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Dynamic characteristics of fully-partitioned pocket damper seal
working with high parameters
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Abstract: The three-dimensional numerical model of fully-partitioned pocket damper seal (FPDS)
was estab-lished by computational fluid dynamics method. The effects of high inlet pressure, rotational
speed and preswirl ratio on the dynamic characteristics of FPDS were studied based on multiple-
frequencies elliptic whirling orbits. Results showed that keeping the inlet pressure 7 MPa, the effective
damping increased and the crossover frequency decreased with the increasing pressure ratio. For pressure
ratio 7, the effective damping increased sharply with the increasing inlet pressure. For inlet pressure 7
MPa, the effective damping was about 10.26 times that of inlet pressure 0.69 MPa, and the system stability
was enhanced. Compared with the rotor rotational speed 5 000 r/min, the crossover frequency increased by
about 62.2 Hz for rotor rotational speed 25 000 r/min, the effective damping decreased by about 28.5%,
and the cross-coupled stiffness increased by about 6.94 times. However, the increase of rotational speed
caused vortex in the cavity, which was conducive to reducing the leakage flowrate. The system stability
performed best for the preswirl ratio 0. When preswirl ratio increased to 0.8, the cross-coupled stiffness
increased by about 4.84 times, and the crossover frequency increased by 24.9 Hz. The effective damping

decreased, resulting in the decrease of system stability.

5 H #A: 2022-04-15

E 2B : BRARFFEE(51875361); L [ AFI 54 (20ZR1439200)

1E & 18 17 B (1997—), 2, Wi+, BRI B WU 3 12

BEEE: WITHR01986—), B, #i# ., {1/ S0, Wit, FEHFSUENE 73 2 5% E8) /1% . E-mail: wizhang@usst.edu.cn

IR A% 2 B, ST AR, A PO, 4F. S AOHEE I e B 3l R (1. A28 002440, 2024, 39(1): 20220213, ZHAO Linhui, ZHANG
Wanfu, ZHOU Qinghui, et al. Dynamic characteristics of fully-partitioned pocket damper seal working with high parameters [J]. Journal of
Aerospace Power, 2024, 39(1): 20220213.

20220213-1



IR DA

%39 %

Keywords: fully-partitioned pocket damper seal; computational fluid dynamics;

effective damping; dynamic characteristics; stability

TE i sl Bz B TR L IR PL % R
SHLAES LA, hodl/ Tt U, X T 32 718
SEAL TAERCR B EZ R 2, [, gk sh
W E ) 7 A B R IR 20 AR GE R AR R TR R
I8, B 5T 3 BN BT 4 1 1 T S AUR S BUE B
AT ST 3G L 7 AR AR SR T 8 2 TR PR
BifL Tl B R R [ i ST AR A 2 — 20 T B
5, ) S S EOT ) & ED, R EBE 1350 MW
G SR A HLA SR B 42 = 31.1 MPal,
HLIL, JF e 2 S 50T % Bt ) 1 22 e 58 5 T AL
WL S5Eisf T A EERE L.

AR, AR RIRH e % HY T HA RAFARE e
FePER 2 7Tz g, 1R S AR BB JE % B (PDS)
&=l Vance &M F 1991 4R H, i B H A — R 5
JA ] £ 0 AT LA A A% R AR 1) PRI, 5 AR gk
B TSR R A BHJE o Vance S5 3 i3 505G
XF L PDS Flk B 2% B, 525 K W] PDS 14 KAy
HAZR eIt HEA B kP /EH o Shultz!" i@
LA K UE T PDS HAA K RBHIE . A T 3k
P4 A BELJE R E, Li 2500 XF PDS #E 47 el 12
B aE A4S R BH JE 4% £ (FPDS) 25 74 I JF g 52 56
WF 9 (e R BE O K 1k 2.03 MPa, B K5
12 000 r/min), FPDS 1% 4t PDS A b B A7 B i 1Y
RELJE A1 EL 2 W 2, () EL A /)N 17 i O o2 o 4
HFEPE . Ertas 51706 Gamal 451 5250817
— 2 I T8 FPDS, 38 o 50 56 (5 K FE 3l 15 200
t/min) Xt [t 53 M7, FPDS 1 #:fH Je 8K H %30 )
FE I A2 IR S RS2 I 2% . Gamal 38 3 Bulk
Flow #1545 2 L1k J5 1Y FPDS HA KA
S R RLBLJE . Ertas 25UV FPDS it b« H.
i X FPDS, S 56 45 5 3 W B 2l 5 19 % EH75 1H AE
P EE = 0 7E ZCBRL e, {8 e FR i T2 i 5 FPDS
FETERE RIS SO BE o 2= 3R WAV R FH 22 00 i
Bl AR R (f Kk TR 78 2.53 MPa, it K 5%
15 000 r/min) fiff 55 FPDS A %5 it Al i TR X 5% 1
B TR E ), 3R W] HEBH e 23 bl A PR AR AR
38 2B e . PNVPFAEDT e ER AL (i R
J1°4 0.69 MPa, % 3# >4 15 000 t/min) X} & FPDS
FA B 9% B2 5 T iR S AR IR A9 52 . Griebel '™
T 3 BB AT 5 11 AN [) 9% 58 145 JLART IR bR A1 B
M A BB X FPDS it I 4514 F % 30 7 R 1 1
SR o kT AR AR B — R R R B U B [ A
1k S s == AR B AE fR G FPDS 45 #4 (Fe Kk 11 &

7174 0.99 MPa, fix K 0 25 000 r/min), 4528 %
A b 2 A% 0 B JE 2% B 45 44 BE 5 7 AR /= A AL
FHLJE

IR BEFE I R B FPDS REME M it R G i it
BHRABEE, B HATH) TSR, ST
FPDS 3l Jj “# ¥k i % AN 5 Wi, € [F] Texas A&M
University i V- HL A 55 50 % W 4 = 2 40T FPDS
Bl 12 M RE 1Y L5 52 51 2 TRC( Turbomachinery
Research Consortium) # i, 5 H 22—, K1, 4
i R TR R, RIS N RAE s S H0E
SEHUG: F REARE 1T, IR S 4T FPDS
IR R B R AR S TR ER.

