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Fig.1 Model of coupled structure and wake oscillator for

2-D VIV

i S
VU2 + 72 U
U

VU2 +V2 -
R4 Lighthill g3 a5 O, G52 B0 S FF FL B
W H PR A AL RR: A TR R BT A B
F, FIH M mis & 5HEKR TN F, Bilts

mY +cY + kY = (F, + F,)cosa + Fpsina  (5)
HHNERE DR Fycosa FTHMAKTES
Hom s e e, B

Fycosa=—Ca

(3)

sina =

Ccosa =

1 (4)

wD?

4
XHE, Cy BREMKMRENRE, D AR
HRZ, #X 6) fRAKX (5), B3

by (6)

D? \ . .
(m—I—CA ”Tp)Y+cY+kY = F, cosa+Fpsina (7)

%S Cp I Cy 23 5 A Ha B R BN T R %,
Fp T Fy #2238 505 518

D
Fp = CD%UQ (8)

F, = CV%U2 9)

A AE BT P SR A5 SRR R T 1 R
B, xRSy B TR A A R RB AR R



# 3 M

ROFFE  BIEERBIRSI S - B TR SRR 5 359

H. O R—ANEERSH, Krenk 2% O BEHIE
TR R R RREEZ W, AR i
Cy 5TE MM b BA: E e R &R wp/w, B
B—EMHFIRR, XB wp ARFAEA T #k B A
BRI, w, AEHEABR. LR RE
B, ETLERRBEE U WD, wp/w, <16,
HAFBE wpfun REW; B U* 8K, wy/wn > 1
W, ANBREE wp/w, B, BMASCRH B
FoR Cy. UV FRMTBREERE, MRS C, 1
v
alii
Y = Awy/wy

Cy
(wy/wn < 1) (10)
Y= Mwnfwp  (wpfwp > 1)

$3 (8)~(10) AR (7), BE

wD? \ .. pDU\ - B
(m-I—CA 7 p)Y+(c+cD . )Y+kY_
pDU N -
Qafﬂv (11)
N 7D%p
EXRE mg = m + CMT ; E m* =
4
T C = 2w, , H C BRAHIRLUR s 4
wpD?’" my
k
%@ﬁﬁ%wizag,ﬁﬂD%ﬂ%ﬁ%%%%
¥ 5 sl 5 72
v+ (2@” n %)Y +wlY = 7r2DUTZ* 7 (12)

EXTRENER y =Y/D, v =V/D, TR H
t=Twy, REITRENLEN IR TTRE

% 20]) U 1 2 w% _
2 U 1.
— B’Yw—f (13)
U ol
EUTRARREE U = = T ERW
faD wpD
n U - ’
5:%,W:mﬁ%,%ﬁ%%mﬁmﬁﬁﬁ
y+(x6+ o )y+ﬁy: T s (14)
m2m*St m2m*St
1.1.2 BRETFHE
R FRE— DS S, X NE R

JOi 4 A 1) RGBSR AE, AT AR — AR A g R A DO
Ko, AT LA FShAE 2 & B BCT B SR, FF

XN T 25 Tz B A AR, DT RN E o)
KFERRBIWIRFRIZES), van der Pol K KR
FHRe TR A

b+ ewp(v? — )0 +w?v =f (15)

HH, & 4 van der Pol 2%, f ALENEF=Z
J1. ARG U A A 1 0S5 ROAE A A Bl B ARSE
RN, f EEE LAREFEIS: —WAFETEH
fER 7, BPJTRE (11) BBt 7 —3B 45 T ik
mmREIR T BRIRFHIZ A

, :
Fu:—(—cxﬂa‘ﬁ>+ngwv) (16)
i (16) MERNFIARA
_ F B T
f= pD?wJ% N CA4y 4rSt’ Wl
W) TG B2 4 B A i T iR 3 75 R A
i}+6<02—1+4wgt£)®+U:CA%y (18)

1.1.3 AR
A SO TE BN eI 1F A 1 BOUE R e A
B

¥ CD i D §i %

y+ (245 i 7r2m*St>y oy = ﬂQm*Stv cH
i 2 _1 r)/ . — E.. 2
U+€(U + 47r5’t5)v+v CA4y (20)

TR HE Ca = 1.0, itEFHE Cp = 1.2,
£=03,1=08.

1.2 ZHRAZFH/AKRE
1.2.1 ZMRshiR

S =2 VIV RS, SRS )12 3 i
JE R AR A = AR S AR IR T,
JR 0 R T IR v B SR R i S 5 A L AE Z TR I
FAAL A R [ — 5 324k W37 o 2 7™ AR 3L 1] 3 B
Fe Fofb =430 005 4548 (¥ 9 Sl e 1) R AN 5T I,
HA— BT A [ 1 A7 B K 454 H 9k 30 1 50
R, ORI R I RE AT RGN X SRR AIE £ = 4
VIV 385 A RAARR. =48 VIV W
BRAME 2 fros, DL Z Fonfeim AR, RIS
BT AL O B 6] 5 g 1) ARAR TR B Y (Z2,T) , BB
BUIR A AL NI BE R e, = 4 454 R SR 1 ik 3h
T A

o’y 9y i

82y
o i T -
Moarz tear T g

i =F, (21)

VA



360 i) il

K, EANZHpsss, T ASHKBRETERE,
EI i AZHEPIENIE, T. AZHEAMAKE EZ
WS, F, AEWEREZIN R, 4410
FEWBER T, R m JRH8 6 B P 32 3 5 1 )
524G 0HME, H Fy = Frcosa+ Fpsina, HH
F,=F, +F, B o BIETFHRR

, —9Y /8T —9Y /oT
Sin o = ~
VU + (0Y JOT)? U
” (22)

CoOs&x =

2 (VD)

Z
v
A"
\E\AXV
U ¢ E
\ J
\ A,
e < /\/‘\U) —
e N " Pt ol S H,
i ~ U q X
St
D

B2 ZHMeRABUrEE

Fig.2 Model of coupled structure and wake oscillator for

3-D VIV
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Fig.6 Vibration of 3-D slender structure ender uniform flow (by present model)
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Fig.8 Vibration of 3-D slender structure ender non-uniform flow whose profile is sinusoidal (by present model)
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Fig.9 Vibration of 3-D slender structure ender non-uniform flow whose profile is sinusoidal
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THE STUDY OF VORTEX-INDUCED VIBRATIONS BY COMPUTATION
USING COUPLING MODEL OF STRUCTURE AND WAKE OSCILLATORY

Song Fang? Lin Liming Ling Guocan
(The State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China)

Abstract A new model of coupling structure and wake oscillator in vortex-induced vibration (VIV) is
established. It is based on force balance between structure and near wake flow. The nonlinear near wake
vortex dynamics is modeled by a nonlinear oscillator satisfied the Van der pol equation. According to the study

of 2-DVIV, the coupling model describes the features of response versus reduced velocity qualitatively and

*
max

quantitatively. These results prove that the peak amplitude of structure A decreases as the mass-damping

*

(m* 4+ C4)( increases. An empirical formula on A% ..

versus (m* + C4)(C is obtained based on these results.
The present 3-D coupling model is employed in the study of 3-D VIV of flexible slender cylinder. Dynamic
response behavior of uniform flow presents a change from standing wave to traveling wave. Under non-uniform
flow whose profile is sinusoidal, the structure vibration is a combination of standing and traveling waves along
the span. These results are similar with those from direct numerical simulation (DNS), and some other previous

results.

Key words  vortex-induced vibration (VIV), interaction between structure and fluid, coupling model of

structure and wake oscillator, dynamics response, numerical computation
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