"1 0.36 MPa,
18 B 2 ARG DR T S B I A 4 A R T
Y /N T B IR 2 kR AT, 4, = 3 R oA R
bl . 2 il s g 0% 8 23 im0k B A T
WG R G S 48 S BEES H R, B R e e
F2 fib FE ) WA ]38 25 S BB I A4 5] B Rl 2
A RS . bR Q52 e ) Z i £ 1)



A

e TBURDIRZS T B 48 R 5 5 S B R e

FAE SR 4

CJr F 8 — D B9 5 Hs 38 K i 2R 1) A E 45
T WU T AE AR ) Bk Bl I 2 5 e AR i 2 R 2 7 AR
EUPNOES R
4.5 B TR X 2 E R R B YR 0

AR SCHETE I 6 R F 15 AR B H O 60 47 2R i
TRt D N DA = 2 - S g i T T DN A A
2 [N MG 220 4 QL TS O B S . 2 o = ZE i
s 308 38 I » 516 X 8 2 B RS TR 1Y Y AR AR R AT —
. RN e

LT T
=
Lmax — Lmi
(12)
r_ 2T 7 Zmin
=
Tmax — Zmin

X e AR N [—3.73X10 %, 3.73X 10 *] ik 5} 5
[0, 1.4 ZAehR AL —1}X 10, 0Jme 5 30, 1],
& 15 Ky 6=0"i} 45 A it 5 5% 43 25 J5 0y ik e
W = e/ . 0=0"F, b 30 U Al B AH %5 L i
R AR A — 2. TR AR R T oy B B BL Y
BB I KSR AEAE . AR 2R i Yl 388 3 P
b T R CFE T R R T A B LS 52
F& 2 1t Vi 388 A 9% e AR T Al 2 ke U 3 Y v
JE B BRI R . i R il J 3 it Y 3 1 R B K T4
2 Bl AR 3 TE f R KO R TR AR R At .
i 2 v gl ) 2 150 A i 2 % s 4 R A A it
PRSI0 a5 R B0, 48 A il T R AR

oo
(=]

RN y/um
5

RN y/um

(c)0=2° ki

5 9 it 10 788 o P 2 220 W B JRE ) S 4 B T D
UL E T il e S AR T ) S A (R A
AR R R DR W A3 e ] B A
A G 9 30 3 R AR AR

52

o B

I8 QQQ\\O»
SN\ VKNSR
(IR

.

2> 2RO
RG5>

Ve,

*%&,’

181 0
AR LR
R = B

B 15 0=0°"%#THHtRRE

Fig.15 Leakage passage under the condition of 6= 0°

K168 i=1,0=1", 0=2"1 it s I 8 = 4
Bl 0=1"f, L &4 2 Mtk U it 18 54 %55 32 B o Js )
2 IR AN 3G O, T AR A O i e O 18 A4 s B e TR
) E AR LM . 5 0=0"H LL . 0=1"1" % £ i
T A 1) B B B AR AR S A S . 0=2"1F L A5 SR AR R
e T 9L 3 49 R T A AR A R {EL R O i i
i 30 T A e 2 S PR B 2 % it U ) 75 EE A
AN THRER B, 0=2"1 4R A O i R T 0=1°
IUEFRANE {coY R

RN y/um

e}
(=}

60
40

RN y/um

20
0

1
i
RHEW 57 MU

80
60
40

RN y/um

20
05
AR

(d)0=2°"F

El16 i,=1.0=1°%06=2°"& & T 8yttiFmE
Fig.16 i,=1.0=1° and 6=2° for leakage channels

IO R4 F5 3 AR TR A, 4, =5 56 o A7 B A Ak 1) 4

R B AR G0 MR R R K s 3 AP R ME AL (=1, 3,

SHMUREZ& AT 18 R %% 5 22 ¢ 1) 1t T 25 40 Bl fi A

FARE I R MI0E C L 0=2" R GE it T A% 0=0°
- 133 -



hEHL T AR 37 B 2 13 2026 51 H

3%

2) 46 42 W fh b 7 R AR AR L 1R AR AR #
2 fi 7 B 0GR A7 B 38 T B R, T 4 AR ik 1
S fil P 0 /IS T AR AR B 0 S 2 4 kg, 1
Rl R Ty AN TR 2 5 B AR B R 38 4

3) Z W& AR HR I BB W S L AE R RS
3 B B B 2 i U 37 3V 1) S IR LT
EES W N 0L 5N

A)F 2 6 1 3 A} A R B T K

SE Xk

[1] WANG Lina, CHEN Guoding, SU Hua, et al. Effect of
Work Status on Leakage and Contact Pressure of C/C Com-
posite Finger Seal[ J]. Proceedings of the Institution of Me-
chanical Engineers, Part C: Journal of Mechanical Engi-
neering Science, 2017, 231(5): 925-940.

[2] ZHAO Hailin, CHEN Guoding, WANG Li'na, et al. Dy~
namic Performance of a C/C Composite Finger Seal in a
Tilting Mode [ J]. Chinese Journal of Aeronautics, 2017,
30(4) : 1603-1614. WANG Lina, et al. Dynamic Analysis
of Finger Seal in the Complex Working State[ J]. Proceed-
ings of the Institution of Mechanical Engineers. Part G:
Journal of Aerospace Engineering, 2019, 233(1): 125-137.

[3] ZHAOH, CHEN G, WANG L N, et al. Dynamic Perfor-
mance of a C/C Composite Finger Seal in a Tilting Mode
[J]. Chinese Journal of Aeronautics, 2017, 30(4): 1603-
1614.

[4] ANDRES L S. Effect of Shaft Misalignment on the Dy-
namic Force Response of Annular Pressure Seals[ J]. Tri-
bology Transactions, 1993, 36(2): 173-182.