ASCEET IR AR J1 27 07 v, #E57 FPDS =
AEEAE 43 BT AL, 7 I8 1T S50, WH9E A A e
Fb . 5 K U X FPDS Bl g Rk i 5 i #LA

1 HERE

11 ZEE A RHOR RS

1 25 WY 1 g s v O AR 18 368 B L8 7R
B, Hrb o, g T, 0, BEET L, n
THGHE, Q FimEhEE

(b) yJ5 A

R ARSI 7 ROy ki
Fig. 1 Elliptical whirling orbits of the rotor

20220213-2



513

RS S BT AR AR JE % 8l SRR

WEWAR IR F. F, AT X, Y
TR X . &AL R )

[F-[8 Bl E &1
(1)

K Ko K, H BN R K, K, 038 SUHI
B Z 8 C,pn €, W ELHEBLJE 250 €, €, X
BHJE 2%,

7R SCEL T 22 AT 1R R S AR B SR i 85 5t B 7 4
P 2B, A E x. y PIAS 5 1) i, ) HG i 2
Bl ] KRN

x 7 n) 3l

N

X= aZcos (Q:it)
ol (2)
N

Y = szin Q1)

i=1

v 77 3l

Xzbicos (Q:it)
N (3)
Y:aZsin Q)
A ay b o3 g WG T8 A3 1 A A Bl R R 2 A @,
s Bl
A2 (1) BEA T P () B s e, T A

_|:Fxx Fyx:| _ |:Hxx ny:| |:Dxx Dyx:| (4)
F xy F » B ny Hyy DXy D

yy

L H,,=K,,+(QC,,) I EB B RE j= V-1,
TR m ROR BT ], N ER n ROR AR BAR 01
o i B 5 1), mn R xx. xy. yx. yy; D,
R BB
i 2 (4) AT 15 %5 B 4 R A2 SCBH $T R A
H,,, FETA] LA 3% 3 3 1R R K, Con o
BB SR R AT i (5) L (o) il

{Km K, } ) {Re(HXX)
ny Kyy B Re( ny )

Re (H,,)

Re (H,,) } )

{cm cyx} B {Im(HXX)/Q Im(H,) /Q
Cy C,| [Im(H,/Q Im(H,/Q
NRIEF, T R G E T, & A R JE R

19
Ccff[ )

} (6)

Cp=C—-k/Q ¥P)

i C N x. y 7 1A E FPDS (-2 B3R JE 28,
k hAE SLHIBE
1.2 JL{#Esd

ZR L) Erats 45528615 v FPDS S #F 58 %42,
F1HFPDS EL LM S8, B LK EN
100.33 mm, %% 7 E 424 170 mm, 3550 1 K 5 40 A
H 44 ERE(CL, C3, C5. CT7), 3 ElfEE(C2, C4,
C6)F 8 14, HILT 45 &l 2 fri .

%1 FPDS JLITR~F
Table 1 Dimensions of the FPDS

25 LICEEl
I L/mm 100.33
-7 H# D/mm 170
AR 6/mm 0.3
P44 ¢,/mm 3.175

PN, 8
% t,/mm 3.175

PR N, 8
FHEEKE [/mm 13.97
A=K L/mm 6.35
Ji S h/mm 3.175

(b) FPDS =4k A5 74

2 FPDS JLAAR
Fig.2 Geometry model of the FPDS

20220213-3



e P

39 %

1.3 BREH

ARSCHFE T 3 B E e (m=pi/pou=T, 3, 2) . 5 Flt
HE O 1E L (=0, 0.3, 0.4, 0.7, 0.8) %z 5 Fil 5% 4
(n=5 000, 10 000, 15 000, 20 000, 25 000 r/min)
FPDS 3 J7 ¥e 1 o I FH o153 3t 1k g 2 34 AN-
SYS CFX K FPDS Jiid%, & 2 e T i 5%
PSRRI R T SEL, T 2R, R ke
T DA TR it D0 0 3 R 5%, [ (R 3% T 52 A 44 44
JCHE R BE . 7F Erats 290U LAl b, K it 0 R
J1H 0.69 MPa 42 7 % 7 MPa, 3 i 15 000 r/min
$£ 755 2 25 000 r/min, 5% FPDS 7£ = 2 50 T (1 3h
WALER

F2 HEIRSH

Table 2 Calculation condition parameters

SR HE KA
TR 23R RS
i A k-&
TR M Y S
AFRE T/K 287
] 2K /s 0.000 1
RENR £ /Hz 20, 40, -+, 260, 280
#AJES) p,/MPa 0.69,7
I ET] po/MPa 0.1, 0.241 5,0.345, 1.05, 2.45, 3.5
JELE x 7,3,2
BEOTELL A 0,0.3,0.4,0.7,0.8
$58 n/10° (r/min) 5,10, 15, 20, 25
HERZIES RO 15

