noF % #
Chinese Journal of Theoretical and Applied Mechanics

43 % B 2 M
2011 4 3 A/

Vol. 43, No. 2
Mar., 2011

K T E AT SR R B S 5

HEF-) ¥ B OKREERT Bk

*(HEWEEAR R G TR ESLRE, 7% 266100)
T (hHE MRS BE K TR A 38 %, b3t 100027)

WE AETRAGRG NI T R0 B AL AP B b B W 2h WA, ST T A 160 35 R SR 16 3 R 3l i SR
SIREERR, I THRE RSP B HERMIRS AL E TR, BESRY, EARKTE (Fik)
B, SR I A M O 1 9 Bkt 30 -5 8 1 3 ki 30 o0 30 R ERINR B LU RS TR o5 ZE ARSI IX, I A W 1
SR 5 R 1 AR R AR R, FEBUE K, B WA 1 SR 3 R B A RSB R WA R IX, A

160 4 W 5 B o IR W B 2000 L, WA DX, WAL 1) i - 1 ik R R 24 2 1/3~2/3.
KB wEIRD), AERS, ARG, MKahit Ry, BRRE

FES#ES: TU3LL3 XHRERIRED: A

5l

il

% 55 ¢ T VAR B B IR B s L AR DL S LA B
#y, Bk, AP R WAL B W ARE 1R B A, R
PR AL, &G MR Bl 32 Bk TE I R A 1]
R s, A PR SR N T LR . ARk, B
FH PRI R AW MK R, WAKSLE BRI
W Z R BORBRE KR, A R EAKLE K Wk
SIS IR ER 6 BEE KR R, WKL
RSP K, i m i A SR AR 3 (vortex
induced vibration, VIV) WF57 i is K i a B, R,
BOKSLE ) VIV ) e B AR VIV BRRE T
BHIPRER. BT RA AL SE T R R A K
FtE, XREBGEAAA VIV §F TG 15 K 8.

WA, S VIV BHEINA, Mg VIV 5§
R, RME VIV BRKFGE, HR\EE, ALl
Amg. B, F5E VIV AXAUIE B 2 5 e it 8BS
RS HEKLERH R CERE T A5
VIV BIBFESE R, R 2 (8T 58 FF 4 5 1 WA 1e)
B VIV,

AR SO TR RIS T 5T T K SR 1 B A i N e
HHE VIV 3L, #F50 TR R VIV filEE VIV
RIS IR C R, T 75 RS A A B R R
B4R VIV 2P Hri 2.

2010-08-02 W Z% 1 #, 2011-01-24 BeF & 5.
1) BRAERBEEGRBWA (51079136, 50639030).

2) E-mail: wphuang@ouc.edu.cn

XEHS:

0459-1879(2011)02-0436-05

1 REHR

IR SR A 20 mm B A2 G PLB I I 1E,
AT S AR AR SR B e PR R R e, BRI R
R AR . AR A AR AR B B R AR,
AT [R) A 00 AL 1) AN T Wk B, A (R — AT 23
WARFERMERERAET 4 MNEF. AT
S 15 R A B A7 530 2000 e B S 0 R, K R A 2
AR R B 3 [ A B A AR

WAL PR X IR, WA ST BB KR
B YR A DY-28A B2 0 A8 (X I &, T o R
OA B BRI Thae M AL & . 5 H4 R A DASP
£ T e B R AL T R 48 INV306G XHAERL () 3l 7K &
TR Bl w3 AT B SR HE A

2 RBAERSWT

Bl 1~ B 8 Rl M T ARBRLL fuffs(fu A
FRIE A R, fo 4 Strouhal i) B AR 2 i I
Tei] RS [ 908 R e 3 R o 2k MR (A T it 2k, NI 3
FE 4 AT CUE H, ZBIR ) A 53R 5 e R
WRZW foffs =0.86 B, MM S8 VIV 03
W P A AN TR, ELX N B E AR R, 4
A 2.9297Hz F1 5.8594Hz. ‘B4 B4R 345 1w I
T B e SR, IR T VIV M 3 3 R 3 e 4



