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Numerical modelling of elastic ring squeeze film damper based

on thick plate and force coefficient identification

WANG Zhenlin, LIU Zhansheng, ZHANG Guanghui, ZHOU Zexin

(School of Energy Science and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: The two way couple model of elastic ring squeeze film damper (ERSFD) was
established through numerical approach. The governing equation of the fluid block was ob-
tained by Reynolds equation and the equation of motion of the elastic ring was solved by fi-
nite element method with thick plate. The coupled equations were solved through block iter-
ation method. The transient pressure profile of inner film and outer film were obtained and
the force coefficients of ERSFD were identified. The results show that the height of the boss
has significant influence on the damping of the ERSFD. The increase of the height of the
boss from 0. 15mm to 0. 30 mm results in a drop of damping from 5790 (N « s) /m to 718
(N +s) /m. The stiffness coefficients of ERSFD have close relations with the thickness of
the ring as well as the number of boss. The increase of thickness of elastic ring from 0. 8mm
to 1. 0mm leads to the increase of the stiffness coefficients from 1. 44X 10° N/m to 2. 51X 10°
N/m.

W %5 B 8 :2018-05-23
HEB :F%K A KBRS (11572098)
YEB BT : ERAR1989—) 5 1 bk, T M FRHL LA AL 25 & S HLE 5 ol BELJ 2% 13+ 55 5 St e wF o

Sl BRI G A TR L AL SR TR Y 5t R X I R L JE R A T 3 O 2 Rt R BCR BN LT . Wi zs B J 4. 2019,
34(3):635-642. WANG Zhenlin, LIU Zhansheng, ZHANG Guanghui, et al. Numerical modelling of elastic ring squeeze
film damper based on thick plate and force coefficient identification[]J]. Journal of Aerospace Power,2019,34(3);635-

642.



636 i o= 3

no iR % 34 %

Key words:

force coefficients; elastic ring squeeze film damper;

fluid-structure interaction; finite element method; Reynolds equation

H A 20 42 60 4E 4R Cooper i@ i 92 40 4iF
ST R 5 A B DRCAIR O L B R BH E 4%
(squeeze film damper, SFD)7E Tl 5 DL M i 25
K S AL SUEARAT A R Z BN . B s IR B 2
i DR HC 45 4y 17 B R RO B I A R X T AR
Bl T H 45 TH v 0 e AILB, T e AR A I
Wz ER RS T R AR R B L

Wit R, 2246 2 1 SFD W] LA Jie % HL A
PEHERE E AR JE L 75 5% 1 28 G A I A5 3 Wt 3
AT R I BELJE o DT L2 42 11 4 2l i (B3 1 1l
UG AL 5 ST 25 R 5 BE JE 4% B IC A5 £ Al
DA 00 300 9 00 LA K% B I 1 28R o AT S =5 0 A1
JE e TR AE () AME SR B . SFD (1) 3 S8R DL e
ZRH TS SR TIF2 L1 PE U TR
FEARN G328, A OC SCHR L K AIF 58 AR L L 4
% . SRMITESZERAE b, i T SED il B g J2 4l 3
37 RIS ) A 2 P R B, A A e O R B
Kl 42 T iy SFD 23U o 20 A Ze PR 1k
S AR BHLJE A 2% 25 D8R DA K AR A& R B 114 2 2L
W I BELJE % (0 5% 5 &R Ge AR A ) S A R 2
AR A D o 3 2l S AR L v AT ) AT e B e
%4547, N T 2% SED 1y Mg . 4 i SFD
AR LR AT S AT ¥ R BEL JE i 1 B VS L 1VF 2
S R R R B B AR A R
FME Y LA 4 JE AR i 2B R BREBELJE 7R A A
% TR i I BEL 2 %% (ISFD) ™, i 28 2K % T 3o e
FHJE %% (ERSFD) 4%,