1.4 FEMEIE

{8 GAMBIT %57 FPDS = 4 45 ¥4 £k [0 4% A5
AU, [l 3 45 T FPDS AL 337 A& 4 A, N 5 IE
W% JG Sk, B e L T 320 07, 491 J7, 650 J1
K 780 T3 4 B A ] ) 4% ¥ FPDS £ (B A5, A [A]
WA BT T AN A 4 TR . AR RIS 320 T
491 J3 . 720 J3 AHXE T PIA% B Sl 650 J7 AR AR
TR 22 50018 0.34%., 0.1%. 0.07%, W 25 it s
IR 2ZH 0.31%. 0.08%. 0.05%, M A% % 4 i
650 J7 Ji5 , iR 25 W /)N, Bl DA I 38 i FP-
DS it A2 BN . R IR R IR SR R,
12 A ECh 650 J7, y (AR HITE 44~ 142 ZH] .

wE s Fros, R HECE TSR r 45 30 ) 5k
PER BSR4 AT b, A 3 A
BLALURN 52 3615 21 (4 21 ) Rk 2R R0 18 Bl A 3 AR AL
A — B, B 20 17 L NI A B8 LRI 3
TSI E, TR T L T SR,
T BEL ) FN A 5B e It S5 4 (R 6 v TR AU, AN

[ AR RO IR A5 R 22 S, SR e S
PEEADLEL ) 2 O AR 2, Bl AR SCRUE T VR TS

N

\ N\

N

N
N R
N
A

AR

3 FPDS Mi&5 i
Fig. 3  Grid distribution of the FPDS

11385 | B R =T MPa, p_=1.05 MPa,
’ 2 B s 7=15000 r/min
1.1370 + 1.13667
1.13572 7 1.13601
= 1.1355¢ 7
go
< 11340k % 113411
i L13312) 109, § 113329
B 13s)
11310 1.13028
1.1295 +
1.1280
320 491 650 780
[ H& %104

4 P& ICICHERAIE
Fig. 4 Grid independent verification

8
Tr —v— CFD
—~ 6F
£
@ 5t
Z
= 4 %K%% Kx
m 4 * ¥
= Kok ¥
& R w
m o,
1F
0 40 80 120 160 200 240 280
BB/ Hz
(a) EIZERHE
4
3L —v— CFD
E
= *
= 1
Z
= 0F
i M X
-1t
72 1 1 1 1 1 1 1
0 40 80 120 160 200 240 280
IR BN/ Hz
(b) EHERIEE

20220213-4



1 AR EE LS = S 0T AR A BE e % B sl R
2.0 8000
Lo 8§
sk —v— CFD 7000 + s v Gs
= E 6000 -7
E 1.0+ Z 5000t
= X kK
g * xK E 4000 |
= 0 b .\.\.\H—-—.—._._.__._.ﬂ_.
%{ : ale = 3000}
of 2000 | M
1000 ' A ' A s s s
05 . . . . , , , 0 40 80 120jﬁ1;0 200 240 280
0 40 80 120 160 200 240 280 R BIATHE/Hz
R BEIRR /Hz (a) ELERLE
(c) B X 3000
2000 + M*’M/
— £ 1000}
N =
Eﬁ 2 —1000 |
= o " Cl = C2
& 8T8
= ——
St * S 11 S S S
—— CFD 0 40 80 120 160 200 240 280
0020 80 120 160 200 240 280 TR He
R/ Hz (b) EAZNIEE
(d) FEaBH)E 2000 — —
S ST SRR ool —G G
Fig. 5 Comparison of experimental results and _1400[ M
CFD results § 1200 +
< 1000 f
s 800t
2 HREWR = ol e
o) 400f
SCPRiE AT AR, 3 1 T3 8 4 X (RN 200 %
, , , of
K B | TRURE b AE T 00 A9 AR AL AR 23 5 e 2| -200 : s A . . . :
BB B 1122, AR SC L FPDS ARG XT 4, T 5 0 4% ;;;w;gmj‘” 240 280
ST BB (=7 MPa) T AR RIHE ) 1R LG 3 (©) 5 LHIE
TIUBE HL X FPDS 3 77 R 52 i B 4000
2.1 FPDS EREEZHNHFHTHK 20001
B A 5T 22 W FPDS {2 = BETE A4 K AYsh &5 _
JE ST, %13 shas TE MRS A0, Hit, A SCH £ T
i 2 4 o= z _
e X 58 B 45 1 = (C1~C7) 3l S35 347 508, WF N 2000 |
GEUT TR h 7 Tl B9 o0 A FL A % ~4000 |
[ 6 4 p,=7 MPa,p,,=1.05 MPa,n=15000 r/min, ¥ ool 8 T
A=0 I FPDS 4% Jti %8 3 1 F 1tk 28 Bt i s 451 R 1y W -
sk, AT LA 0 40 80 120 160 200 240 280
2 N N oE = " TR
1) 4% I 5 B RELR 34 0 TE AL OF WG I B A ALz
(d) BRI

Th o W R, 72 [ — IR s 3% R, EIEE(CLL
C3. C5. C7) M HBHJE B i /& T RIIE = (C2. C4.
C6).