® 2 M

WU - KSRVEFAE AR A b B R 3 IR F 5T 437

5.8594 Hz, FWANAR 7 VIV 005 2 4 5.8594 Hz.
BEU ] VIV M 3 3% FR) 32 0605 38 04 2.929 7 Hz, R W B4
) VIV W 33538 4 2.9297 Hz, Bk, N ) 5 85 1
VIV Wi AR Z W fu/ fer = 2.0 fur AR 38 3 ) Mg
W, for AR 0] W BETR), 5 1% 52 B I8 Wdik 3 2
B—B e, B R E VIV LT E i R 5,

22 WY 0% T I v e R U B AR R e . LU 1
Bl 2 A0, SN S8 m VIV m N H R 2Z

0><10 i

Ut

1.0
0.5

o Wil LA A i
Tk e LA \I‘llH'HHH‘H‘

\\\H\H il
R

strain /pe
=

—-0.5
—-1.0
—-1.5

-2.0

0 2 4 6 8 10 12 14 16 18 20
time /s

B 1 i VIV B (fo/fs = 0.86)
Fig.1 Time history of in-line VIV (fn/fs = 0.86)

x10—°

2.0
1.5
1.0

o W 1|f

—-0.5
—-1.0

—-1.5

strain /e
=

il

2 4 6 8 10 12 14 16 18 20
time /s

B2 B VIV REEZ (fo/fs = 0.86)
Fig.2 Time history of cross-flow VIV (fn/fs = 0.86)

—-2.0
0

250
5.86
200
150
2.93
100
50 J\/
0 M — s, -
0 2 4 6 8 10 12 14 16 18 20
frequency/Hz

B3 g VIV ik 2k (fo/fs = 0.86)
Fig.3 Spectrum of in-line VIV (fn/fs = 0.86)

1.4
1.2 2.93
1.0
0.8
0.6
0.4
0.2 /\\\

S SN LN
0 2 4 6 & 10 12

frequency /Hz

14 16 18 20

B4 Bt VIV IR R (fo/fs = 0.86)
Fig.4 Spectrum of cross-flow VIV (fn/fs = 0.86)
0.8

i
i

x107%

strain /pe

—0.6
—-0.8

: lil

0 2 4 6 8 10 12 14
frequency /Hz

16 18 20

B 5 MR RS A L (fu/fs = 0.75)
Fig.5 Time history of in-line VIV (fn/fs = 0.75)

x10~%

1.0
0.8
0.6
0.4

02 /m
=

T

—-0.6

—-1.0

0 2 4 6 8 10 12 14 16 18 20
frequency /Hz

strain /e

K6 AR RSN R (fn/fs =0.75)
Fig.6 Time history of cross-flow VIV (fn/fs = 0.75)

2.0 B, R VIV iREN TR VIV iEE, K
B KRR LG (NS 3 1w 4 il 55 48 1) SR W 2 L) Ay 0.32.
LB 7RI 8 BT DAE Y, MR E A HR S
HFEWE RIMRZ W fu/fs = 0.75 B, B 5 8
VIV i 3 3% o FF — AN A [R] i e {H 351 R 1.562 5 He,
XEW, MRS A ) VIV SR A F].



438 ) £

¥ H

2011 4 43 %

LR 5 A 6 mT %0, M4 W 5881 VIV 5 AH
[ EF, B 1 B VIV 3R iR 548 i R i B A A ], X
T fn/fs = 0.75, ﬁ%k'ﬁﬁfﬁtﬁj@ 1.15.

x10°

0.6 1.56

0.5
0.4 \
0.3

|
0.2 |

j N
0.1 v \\ﬁ ' /’\\/’/ N
~"

/,\_/’\\__,-—/

0 1.0 2.0 3.0 4.0 5.0
frequency /Hz

B 7 s VIV Rk (fo/fs = 0.75)
Fig.7 Spectrum of in-line VIV (fn/fs = 0.75)

x10°

1.56

|

0.1 / e
~
/
. PN TN

o

0 05 1.0 1.5 20 25 3.0 3.5 4.0 4.5
frequency/Hz
B 8 B VIV TRk (fo/fs = 0.75)
Fig.8 Spectrum of cross-flow VIV (fn/fs = 0.75)

