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Abstract: To reveal the effect of hole arrangement modes on the performance of hole-pattern seals
and explore the optimal arrangement mode, a transient computational fluid dynamics (CFD)
perturbation method based on the multiple-frequency elliptical-orbit rotor whirling model was
adopted to investigate the leakage and rotordynamic characteristics of hole-pattern seals given
different hole diameters and arrangement modes. The reliability and accuracy of the numerical
method were validated by the experimental data of hole-pattern seals. The effects of hole
diameters (3. 175, 12. 268 mm ), arrangement modes (axial arrangement, circumferential
arrangement) , and inlet preswirl (0, 0. 5) on the leakage, rotordynamic characteristics, and
cavity dynamic pressure were analyzed through calculations. The numerical results show that

large-diameter hole-pattern seals have better rotordynamic characteristics, higher effective
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damping, and lower crossover frequency but poorer sealing performance, with the corresponding

leakage increase of 6% to 10%. The leakage and rotordynamic characteristics of small-diameter

hole-pattern seals are insensitive to hole arrangement modes, with a leakage difference of less

than 0. 5% and the rotordynamic characteristics difference of less than 7%. For large-diameter

hole-pattern seals, better sealing performance and rotordynamic characteristics can be obtained

with the circumferential arrangement of holes. The leakage can be reduced by 4% and the

crossover frequency can be significantly reduced. The research can provide references for the

design of hole-pattern seals.

Keywords: hole-pattern seal; leakage characteristic; rotordynamic characteristic; computational

fluid dynamics method; hole arrangement mode

1E R —Fhi o ek i B e % & FLR % 5 B T
A0 R PERE L PR 0L AT LA S e 99 AR AR
A KA ) JE 1 R Sl DT 0 2 ) 2 Pk RE O il e
PR SR s e Y AW [ L = E I MR S I S {1
% B 1 U R RN Bl ) M AR A2 B 2 A LR 1Y
ma , i anFL IR FLAR TR BR s AT T LA B R A
EESEEEA PR SO RN s = oI -

H i, B0 FL 78 %% B A9 0 5 3 22 4 b A i U
MRSl AR WU I L R H Bulk-Flow
Dy ¥R SRR Dy R U R Bl ) A
FH WO CEABEZ WO TAERD Tz T,
TUA] 5 44 45 2 B0t £L 280 %% 83t e 45 4 R0 2 07 2 1 g
1) 52 ]

B AT T 00 1, Wade' ™) 38 3 5 56 9 & 1 BH %€
T AR BH ZE 00N £L B 25 B0 3l ) e v g R
FEUR ALY 5% 5 DA BH ZE T 40 1) BH ZE T 900 3k P B, L
SRR A 2 & AW B a2 k. Childs A
Wade 38 32 12 56 W 3 T 79005 R [ B A 5 L 4
2 R) B AR I 1T U 2 = 1 sg SN BE O s
INERLBRE A H T 5% 7 Fa 8 2 5 e 3l ) 1 e R B
M EEZ 5, Brown Ml Childs"™ % F LR #F 5% #
tE R B TURE £ R AR I Y B, I a6
TR [F R B e 3 e T FL 7 % B B ) M RE R
B, D25 SR AR T L IR 2 W B i 4 M
ELHEBHJE 5 ¥ 3000 52 LM B2 A 58K F 532 Wi o 14 R B
ST R E R TT B 5 A0y 1 TONE 23 3G A s BE
JETFBEARZE RO, T4 1 FRE M. b
S TS| P R DR WS B N B 1 D0 i R 2
Bl 2 PR RE RS2 MR T A S 3 DRI A R L TR 9 Y
WEFE R, 5 R B A O OE R

P T L 8 285 daf o 3 ok e b A IS0 ke 10 ] T
A 1) G2 2l 5 PR LR A LA 235 4 2% 52 g G i Jhe
FEMEMZ AR . S 1 5T AL AR X ik U e 5

http: // zkxb. xjtu. edu. cn

F12 PR B9 W . Vannarsdall 20 %3 7 —Fh ok
FLAR (12, 27 mm) FLAY B B, R X 50 45 2 19 it i
zh J1 e RS & 5L 42 (3. 175 mm) [ FL AL %
BT OB SRR R AL AL B H A &
A 255 BEL e R B IR f 20 BR , ELAE IR N HA 1R
8 4 D8 2R 50, AL o BT B A A AR E s (B R AL AR
FL 7 % s 3t U B N T 37, 596, S 20 U A T A
75, Childs %758 21 350 7 3 WL T 3 FpOA [ AL
TR ALY 5% 8 1) it e R M R0 30 ) 2 P e L AR R R - AL
TR 18 1) LR 2 st EL A o 4 %) i O BB R 8 ) 2
AE 5 F I A X L5 e AL B4 B . 4b, Childs il
Shin &S IR 4 T — b FL IR B Bl 1) 407 A Ak B AL
T2 25 JE X X R A AT TR I A L 25 R R
R fly i) 328 98 P FL TR 5 48 R 6% 3G KA AU BELE L B AR 28
e S S S I e o Dl EN A i S g )3
ERZSFH MM, Migliorini 21 7£ Childs BF
FERYFER bR IS AR ) 2% (CFD) ka5 T
FL A5 = TUART 2 800 HAE RE 19 52 i LB L 45 Hh AL IR
FLAR 9 A2 Ak 23 52 M £L R PN 8 38 3 43 A1 5 AT A B
Tw R B 2E kR i 2 AR Mk, T AT
BUE o Hr e — 2B 0F 58 T LR L L AR X L 78 %% 3 it e
FEVE RS2, GG D R Dy B B e B2 LIRS
LR AR, IR R 0. 5 B, % 3 B AT etk
3 PERE A M AR 45 TRAR LU X Bl ) 2 M R Y 52 e
AL, 25 LaT o, FLA VR AR Lt 25 I 35 52 i L U 4% &
)t I AR PR RN Bl T R R L 7E IS S R I 5E N 7 R
ERAR LR,