2) FPDS £ i % L H2 W BE B it 2h 550 % 1 1 m

€16 FPDS £ 1% sl i Fe ik REGE IR SR AL
Fig. 6 Dynamic characteristic coefficient varying with whirling

frequency of each cavity in FPDS

20220213-5



IR DA

%39 %

T 3G, (ELA5 T R W 2, W U 3 7 1) 1 W1 3 3%
Wrm > EAE, B FREHBSARE. ik
R B TR, 28 SCIIEE W S B AIG, L e & A8
M A K A K AT A 1.45 MIN/m, A2 SR 3% 0
PR B0 7 ) 2R MG K, T s = 28 U B B KT
e =

3) ASIA 2= 7 RBE e 7 AR A5 (/<50 Hz) T Bl
3 ST L i SR T AR IR SR N T 2F RO
SR (A 5 BELE kg 25 Bk X6 07 4 908 B0 9 3 ) i, A 4B
Je R AE, 255 [ TR AR, MR iR KT o
AR A R e K TP 22, BB RS
ARFHJE EZOR A EEE, BN RGA B
JEH) 73.23%.

4) 2% N R ) Rl AR A R s, 45
SRR AR AR, WY T U 8l U7 1) 2F RO R 3%
WA K, FR T BB JE RGN, B8 SIS BEAIR, 2 e
WK 21.85 Hz HK 21] 49.5 Hz, M4 4% s % %
T R G /N AT B XX FPDS #E 471k, o &
kL AN SRS 4TI

1 7 24 FPDS i 0 i i o, vl LA H: % 3
FiE N R I Bh B R R 2%, R B TR LT
S5 1A 0T [ B ™= 2 < I S 0 5 s PN iR tR 7
“HULTR,

iR DN FPDS 1 28 $7 [R] [H] B, I 14 37t 3
AT BR AR /N, SR B, A SR A, B R
S5 N AR R /0, SR RS K, TR ) B Ak Dk B

B /(m/s)
—

———

20.81 62.44 104.1 145.7 187.3 229.0 270.6 312.2 353.8 395.5

(a) WAL J7 T B 5 3 A

JE.71/kPa

1158 1791 2424 3057 3690 4324 4957 5590 6223 6856

I . i I
N __. L ______

________________

(b) W ST 0 3 501

7 FPDS i sh s sk
Fig. 7 Flow field characteristics of the FPDS

fEo U AA B v (B 3E A NS S T AR I 3 4 T R
SRIG I, W FEAIG, UL, B == R e i, shak
BB, R B P 4 R 3 R 5 TR
2.2 SSHTEEXS FPDS 30 1451 %0

K 8 AAREE T (7=7, 3, 2)FPDS 3 Jy 451k
i 354 2 45 R AR AL 1% 1 (A=0, n=15 000 r/min) , H:H
7 N pi=T1 MPa 1 &L T R I, m K p,,=0.69 MPa %
MU, ATLAE

1) FPDS i 2 B J& 4 AR H 1 341K, > py, 1H
S B, e LR JE K, p, =7 MPa 11 FL 2 fH
Je MEJE T p,=0.69 MPa it 8.63 1%, H 1%L JE
B At A 35 BH S 2 1G5

30 6.0
+71:h=7
28F —e—7,=3 {55
_ s _
% sl -\-\-\'\'\‘\'\-\-\}; 45.0 §
Z 24 M las &
D 220 m
= W 14.0 =
3 20 —— =7 it
=Ry BEEERCY
= +n|:2 130 =
16 \\‘ alp
& . S
14+ S 125
12 1 1 1 1 1 1 1 20
0 50 100 150 200 250 300
W BT/ Hz
(a) HIERE
20
13.0
—~ 16 —~
£ {24 £
Z 12t z
= =
w8t 18 =
B 4+ 112 i
fmi fm
2 ol =
= 10.6 %:_
& 4l
8 1 1 1 1 1 1 ”1:21-0
0 50 100 150 200 250 300
W%/ Hz
(b) ELAZNIEE
75 2.0
70t 18
£ £
§ 6.5} 1.6 Z
= =
6.0} 14
= =
™ 55t 112 X
L@ﬁ &
= 50t {10
}L‘ e }-Lk':
S 45| T los
4.0 0.6

0 sb 160 130 260 250 360'
RENIFR /Hz
(c) & X

20220213-6



RS S BT AR AR JE % 8l SRR

£ ]
22.5 4
g 150 ) E
g 7.5 0 é
N L N
g ¢ , B
= 11, =
gj\ B —— T 4—4 E
}L; 150+ A 7511_:2 E
IS — 71:1—7 126 IS
225+ —o— =3
—— =2
_300 1 1 1 1 1 1 1 _8
0 50 100 150 200 250 300
RBIIR/Hz
(d) FRLEHE

K8 REELT FPDS 8 )i 45tk & Kbt w421
Fig. 8 Dynamic characteristic coefficient varying with whirling

frequency at different pressure ratios

2) FPDS 42 NI B B it 2 45 55 0 185 o iy 38 K,
TREF pi ANAE, 72T B 0 22 31K (/<140 Hz) BT, #8
AN B ) BRI EE . DR AN, B
) pu FHAT S 15 O BRI B

3) it 365 Bl AR B BE N, 38 NI % T AR
AR . AL, py, B R, 28 SCRIEE B
P N, BT, 38 LRI BR . A RLBHJE 22 p,
o AR, m ARNAE, p UK, 2R G BOR R
i%, BRBAEHK, FE TR, p,=7 MPa A 2B JE
-394 pua=0.69 MPa (1) 10.26 1%; p,=7 MPa i},
A5 BEJE Bl A5 R LU A 3G R TS, =7 B AT ZRE e
2k =1 19 1.32 fi5.