WA SRR, BRI WA [e o8 SR S R 5
16 08 WA S R LA S kA R, WHS
BRI A FRA <. MFEWET, 3.0m R (f, =
2.76 Hz) ffE ) VIV JiRE T 4.0m #&H (£, = 1.43)
IR T VIV SR, R 030 3% B 18 A 4 [ A 000 R B
FEARTI RN, XA BT 5 I, By, S5 R
A, UL A 5 25 A I AR Xk 2 B AR AR, T b T i 5 B
YT WAR S G BRI L, W0 R 5 WiAR R 2B
B3, WA ERENE. Fi, St RER
fs = St-U/D R R [ % B A A4 B e 5T,
TPk B AL, o R AT SRR

g=20 020 )
e, U ARE, « AREAEBRE®EE, DA

212 SER

MWE 4 FiE 8 ATLLEH, 2 fu/fs = 0.86 K,
VIV BSR4 B>, SIAHBENL I RRAE, HoBE
VIV ER—# il Rsh. W fu/fi =075 K, VIV
WIS HE 22, N B SRR K, B LR AE S
il

R REN, HTEWERZENRERS
TERAE VIV oA — AN RS ARE R 3h. Bk, i
JoE Tt IS | F) Bk sh e By A Iy AT R OR A

fo(z,t) = %C’DpD(U — &) cosdn fit (2)

folet) = 3OppD(U — &) cos2mflt (3
fulet) = 5CupDU — ) cos2nflt (4)

He, COp AHRNRE, p AWGEEE, CL AT
F1Z % K (2) AFIIEFE TR EGRSIHT, X
(3) AT ARIL I i PR sh 2 A

3 RBRENIRE

WL, T RREEAEE, HEESER
oo, B, BEAEAESxRERIsigE k. T HE
AR BT 10 A8 170 4% 30 B0 AR LR W, R 5 L AR
ER MR 2. EREAR—NEsh N, fEg
5 B FE A B AN S BE R /NS [ #RAE AT AR AL, 3
BBl B AR, AT 38 BRI e i 7 A 2K AR A
T T T it v A 2K 1 38 1 5 503 16 T 1 0 Bk sl 4t 1
I B Fde kAN SO B AT 44 B 32 3l 1«

T B, AXRET—NHBEHRADAH
JRE AL I R A ) R SR IR AL AR S 25 R Bh g VIV 23
P

(m 4+ my)i + ci + kx =
(1) + 5CopD(U ~ )|U ~ i (5)
(m4+ma)j + (c+ca)y + ky = fu(z,t) (6)

X, o ABEAEARR S HEERE, v oA B
W25 PR, = N B AER.  ma A TARE
BOMBTE, ma = CampD? /4, Ca HMHMBTE REL,
ca APWAEBIMIELE, ca = CopDlyl/2, y A EHE
PR 15 i Bl

B9 4T RAZEE BRI ka5
AEBER SRR ML, HEN, 25 CL = 0.7 Hl
Cp = 1.2, R4 T 3G [12] Bk g R, Tl
B, ASCRHOEE SNBSS REANEENT



® 2 M

WU - KSRVEFAE AR A b B R 3 IR F 5T

439

12 WL AW & 8E, MAAMERAT 12 /i
B P, ASCRERL R T PR ST

1.5 T . .
q present study
. . J&W [12]
+ <
< super-upper branch
1.0t «d 4
<
Q 4
S~
< 4 lower branch
' a o qa %
A <
0.5¢ 4 4
o N initial branch * ‘. <
@ ",
4 .- < 4
0ld— . : : . . : :
0 2 4 6 8 10 12 14 16 18
reduced velocity / Un
B9 Bilm VIV 5443 ERR
Fig.9 Cross flow VIV vs. reduced velocity
4 HRIE

W 5 04 T T R AN T T BRK R, K S B
T AR Bl ) BB R R T | 2 AR SN TR BB SR
Bl & ROV R BRSBTS TAE A WT R A, A
368 R Bl 0 B 7 kB R B R R, B
FE 3 WA S Pk R K S e Wk Bl e AT B R BE. AR
BT RBHI T KR EAEAP A B R sh W
R, BRI T K SR TR A [ A 30 R i T v L i
AR S ET R W, AT TR E VIV S5 VIV §5
REHERR.