R T RS AL I IR X %5 B PERE R 2 A, Tin A0
Untaroiu ™" 4 H T — i i [ I L f& L 84 BHLJE 25 &
S48 138 ok BUE D7 PP TS R A L AN TR G
il 7y BE TR AL RYBH TR % Y ik T R PR R Bl ) A e
S5 5L A R L 3 B8 2 AL R Y el A R s
M it s e 5 Bl L A Bl A R 0 L B L e % s ) it




o544

KT 55 < AL HEAR T 2O L2 RELJE 2 Jef 3 o A B Ty 2 4 i S o TF

77

o2

U RV RN Bl ) 2 PR RE R M D

WAL 7 2% B 1S T T 00 AL 250 A L LB R K
AL HEA T3 2t 2 5% e v O R A B ) 2R ke
Yu SBT3 R L BR R Y LA B 45 L O
ISR T H S s 2 L AR R 3
FLIR 5 S 2 LA L 0 63 4 B T K A AR R LT D
(3 £ . Childs™ 38 3 B0 MK 1 8 FlAS [R] LR
RAFLHEA 7 30T LAY B M B L F8 i U o B
FL B A BT T o (FL 25 0Bk K B i 2, FL BB
I 32 Bt 2 L B 25 1 10 0 7 9 /0 5 () B 3 i o A ] L
Bt R T LI AS [ HE A 7 2 23 X 3l ) 2 P e 7 A 5
) {F AR X L HEAT IR ADFSR

TR L AL B R A O
oy pe) T HE 0] g WEHE S 10 E AT AS [ HE AR 5 3Ok LAY
2 B U R R B 7 24 T B 1 5 ) R o AR B A
R, A T BRGEAS [ HE A 7 20k L 2 %% 3 M R 1Y) 52
M), A SR FH 2% 3 W A6 2 1 1) 35 22 080 A0 T 003 008
SRR AR E H CFD % 8h 5 i 38 T PRl AL
£ (3.175.12. 270 mm) A [FHEAR J7 = Chily g M HE |
JE) 1) L HE ) T FL 7R %5 = A 90 O 4 2 0 sh y 2E b e L Sl
b A TN 25 S T T HE A O =X s ma R AR L OF DA
B SRl A3 AT T PR LA TR LR o B B A HE AR
7.

1 PSR 5 e T Ty ik

1.1 itHEE&ES

FEF SCHRL 14 TH A4 Bl g WTHE /N FLAR (3. 175 mm)
LAY BH JE %8 B, SCmk [16 0 A iy JE O HE K fL AR
(12. 270 mm) LAY FH J& %5 B 5 4 Can &l 1 s s
Wt T WE 2 Jr 7 16 JE 1) I HE /N L AR L AL B e 25
Al 1) RTHE K FL AR ALY BH S 2 B T SR AT AR L
rp Bl i JGUHE | 1 5HE ZINFL AR L 28 BELJE %5 343 5l
A-SDHP .C-SDHP 7 , il 1] WU HE . J& 1] T HE K AL
FAFLEIBH J2 % £ 40 U A-LDHP.C-LDHP %758 .

h T BR AL B S, 5 W] — LR T AN A
(0 HE A 75 2B A AR LB . X T /NLAR L AL RE
Je# # (SDHP), fL H &K 3. 175 mm, fLIE K
3.302 mm, 4l [ B HE 3L A 2 668 A FL, FLBLFE K
0. 686, JHIIRHEE A 2 673 4~ FL, LB K 0. 687,
X KALAE LR BH JE % & (LDHP), fLH & K
12. 268 mm.fLI% A 1. 900 mm ., filf [ I HE LA 192
AL ALBR R R 0. 737, J4 m HE S A 196 4~ fL, fL
B K 0. 752,

http: // zkxb. xjtu. edu. cn

6.212 mm

[

3.614 mm
s

W D)

» a| T ,
\ 1] 1%53.175 mm
; R AN ¢ JLIA43.302 mm

Jilln]

Ca) Jl 1) DT HE /N FL A% FL Y BHLJE %%} ( A-SDHP)

12.87 mm

3

CUCCCN il
( (4% L 2\ 225
(11 Ji1) £ M12.268 mrh

Ji 1

Cb) J& 1) 5 HE A FL A% £L 24 B e 26 & (C-LDHP)
B 1 A-SDHP f1 C-LDHP fif 32 85 & FL i & &

Fig. 1 Computational model and hole geometry of A-SDHP
and C-LDHP
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Fig. 5 Dynamic monitoring data of response force
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Table 3 The simulation and test results of leakage for

different hole arrangement mode
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