9 AR TA] R FE R 45 1 % gl A R A8 4k, m]
DVE th: fh¥s n AR, BiE RGN D ET) p 1Y
HER, 25 I 5 2 RO R I RAIG, B L AR I,
FE DB, 45 I & 2 O R Ik . 5 =2, 3 B
AR, 2 7=7 BRI 3N 7 ) T iR 43 i = 2 O
WA TR, Y4 p,=0.69 MPa i, & [tk K 4% i

80
70 +
60 +
50
40+

SRR Hz
(98]
()

cT €2 C3 ¢Cc4 C5 Co6 «C7
JhEE

P9 RIRIH T 25 Mk 3 o Ui

Fig. 9 Crossover frequency in each cavity at

different pressure ratios

O M R, {22 p, =7 MPa, TR Bh 5 [0 4%
Ji 20 2 B R e 3G e o I G p=T
MPa H =7 i, R fa e it
10 25 4 T %5 3 n=15 000 r/min, A=0 I}, 7¢
AR LR FPDS T i B A 3 B2 A3 A1 ok A
ERA B E N R e n e sh, iT
FPDS 5 5k i) J& 1] 45 A4) 5 350 4 Ja) 1) I 8 B IR
oA IR AR TE I 3 N B R AR s I, 7 AR R
IR ESIHHE.
2.3 SSHTHET FPDS Zh H R0
B 11 R K [H) 5% % (n=5 000, 10 000, 15 000,
P /(m/s)
—

————
398.779

0 99.695 199.389 299.084

TITCTITIITLT——. T T—

(a) p,=0.69 MPa, p,,=0.1 MPa

HEE/(m/s)
T . T ———
0 63.248 126.497 189.745 252.993
T
Lo uiiieing,
(b) p,,=0.69 MPa, p,,=0.245 MPa
HUE/(m/s)
T . T ———
0 52.697 105.393 158.090 210.786

TS E:;\m ~ Z

(¢) p,=0.69 MPa, p,,=0.35 MPa

HUE/(m/s)
———— T T e
0 127.707 255415 383.122 510.830
””"k““-‘:v'“\“\"mll
(d) p,,=7 MPa, p,,=1.05 MPa

HEE/(m/s)

T T T ———
0 73.582 147.165 220.747 294.329

(e) p,=7 MPa, p,,=2.45 MPa

HE/(m/s)

m— |
213.664

0 53.416 160.248

106.832

(f) p=7 MPa, p,,=3.5 MPa

10 AR E R %8 T s R ik
(n=15 000 r/min, 1=0)
Fig. 10 Velocity vector variation of seal downstream at

different pressure ratios (#=15 000 r/min, 1=0)

20220213-7



125 B 1y 24 %39 %
30 Epv— 20000, 25 000 r/min) F FPDS 5l J7 451k B8 sh iR
sl —4— n=10000 r/min AENE L (A=0, p,,=7 MPa, p,,=1.05 MPa), A LI Hi:

—=— #=15000 r/mi L

g, \ e 20000 rimin 1) B FPDS P35 BLE 9 W4 W12 15

z \\ e~ 25000 z/min 7l — R B AT, Rk R EOR S ML

3 3¢ o Fe, ELIREARZARAT, B KA 24 n<15 000 r/min

= e .

X 30/ RS FNF, T3 L JE R AR U 1065 4 r>15 000 t/miin

= Niasetae FF 32 BEL U2 050 3 4 0 5 T 0 o 5 A

PR 48 R T B A AR AR
IR/ Hz T 18 T, it Sl 0 R R, L W B e T KR
(a) FLERLE 0T B T R A B 2 T B A% 1 B
S I vv——— FEREER WA, i TR B B R A
B 5000 wimin / o BRI, R T 0/ 7 A5 S ROE TR T

— —=— 1=15000 r/min e e Lo s N . S I b

§ 20 t—o— n=20000 r/min - / TN AR A B O, AR B R Y

& || 25000 r/min ~ K Jif A AE FOVE FH A6 A5 00 R AIG, L6 s 3l BB /)N,

N I R

E; 3) 24 f<80 Hz i, 472 BHLJE B 25 % 50 451 5 11

a R HE N, 24 />80 Hz i, A %% FHJE Bl 25 itn sh 4t
o = e SRAS AR A, RT3 M T T A AT
0 40 80 120 160 200 240 280 N ™ . o e
— T 25094 52, n=25 000 r/min B} 45 %% BH )2 45
YR HAZ
(b) EEHERIE n=5 000 r/min [ 28.5%, % U AT 91125 62.2
_ : Hz, RGiFaE HERFAL .

18} —e— n=5000 r/min

16l —+— 1n=10000 r/min 12 & AN [R) 55 380 FPDS 4% 5 %8 28 il A >R
*\,\.\ —=— n=15000 r/min o X e .

z uf e+ r20000min AL AR s 5 A 4 R B T A

S, 340 K, A AR (<10 000 t/min) T, H

@ 12 i HNNN: A B U B A O R B R ) 3

= r N RPN N "

I R e 0, 44 TSR I 2 R A A L
Ab e %F%WMMMﬁi%%§ﬁ$ﬂ§@ﬁ$o?
2r I, YRR R 45 o RO R 1Y AR fB X FPDS #E 4T
0 40 80 120 160 200 240 280 sErg Ak .

