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Abstract: Contacting finger seal is inevitably worn during the working process. Then wear will affect the
leakage characteristics of the seal and the efficiency of the rotating machinery. In order to study the effects of wear
on the leakage characteristics of finger seal , the authors proposed a transient leakage characteristics analysis mod-
el of finger seal based on the porous medium leakage analysis model while the centrifugal expansion of rotor and
wear effect are considered, and the effects of rotating speed and initial assembly interference on wear and its cor-
responding leakage characteristics of finger seal are also numerically simulated. Results indicated that the leak-
age characteristics of finger seal decrease at first and then increase with runtime while wear effect is considered.
The lower the rotating speed is, the longer the runtime required to reach the minimum leakage of finger seal , how-
ever, the minimum leakages and their corresponding transient fit interferences are the same at each rotating
speed. The smaller the initial assembly interference is, the shorter the runtime required to reach the minimum

leakage of finger seal, however, the transient fit interferences corresponding to the minimum leakages are the
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same at each initial assembly interference. In addition, the larger the pressure difference across the seal is, the

larger the leakage of finger seal at arbitrary runtime.

Key words: Contacting finger seal; Wear; Porous media model; Transient leakage characteristics; Ro-

tating machinery
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Table 1 Structure parameters of the finger seal

Parameters Value

Seal inner diameter D,/mm 160
Numbers of finger laminates Z 4

Laminate thickness b/mm 0.3

Finger beam arcs’ centers diameter D, /mm 43
Finger beam arc radius R /mm 85

Finger foot upper diameter D;/mm 163

Finger base diameter D, /mm 187

Finger foot repeat angle for free state a’/(°) 4.7

Finger interstice width for free state / j/mm 0.4
Number of fingers for each laminate N 72
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1) Rivet; 2) Indexing and rivet holes; 3) Spacer; 4) Forward cover plate; 5) Finger seal laminates;
6) Rotating shaft; 7) Aft cover plate; 8) Finger beam; 9) Finger foot

Fig. 1 Contacting finger seal structure
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Fig.2 Representative macro volume of finger beam field
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Fig. 4 Finite element analysis model of a single finger
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Fig. 5 Representative macro volume of finger foot field

(2) 48 1 52 P iz % o % 3% 1 B i o0 5 Bk 3
S PEURRE B 5 e 1 2 6] A TC A 3 A )y
i AN o B kLA A A5 o B g TR W T R
4 5 T AR O B N T RC A e, BB B R
¥ 1 Bk BAT B A B E VR AR SO B AR B 5 5
5 22 A A A B 5 e 2 B A e — B

(3) K 48 2R %5 B 48 5 T0 45 44 1T 0 8 & BRI 4y
B AT I 2 it -5 e 3 2 T B4 4 ik D5 =X Bl B9 T TG
e, P I A 40 A R AT HC R Mk e R 23 B T R =
R R B I I AR, O AR TR AR SO B - E iR
2y B NS BY T TR Ak L P ok T AROR 32 A
A0S

H I, 25 S8 PR 450 000, 1 I A L 5 i BN T

V

5(t)=50—m (18)

K Vo 0~ B (] B 9 %% 3 BB it ik 5 A, IR
A48 I 5 e 1 4 b 3R T R 5 8, A ) A B 20 I ek
B
1T I A3l g o BT 45 2R % B S R AL R
FEE BT ORGP ] 3T Archard B 5
VS B AU A T A5 B T 48 AR B 0 i S A AR
R, 40 TR R Archard K 3 B H0RR 2D 1) — FPOE =X
AV. = K_F,vAt (19)

T AV BN ] B Ac Y Y B EE AR K
Ry 5 B AR B A AR A, T R A R A A I
ST 65Mn 40 AR H AR O 2.12 X 107 mm*/(N-m)'> ;0
N R B 5 F, R % B 5 o il % 1 ik
71, K5 BRAS FC A o 2 B SCE E L B

F.=K56(t)=ZNk 5(t) (20)

P K AR R B E L G R R A 32 3%
B S B MR B B R R 2 fR R
EE R SRR SRR SR A
M) T X LA SR o DRI Ut Ay 7 Ak T B3 A S 2w bk A
s [ B 25 8 R e R 5 O O PR X BR A5 A L
Ve Li A 1 1) W EE Sk BT A 48 BT W 38 i 22 A

el R M= AV | o N P B e T e
it B AL A 200 . G A0 B RS R (18)
~(20) "] 159 2135 H F 48 R % B RBUE Bk A —
B 2 P IR 5 A 53 T

dV, Kk.v
— 4 - V. = K. ZNk 18, (21)
de A,
B N WA AR
V. =0
=0 (22)