(5] WRZEMR. K748 . BURE I, T X0 % 5 3 A S 5 1 A 52 T

(1], 3y TR %4 . 2017, 37(3): 213-217.
CHEN Ciwei, ZHANG Wanfu. Effects of Tilting Rotor on
Fluid-induced Vibration Characteristics of a Labyrinth Seal
[J]. Journal of Chinese Society of Power Engineering,
2017, 37(3). 213-217.

[61 R K, SKITHE. WD, 55 5 TR 32 5 2Rk o
R AR L T]. A £ 4, 2020, 41C11): 123782.
WANG Yingfei, ZHANG Wanfu, PAN Bo, et al. Effect
of Shaft Misalignment on Dynamic and Static Characteris-
tics of Interlocking Labyrinth Seals[J]. Acta Aeronautica
et Astronautica Sinica, 2020, 41(11): 123782.

[7]  BREE. e, EEL, & R HML S e A IR
JEa BT AL Tk R 274, 2002, 20(2) : 218-221.
CHEN Guoding, XU Hua, YU Lie, et al. On Selecting
Proper Shape of Finger Seal[J]. Journal of Northwestern
Polytechnical University, 2002, 20(2): 218-221.

(8] BREE. RRK . Jr5 B AR ES R X8 9 % B BE 52

MEEELT ], hEHLGE TR . 2004, 15(1): 11-13.
CHEN Guoding, WU Haotian. Research to the Influence
of Aft Cover Plate Construction on the Finger Seal Perfor-
mances[ J]. China Mechanical Engineering, 2004, 15(1) .
11-13.

[91 kel xUEL. WM. 55 . 5T A RO LAY R 5 £
o ) A5 T e 2 A D7 BR[0T, M HEHOR L 2016, 37(12) .
2352-2358.

ZHANG Yanchao, LIU Kai, HU Haitao, et al. Quasi-dy-
namic Performances Analysis of Finger Seal Based on Fi-
nite Element Simulation[ J]. Journal of Propulsion Technol-

- 134 -

ogy.s 2016, 37(12): 2352-2358.

[10] R, PRIEE . B JE . 5% £ 8h A PERE 4 b 5 it
BRI A 2R, 2009, 30C11): 2193-2199.
ZHANG Yanchao, CHEN Guoding, SHEN Xiaolong.
Analysis of Dynamic Performance and Leakage for Finger
Seal[[J]. Acta Aeronautica et Astronautica Sinica, 2009,
30(11): 2193-2199.

(110 UK, JRHe . BB ME . 6 T UL 161 RS 45 Y UL i i =CdE AR

WS SRR AT LT]. ML B ) 2l 2025, 40(2) .
486-498.
YUAN Jinglin, SU Hua, HUANG Yuhui. Dynamic Per-
formance Analysis of Double Interlocking Padded Finger
Seal Based on Fluid-structure Interaction[J]. Journal of
Aerospace Power, 2025, 40(2): 486-498.

(127 Ak, BREE . Jnke . 5 EORUDEE 5 I AR 9 15 22 % 4 1

W M e Ax AT LI]. AL DR A= 4R . 2020, 56 (3) :
152-161.
ZHAO Hailin, CHEN Guoding, SU Hua. Analysis of To-
tal Leakage Performance of Finger Seal Considering the
Rough Seepage Effect[ J]. Journal of Mechanical Engineer-
ing, 2020, 56(3): 152-161.

[13] SREEM . 188 ARG PERE 0 M AL AL 52D . P % . 94
BTl R L 2009.

Zhang Yanchao. Performance Analysis and Optimization
Research of Finger Seal[D]. Xi’an: Northwestern Poly-
technical University , 2009.

[14] fArBams . BESG8MC/CEAMEZEE EHRREHN

BASMEREHTLD ] Y% P AL Tl K%, 2013,
Yu Qiang Peng. Dynamic Performance Analysis of Multi-
layer Finger Seal Made of Cobalt-based Alloys and C/C
Composites[D]. Xi’an: Northwestern Polytechnical Uni-
versity, 2013.

[15] EFIME. %R TAEREM C/CHE G M EHE R H 35k
REMFSE[ D 1. 762 . 7GL Tl K2 2016.

WANG Lina. Research on Dynamic Performance of C/C
Composite Finger Seal under Considering Work Status
[D]. Xian: Northwestern Polytechnical University , 2016.

(16 TATME, BRI, 54, &% . B RARE AN C/CHAM

RHE IR B FHBTERLT ] HREE Tl K224, 2016, 48
(7): 135-139.
WANG Lina, CHEN Guoding, SU Hua, et al. Dynamic
Performance of C/C Composite Finger Seal Considering
Assembly Condition [J]. Journal of Harbin Institute of
Technology. 2016, 48(7): 135-139.

[17] LU Fei. LIU Jian. LU Hongyan. Experimental Study on
Leakage and Wear Characteristics of C/C Composite Fin-
ger Seal[J]. Industrial Lubrication and Tribology, 2020,
72(10): 1133-1138.

(HEE K F)

EE @B &4, B 1999 45 1F 0 HBFITLE . BFSE 7 1) My 3 1
5% #f , E-mail: s15514701776@163. com. # % (i {5 1F
B 1986 4 AL Rl 4z . WF T 5 1 R U S B B B

2%, E-mail: lufei@haust. edu. cn,

AL

AE RS E L RE R A R T BURDIR S T A6 QW B Bl A Pk e
[T v HLA T, 2026, 37(1) : 126-134.

SHI Yansong, LU Fei, ZHOU Zhigang, et al. Dynamic Perfor-
mance of Finger Seals under Rotor Tilt Conditions[ J]. China Me-
chanical Engineering,2026,37(1):126-134.