‘Mfgﬁ: B 13 Hral LU . A% ) e BE Y B8 i i R 40
2N ~ N2y . N P N ~
“ . R B T 1, 50 iy T2 1
100 - "
20+ —=— n=5000 r/min  —— »n=20000 r/min

—_ . 80 | —— n=10000 r/min —e— n=25000 r/min

% or o #=15000 t/min

é =20+ / E 60 k

= i iowormn £l

= =

@ ~60r / —=— n=15000 r/min =

‘ —+— 7=20000 r/min & 20l
—80r e #=25000 r/min
-100 T e T, Op #&—s—¥
0 40 80 120 160 200 240 280
e 20

P11 AR FPDS 3 15t 7 K iR A2 1

Fig. 11

(d) BRBHE

Rotordynamic coefficients varying with whirling

frequency of FPDS at different rotational speeds

Cl C2 C3 Cc4 C5 C6 C7
IGE
12 NIRRT 25 I 2 SR
Fig. 12 Crossover frequency of each cavity at

different rotational speeds

20220213-8



5513 AT CEE A, e B M SR A A LR 2 s
89.0 , 275
-= C1, n=15000 r/min
88.5+1 —o- C3, n=15000 r/min 270
- C5, n=15000 r/min
88.01 ~+ C7, n=15000 t/min 265
£ 875" - C3, n=5000 r/min E
g — C3, n=10000 r/min 2260+
w8701 —- €3, n=20000 r/min &
i - C3, n=25000 r/min D 2551
= 865} - =z
@ 6.0 LIl o3 Ll .. ﬁ :
85.5+ L+ 4R=85mm 245
gsol N I 240} '\H—‘—'—'—'—'—'—.«\_\\
845 s s - - 235 A s s s s
0 50 100 150 200 250 0 50 100 150 200 250 300
JE B ') R Mz
(a) EHERH)E

P03 TR T I A o S 1 1 43 1 16

Fig. 13 Circumferential velocity distribution along radial height 14

at different rotational speeds 12

E 10

T TR P9 Dk /) 500 8 A, A S S A - R T % 8
W PR 7 R it U RE R T A A, =0
ULES Sl aE /N, S N R T REdE K. ﬁ i
2.4 BSETHAEX FPDS 3h A5 Of

R 5 W e - B D1 R Y E R 22— :i ] , . . . .

PE O, o Sy 0 50 100 150 200 250 300
Vi BN Hz
A=— (8 (b) FLHERIE
9
K ¢ Wi RMEHEE; v, % BHE 0 L3 sl
[ g ] %\

K] 14 Jg R [l O B [ (=0, 0.3, 0.5, 0.7) F Z g SaaaPL U
FPDS 3 7 5 1 i 184 30 491 % 25 1 44 L (p,=7 MPa, B 4f WH
Pou=1.05 MPa, n=5 000 t/min), A LLF Hi: g st

1) i SRR AR ], TE L3S 0 fif R 48 ® ? "'_H_'_“‘“‘\‘\-\.\_\_\-
PB4 -0 I, B IR 5 5198 1 4 ol s wor
REJE /)N, (H R BEZRE /N, 25 >0 B, BB e % 0 50 100 150 200 250 300
R TR EE YN IE . BRI EEAE /<80 Hz ‘?%iii*fﬁ?f“ﬂ/Hz
By 0167, %5 1 50 90 48 45 O 8 14 1<, . (6) Se LI
KRB W1 K 7 R — W Sh AR T, T L
A B I R

2) YFURE L AN AR B, A SN Fif 5 B0 A 48 AR §
AEL /N A>0 B, 28 SR 2 A T € L 1) 38 i b 2 é
WKL 4 <80 Hz B, A7 BB R SR, 2 > =
80 Hz, A ZUFH e 1 K R iZ Wik e I a T E, 4 Eﬁ
5 Bl AN AR B, Bt T b 1) 348 0 A8 %% BHLE
I, ZEARASE (/<80 Hz) B, AN[W] FUE L~ A3 &5 e 2= s
fHE K, 24 £>120 Hz i}, 45 % BH 8 221858 Wi /) o 0 50 100 150 200 250 300

Vel 15 % , B % FUNE L R4 FPDS % B AR e

X
R E WK, Y A=0 B, RGBT AR, A
S, ZERR T R (B =g & 16 AN Bl 14 KIEBUEL T FPDS 2l 1R 5 b it sh i s Ak
Fig. 14 Rotordynamic coefficientsvarying with whirling

TURE LU T 45 I & 2O R i A 4k, n DL T
TAARTR B J7 1], 25 T 2 14 2 A0 3 2 i i /) L

frequency at different inlet preswirl ratios

20220213-9



IR DA

%39 %

ARG/, A5 5 BT U BOEBOW R T E (E
2 A=0 I, ZFEBO0R H BTE % B R R = B
BTG 2 >0, G BOR A 45 I 2 i B EHLAEAR
[ JP 2 N B A 10 2 1 K

60

50k 48.5126  48.8819

40 | 37.5658

30+

23.9577

ZFUIA/ Hz

20 -

10

0.3 0.4 0.7 0.8
A

B 15 AFBUE T FPDS G580
Fig. 15 Crossover frequency of the FPDS at

different inlet preswirl ratios

70 - —=— =0 —— }=0.7
-~ —o— 1=0.3 —— 1=0.8
—a— 1=0.4

60F v o,
50 +
40 +

20 -

20 -
10 -

Cl €2 C C4 C5 C6 C7
JE

16 ANFITIHE | 2% = 4B
Fig. 16 Crossover frequency of each cavity at

different inlet preswirl ratios

H T 100 9 38 0 5 3 AR G R AR, IR L
R I 4341 o &1 17 ASTR) i E S0 LT 7 Al ) 1)
Jo ) T RE A3 AT o TR A 1) B B i, AR AN TR
TUjiE Lt~ FPDS il i) 3 B 4f 2¢Oy 1E (L, 3 156 BH il
I 3 JEE 9 8h 7 1] 5 B sl 1) B AR D 5 8
JE] B A 1% ) 1] 3 B AN T BG , AE SR — = (CD Y
R R IR e, TRUBE FLBR R, AR R R, X
LA T S ISR T R GRS, I
FETCTUIE 1 0 22 55 1 8 7 R M dec i, 38
THERE AR R Gofse v