6,=6,+06, +96,
28, e g 2 56, Ry T R I FA Bk
R TC b B T O A B Bl A T R A e 2 A, S B
R T8 2 80 T B 45 LA R B 6 A i T
T A5 A BN IR G AR I AR SO A % 18 X
PR ZR B S 0 58,, % 1 5300 0 R JIK e, JHC T el o A
TIREBIRINA RITITIE i35 . A SCER X SCHk
(211 548 QB B 5 W e 7 il sr an 8 6 i s 1T 8
BEAY 45 58 ¥ 1 N AL I AT 5245 3 5T BROE e 1 g T
() Jalr 1) (3285 , 22 05 R T A BRIT 35 23 B WA 4 5 5% 3
TR T R K R e T AR K
AU DA P 1 PR KR
8, =(2.798n* + 4.690n - 17750) x 107" (23)
X n 5 TG, B8 o/min.
B 3 (22) FRA K (21) 7T B A5 48 O 95 2 R B i
1 f AT A
K kv
A z))(24)

gi Bk 8 20 (24) AUA S (18) T 45 25 % 45t

KON B AR B 5 5 1 RS A i AL

K.k.v
A,

V.= ZNA(5, + 8, + 5E)(1 - exp( -

5(1) = (5a +6, + SE) exp

t) (25)



Fard 1240 7 B P S0V, Y 45 9 %% et g 2 Tk RV 4 A 2821
43— 0.091
0.08 - e |
- lw TR L
0.07} o T
S o006t it
3 g
?m 0.05r -
Vf i [rr = Test data of No.3 finger seal®”
T w® 0.03F Jirs -k =0.4 N/mm
< s === k=0.5 N/mm
I B % \g 0.02F [ - k=0.6 N/mm
0.01 _,'{ — k =0.7 N/mm
l 000 L 1 L 1
0 50 100 150 200 250 300

Fig. 6 Computational model of centrifugal expansion of the

rotor (mm)

2.5 SHEERIEIE

RSN P HEAT T B 450 Y e
PR W B BB BF 5T, (FUR R 45 AR ST F AR 3
B A R U 8 P I 00 7 B OB S AT B A
Al TGV A B4 38 UE AR SC BT A ST A 5 R A5 A0
£ itk Jh A P M BT A R ) R P DR UG AR S
18 5 X g R B B 22 FL A U B SRR A AR R A
A0 By R 5 AR 2 S T LR IE , of (] 3% 5 T o B
BB A AR L o w2 AL B S AR,
A A5 C 20 B0 TR H T B T SR AR R R

LS BT (Y B0 GIE T L Li % 44 T H No 3 48
RIS OF R R > S8, i 2 Brw , d R L
A B e 1 o T R L o FVER AR OB S B TR

Lo AR

FMALA, 038 2 B i 56 Bl R 22 R i
SR RL G BRI R B AT B

0.078mm, MAh, Li 5557 8 FH 45 22 25 B b1 F ) 55 45
Z KM 2.0386 x 10 mm*/(N-m) > . Tt = i #&
5 BALC I BE 1) 25 04 2 550, AR SCHR 00 A 18 33 1
RSB A K (25) T 45 35 22 4% B 00 8 B4 1 An
FL7 iR o o I AT 0, A8 4 SR OT B S — R AR I
(B, A SCHE ST (0 35 4 2 R 4T R R i 6% 45 g b
S5 HBIE A .

Table 2 Parameters of the No.3 finger seal in reference [5]

Parameters Value
Seal inner diameter D,/mm 152
Laminate thickness b/mm 1.2
Finger interstice width for free state / j/mm 0.21
Rotor ratating speed n/(r/min) 4550
Number of fingers for each laminate N 62

Time/h
Fig. 7 Wear characteristics of the No.3 finger seal in

reference [5]
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Fig. 8 Leakage computational model
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Table 3 Grid independence study of the computational

model
Grids #1 #2 #3 #4 #5
Size 57500 135600 226000 311400 398500
Leakage/(g/s) 24.879 24940 24.977 24.989  24.993
Error/% - 0.245 0.148 0.048 0.016
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Fig. 10 Transient leakage characteristics of finger seal

simulated with and without wear considered

B BT7R O R TR 45 1 T ok 25 i B 0 A 5
2 8 S 45 %N B S B[R] 43 ) 4 0.5k, 2.45h, 6h,
8.66h 1 10h B 114 He o3 43475 &1 Fn i B Ok 1A o 200
A A 2 R 2 R B 401 20 7 10 3 5 SR B Ok 5 R R A
N O B 4 T 530 45 S, T 2 S8 S 45 A4 B, 4% B[] A 43
Sk 7 Tt R R B B TR R I i e R L T
By Bt , 25 58S 45 A0 5 A U R A S 5 4
20, G 10 s o f B LR R 13 = BT LR
PSR PR B e B DX 3B AT R X R L R R X
B R R R LT 5 8 e ik R ) — 2, e PR
PR Ar i B D3O PR LT 5 e iy DR ) — B
JE 77 9 Ji B0 A% Ak A S BR T 45 99 it DX 38, BT DL 4R 2R %5
B K R 4 2 R PR OR A LA 4