s B 2B He ol B BHLJE e B 45 48 dn 181 1 BT
7% ERSFD 254 T ISFD () 45 #4 55 £, 6 P9 S0
3 354 A W T 42 T8 45 40 BT DA A il
o A £ 3 0 il R O G D) R R 3 T G
fitk o DT RS BEAT 19 ik BB 18] B2 2 350 1 R 22 A ik 57 Y
M o R R A B Lk 35 L R R VR R AT
AT A B R AR T o A8 A5 A i JE 194 o J5E 2 2 il
PRI L AT S A R I . ERSFD 454
TRl A FR B I iR B JE # (MRSED) #1] F 4h 24
125 By R I R T TR TS ) I AR g Al 2 Y
VEJH [ SR 40 T ISFD s a2 0 (B 30 45 44
BT N RO S SRR Bk, |
T ERSFD Z5#4 e85 J, TR N5 St L8
5, PR 28 T 1Y SCRRER L e /b . ) B 45 30 T i
T A xF ERSFD B A5 JF A & i 5 B S T

s IR B R T IR RS 8 P o R W A
FE S8 B S a1 R R A PR T O VA F 5 S A 1 R
FERRPE R G0 0 A vk R A W A TR L O
IR gE AT T8 UEY' . ERSFD 1% 1 b Ay B
FH 45 et % B, ERSED 1] L 51 B 47 9 0 8 5%
R Xu ST TR IR N L A A 3T
ERSFD g 71 2R PE 52 m , 45 T BRAR A5 1 T/
FLI AR A s Zhang S F A& i R OFE T
T B 7 6 M B 04 VR L O R 3 3A 1 3
J12% 07 B IS T B IR 0 R B AR

kAl L& 1, T ERSFD 45 #4 41 Fe A4 45
BHJE 5 b 52 2, H TAREDLEE P K sh F 3 W - 9 [
FAr o DA S 2 fil 45l 2 v ) 0, B AT LI
BN 56 3 1 43 M B 7Y K 1 B ERSFD 1) TR #l
B, 55 ERSED [y 5 11. A SCH] S i B e 2t
SET PR ER I A BR G A AL W] B R TR O R A
7 PN A T RS A 4 ) 7 R

st

¥ 1 ERSFD %5 #47/8 & &
Fig. 1 Geometry feature of ERSFD

1 HERHFEE

stk 2R A T S BEL 2 75 1) P9 A0 B 14 [ gt (L
— A L A /N TR B E S B R #R AR I L C/
R<1, - Hi THE# LK dPE A 5 1) B %%
i 822 BT BRI R b AR a2 3 i EORR
BN AT LA Ry BELJE #5 N A 3 B R 2 R A
AR SCHIF S 1) S W AT Al 1) 28 3, MR 2R B S /N AL
() ERSFD, it 5 F DL T B % & 37 ERSFD 1 45 1l
TR

IR 48/ %5)

2) A% G ARBE

3) Z WA

4) N[ AR



5 33

R - T IR AR A A R S R i 5 R A S A L B g 2 A R HORU 637

5) JR Ui 5
BT LL b AR R LA S o g B S T A
FHLJE & 9 2 1 7 72

d dp J ap dh dh
2 (pr 22 Rl — an In
9z< 3z>+R290< ae) 1205, 764U 235

@)

PR B ok S ) DR R T L 23 i) e R
hy = C, + ecosl—«

hy, = C;, +« (2)
b GGy 43 51 33 30 =X 5% T il T BEL )2 4% Y
TH I K2 A S (B) B o e =xc (0, 2) SRy FPE I 45 1) A
JERRE . T N A R 3 S B ) B 2
AN ST P R S s A — A i A T — S sy
AR A T 5 385 K S T BB 0= - T P R TT L
2 froR .

B2 A B A ORI

Fig. 2 Calculation domain of single film chamber
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Fig. 3 Boundary condition and status of elastic ring
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Fig.4 Thick plate element in natural coordinate
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