& 18 Ay [] — A 1 kb FPDS 7E A [A] # i€ b
JE 1350 A, e AR IR T00 R, WRERRMR T =
AR 7, HOPUE LB, B i R ) R R AR
/N, 24 A=0.8 I, JE % N R 0 40 A AR 25 R T

40 | =0
4=0.3
30k —— 2=0.4
— —— 2=0.7
E 1=0.8
431\1( 20 F
)
=
= 10 +
L e o
0F
60 80 100 120 140

b K /mm
17 SR SE CFUSE o VRl 1 A% B 1 5ok B 4 A

Fig. 17 Circumferential velocity changes along the axial length

at different inlet preswirl ratios

JE J1/kPa
5665.376
5659.955
5654.534 °

5649.112
5643.691
5638.270

5632.849
5627.428
5622.006
5616.585
5611.164

J&F1/kPa
5648.646
5643.303
5637.958 °

5632.615
5627.271
5621.928

5616.584
5611.240
5605.896
5600.553
5595.209

J%71/kPa 2T -~

5640080 7 >
I5634.442 \
5628.794 ~4.°
v \
X /
z

5623.147
.

5617.500
5611.853
5606.206
5600.559
5594.912
5589.264
5583.617 .
.

(c) 7=0.8

K18 AIFEBEL T FPDS J& I i
Fig. 18 Pressure distribution of FPDS at different inlet

preswirl ratios

20220213-10



513

A S RO AR AL RS % 3 R

15, BN B 5% 125 5 7 A AN ST IR AR
EAES Yy d

3 4 g

ARSCRH T IR AR T2 J5 ¥ #57 T FPDS
G = AR AR, 3 22 000 5 6 B0 19 9% 1 3

TR R R S SN0 R D7 R
R N THE LE X FPDS B 5200, 4338 DL R 458

1) #FF T py, B9A8 AL X FPDS 3l J7 Fi4
Ml . [FW—E b n T, py, 8K, 38 SCNIEE FiER
30 2F TP R KA R R, 7E p,=7 MPa B (145 4%
FH JE 254 p,,=0.69 MPa i 10.26 1% , #£ p;,=7 MPa
i, AR e B 7 (3G JOm 8 N, =7 1 B 5K
FHJE 290 =1 19 1.32 4%, Nk fEm it O R 1T,
JE L R 2R e de e M

2) Fifi T HE Lb (9 35 K, FPDS B9 B 42 FH JE 5 38
ORI EE R IEAE, 2 FURE L A=0 ¥ E] 1=0.8 A} 52
NI BE 293K 4.84 4%, 2 MO TN T 24.9 Hz;
Bl 5 TOUE L 3G 0 A %0 BH JE 3B T R AR, X 2 T
AT B 1) 9 h R R I S BR SRR, IR IE T
ERE LR G R EE

3) H A B4 0 2R Gt se SR EE R B B e
YId ok, M5 Wk n=25 000 r/min B, 32 R EE 24
9 n=5 000 r/min [ 6.94 fi5, 1545 %% BHL JE % A% 24
28.5%, TR A R I 2 TR, A5 IR Y SR R AR
I 2 o 154 i T 4G K, DRI, A R AR A R T

/\éL%%l%o

S E Bk

(1] wlREE, & A, 22 W % B 45 M X IR UL 7 3 Ry
S 4347 (7] ob A AL TR 24 4R, 2018, 40(1): 165-175.
SI Heyong, CAO Lihua, LI Pan. Effect of seal structure on rotor
dynamic characteristics of steam turbine[J]. Proceedings of the
CSEE, 2018, 40(1): 165-175. (in Chinese)

[2] DENTON J D. Loss mechanisms in turbomachinery[J]. Journal of
Turbomachinery, 1993, 115(4): 621-656.

[3] CHUPP R E, HENDRICKS R C, LATTIME S B, et al. Sealing in

turbomachinery[J]. Journal of Propulsion and Power, 2006, 22(2):

313-349.

CHILDS D, ELROD D, HALE K. Annular honeycomb seals: test

results for leakage and rotordynamic coefficients[J]. Journal of Tri-

bology, 1989, 111(2)' 293-300.

[5]1 wBR, PRI, 329 8. & R B I 59348 ALY & % 75 18] [J].
B, 2004, 33(1): 1-7, 45.
HUANG Ou, YANG Hong, PENG Zeying. Development orienta-
tion for domestic ultra-supercritical steam turbine[J]. Thermal Tur-
bine, 2004, 33(1): 1-7, 45. (in Chinese)

[6] # 3CHE. 1350 MW Iifi 75 56 BL B AR R i B oy B (0. o
[ H 7, 2020, 53(1): 162-168.
YANG Wenhu. Technical characteristics and analysis of 1 350 MW
ultra supercritical steam turbine[J]. Electric Power, 2020, 53(1):
162-168. (in Chinese)

N

(7]

o]

[91]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17

(18]

(19]

[20]

(21]

20220213-11

TR A YRAS L PO R R A 43 AT K AL BE (D). b A
b J3 K22, 2007.

SHEN Chong. Big capacity turbine steam flow excited vibration
problem analysis and solving menthod[D]. Beijing: North China
Electric Power University, 2007. (in Chinese)

VANCE J M, SHULTZ R R. A new damper seal for turbomachin-
ery[C]//Proceedings of 14th Vibration and Noise Conference. Albu-
querque, New Mexico, USA: Vibration of Rotating Systems, 1993:
139-148.