FalE H 12

75 P 5 SIS ) A R % R 2 M O R 0 A

2823

PP 11 HR T 7 3 88 Ok i BT LA O I AR 7 I 94 A
PR AP B8 DX I PN O 8l e B 4 2 5 A B T 0 DX
TR IE S T B /N I AR B AR B3 5B R
B R 5 25 AR BE AR O B DX iy TR S
BRI LA B 1 30 DX s At 20 A Xt S, T O A 1 it
U 5 00 a4 2T ORI A A i DX 5 A E A 4 AR
PRA7 e BE XU, o T 0 T e R it 3 2 4, T M A
G AR 1 ORI i P 084 I A Ak s B B KA. X
eI ) b 2 P A B2 R B TR K B, ol T TR ) S R
F4 o) ZUAE A e M AR A AR i DX I ol A I AR S 495 a5
DX 3 B i G DX IR SR A R AR A (EL A TET 11 Fp TR
SEEN R T2 o D e, AR SC LA AR % R 45 AR I
J& 15 2 VD ), 30 ek 3 B (A 9 FL 5% I s e
DX sl 5 AT RS 5 B O X e R AL, T A 12
s m BRI RLE s 00k A AR A G Xk, T A
SRR 7 AR AR A

BEAh e T 11 AT DU H 7 5 A £ TR 4 R X
S5 4 2 i DX 30y S TR B9 AR B A ] 64 4 RS 22
Il /) AFLES [ i 2% 4R P (R 45 AR ik X . AR XS HEAS
[e] JE%5 458 B 221 F) S JBE R R o A P AL L A R A I 22
2.45h Z i Fi5 G2 DX IR A T T WG R A T i 2 ik DX 3
T RE Y S /N A B A0 N 2 2.45h 2 ) 45 2 i DX B
R 2 5 /0 i T XA 3 I ORI S K

Pressure/MPa  0.10 0.14

Aft cover plate
Aft cover plate 3

R 7
= A
= e
— St
L 5 [5)
> >
o A=)
o (5]
bl el
] s
z 73

L
S A=)

orward cover plate

.18

Aft cover plate

10 JI7 7~ Tl i 2k o P2 453 15F i) 174 2 b B A — 3

P13 Jt 7 Dy = i i Sl 2% A0 T 2 1 4 280 1Y) 4
I % A BC A o 2 5 T U e B A ] AR R4 B
Horp 2 B 1 F e K 2% 8 02MPa, % %6 i BN
0.9mm. H B A LLF R % & 55 F Z R4
Ak 2 i B 5 B ) A 38 0 R A, L T
K T R R K X R TR TR
R, BT I ] B B R A K R .
A 45 B T I U i B TR S 2 2 B g
U /N B K A A, O TR R R S AT T U A 3 #
S AR AEL JUT 7 19 B ] B, A% B T T U e 5 AIC(E
K FOXE R B A L At B R — B, R M TG
o B — I B L R R R Bh B R RO
M, TTT 2 70 U s 5 2% 1 S S0 3 30 i e o A
AR AL Jir X6 7 B 75 ek 3 JOT 5 108 I R R G o 7 2
MY 2, A S IR 98 10 B 7 B0 ik R /0N L IR
ot S U 4 P A R I R B Ll O T R R TR SO
JIT SR FH B4 32 ik X3 2R o BT A5 R L 2 DA I U o i
AN R P BE DA 48 A R A i A 5 2 0.26mm,

] 14 BT 7R oh =P e 25 45 44 T 25 08B 453 3800 1) 4
A% 1 I AS BC A ) i 5 T A B ) AR AR
Hovp 5 7 5 3 ol 3000r/min | 2 % it 2 BN 0.9mm.,
AT DUE % 3 0 R U 22 00 B A A i A

0.22 0.26

o
W
S

Aft cover plate
Aft cover plate
Aft cover plate |

= ro
A =
- s
o 'z
o) I3
S 'S
- et
5 2
f s
z Lz
A t

o =

orward cover plate

________________________________________________________________________________________________________________________

Without wear considered

With wear considered

(a) Pressure distribution

Velocity/(m/s) 0 30 60 90 120 150 180
r
= % s 7z rZ % Bit 777
= g 2 gc g7 gz £ 1= 2
- 5 a 2 a 2 s 5 s | 9 S 8 o
D [3 s 5 5 8 3 M 518 5118
— [ s = s 3 A b 5z g
g =1 E = E = ! E & 7 E =1 = =1
g 2 g 2B < 2 S 2
1D} = = = o= =
— : : . ; .
2 0.50h 2.45h 6.00h 8.66h 10.00h

_______________________________________________________________________________________________________________________

Without wear considered

With wear considered

(b) Velocity vector distribution

Fig. 11 Pressure and coupled axial and radial velocity vector distribution simulated with and without wear considered
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