VANCE J M, LI J. Test results of a new damper seal for vibration
reduction in turbomachinery[J]. Journal of Engineering for Gas
Turbines and Power, 1996, 118(4): 843-846.

SHULTZ R M. Analytical and experimental investigations of a
labyrinth seal test rig and damper seals for turbomachinery[D]. Col-
lege Station, Texas, USA: Texas A&M University, 1996.

LI J, KUSHNER F, DE CHOUDHURY P. Experimental evalua-
tion of slotted pocket gas damper seals on a rotating test rig[C]//
ASME Turbo Expo 2002: Power for Land, Sea, and Air. Amster-
dam, The Netherlands: ASME, 2002: 1125-1138.

ERTAS B H, VANCE J M. Rotordynamic force coefficients for a
new damper seal design[J]. Journal of Tribology, 2007, 129(2): 365-
374.

GAMAL A M, ERTAS B H, VANCE J M. High-pressure pocket
damper seals: leakage rates and cavity pressures[J]. Journal of Tur-
bomachinery, 2007, 129(4): 826-834.

GAMAL A M. Leakage and rotordynamic effects of pocket damper
seals and see-through labyrinth seals[D]. College Station Texas:
Texas A&M University, 2007.

ERTAS B H, DELGADO A, VANNINI G. Rotordynamic force co-
efficients for three types of annular gas seals with inlet preswirl and
high differential pressure ratio[J]. Journal of Engineering for Gas
Turbines and Power, 2012, 134(4): 42503-42514.

LI Zhigang, LI Jun, FENG Zhenping. Numerical investigations on
the leakage and rotordynamic characteristics of pocket damper seals:
Part | effects of pressure ratio, rotational speed, and inlet preswirl
[J]. Journal of Engineering for Gas Turbines and Power, 2015, 137
(3): 32503-32518.

INPE, AR, SCRESE, A5 4% AR JE % B 3 ) R S A K
Xof e R Ik Y 5 e 0], I L T AR 47 4, 2018, 38(12):
3621-3627.

SUN Dan, LI Shengyuan, Al Yanting, et al. Analysis of the rotor-
dynamic characteristics of pocket damper seals and impact on rotor
stability[J]. Proceedings of the CSEE, 2018, 38(12): 3621-3627. (in
Chinese)

GRIEBEL C. Impact analysis of pocket damper seal geometry vari-
ations on leakage performance and rotordynamic force coefficients
using computational fluid dynamics[J]. Journal of Engineering for
Gas Turbines and Power, 2019, 141(4): 41024-41033.

SROTHR, DL, W, S Rk TR TR R R Y R A/
%wm;zmmﬁ% fUﬁﬁ[J]. HAE SN A TR, 2020, 35(5):
24-33.

ZHANG Wanfu, MA Kai, PAN bo, et al. Study on dynamic charac-
teristics of pocket damper seals with divergent/convergent cavity[J].
Journal of Engineering for Thermal Energy and Power, 2020, 35(5):
24-33. (in Chinese)

THIELE J, DELGADO A. Dynamic characterization of fully parti-
[2022-04-17].https://
turbolab.tamu.edu/wp-content/uploads/2017/09/Delgado-proposal-

tioned damper seals new proposal[EB/OL].

Pocket-damper-seals.pdf.

AR RGN AR BB e % B IR I B A 3 AR
WE 5T S (0], J1 243k ), 2011, 41(5): 519-536.

LI Jun, LI Zhigang. Leakage flow of pocket damper seal at high ro-
tational speed[J]. Advances in Mechanics, 2011, 41(5): 519-536. (in
Chinese)

(R TR A)


https://doi.org/10.13334/j.0258-8013.pcsee.182234
https://doi.org/10.13334/j.0258-8013.pcsee.182234
https://doi.org/10.13334/j.0258-8013.pcsee.182234
https://doi.org/10.1115/1.2929299
https://doi.org/10.1115/1.2929299
https://doi.org/10.2514/1.17778
https://doi.org/10.1115/1.3261911
https://doi.org/10.1115/1.3261911
https://doi.org/10.1115/1.3261911
https://doi.org/10.3969/j.issn.1672-5549.2004.01.001
https://doi.org/10.3969/j.issn.1672-5549.2004.01.001
https://doi.org/10.3969/j.issn.1672-5549.2004.01.001
https://doi.org/10.3969/j.issn.1672-5549.2004.01.001
https://doi.org/10.1115/1.2817004
https://doi.org/10.1115/1.2817004
https://doi.org/10.1115/1.2464138
https://doi.org/10.1115/1.2720871
https://doi.org/10.1115/1.2720871
https://doi.org/10.1115/1.2720871
https://doi.org/10.1115/1.4004537
https://doi.org/10.1115/1.4004537
https://doi.org/10.1115/1.4028373
https://doi.org/10.13334/J.0258-8013.PCSEE.171049
https://doi.org/10.13334/J.0258-8013.PCSEE.171049
https://doi.org/10.1115/1.4040749
https://doi.org/10.1115/1.4040749
https://doi.org/10.16146/j.cnki.rndlgc.2020.05.004
https://doi.org/10.16146/j.cnki.rndlgc.2020.05.004

	1 数值方法
	1.1 密封动力特性系数识别模型
	1.2 几何模型
	1.3 边界条件
	1.4 可靠性验证

	2 结果与讨论
	2.1 FPDS各腔室动力特性变化
	2.2 高参数下压比对FPDS动力特性影响
	2.3 高参数下转速对FPDS动力特性影响
	2.4 高参数下预旋对FPDS动力特性影响

	3 结　论
	参考文献