WEFT M, KSR (B A A i B IR 3 72 A () 37
TR R AN F B R, BT WE A, KF
P 5 A B A 030 R 00 e PR S A R I R, AE
W B AR AF T, ERE T BAE A 35 ik s A
X \FRREETE). B NA, WKL Bk, M
7 SR 1| VIV X958 55 463 7 1 3 Wi

TR A PR B PR, A SCRIWE ST & A7 AE — &%
ASEF R TTE, BF5T 4R R — 2P KR,
RN T R K L B Wk s A B A gk —
A HIBEST.

2 % x #

1 Xu J, He M, Bose N. Vortex modes and vortex-induced vi-

bration of a long, flexible riser. Ocean Engineering, 2009,

10

11

12

36(6-7): 456-467
Xue HG, Tang WY, Zhang SK. Simplified prediction model
for vortex-induced vibrations of top tensioned risers. China
Ocean Engineering, 2008, 22(2): 291-302

Josefsson Per M, Dalton C. Vortex-induced vibration of a
variable tension riser. In: Proceedings of the International
Conference on Offshore Mechanics and Arctic Engineering,
San Diego, ASME, 2007. 215-227

Srinil N, Wiercigroch M, O’Brien P. Nonlinear multi-mode
interactions in subsea risers undergoing vortex-induced vi-
brations. In: Proceedings of the International Offshore and
Polar Engineering Conference, Osaka, ISOPE, 2009. 1329-
1336

IS, RTHE, FHE. BISORU T KRR B0 52 1 Wodie
. KBTI SHEE, 2010, 25(1): 50-58 (Cai Jie,
You Yunxiang, Li Wei, et al. The VIV characteristics of
deep-sea risers with high aspect ratio in a uniform current
profile. Chinese Journal of Hydrodynamics, 2010, 25(1):
50-58 (in Chinese))

AR A TR S I WOR B 1 S Y
. REHTKRY¥,

Investigation of Vortex-induced Vibration of Long-flexible

WLig3]. X
2009 (Zhang Jiangiao. Experimental

Marine Risers. [Master Thesis]. Dalian: Dalian University
of Technology, 2009 (in Chinese))

Huse E, Nielsen FG, et al. Coupling between in-line and
cross-flow VIV response. In: Proceedings of International
Conference on Offshore Mechanics and Arctic Engineering,
Oslo, ASME, 2002. 835-847

Hansen EA, Bryndum M, Mayer S. Interaction of in-line
and cross-flow vortex induced vibrations in risers. In: Pre-
sented on 21th International Conference on Offshore Me-
chanics and Arctic Engineering, Oslo, ASME, 2002. 551-
557

Martin Sgreide. Experimental investigation of in-line and
cross-flow VIV. In: Proceedings of International Offshore
and Polar Engineering Conference, Honolulu, ISOPE, 2003.
585-592

Dahl JM, Hover FS, Triantafyllou MS. Two-degree-of- free-
dom vortex-induced vibrations using a force assisted ap-
paratus. Journal of Fluids and Structures, 2006, 22(6-7):
807-818

Sanchis A, S@levik G, Grue J. Two-degree-of-freedom
vortex-induced vibrations of a spring- mounted rigid cylin-
der with low mass ratio. Journal of Fluids and Structures,
2008, 24(6): 907-919

Jautis N, Williamson CHK. The effect of two degrees
of freedom on vortex-induced vibration at low mass and
damping. Journal of Fluid Mechanics, 2004, 509(6): 23-62

(F1esst. x4 H)



440 H1 7 L Eird 2011 4 F 43 %

ON VORTEX INDUCED VIBRATION IN TWO-DEGREE-OF-FREEDOMS OF
FLEXIBLE CYLINDERS Y

Huang Weiping*?) Cao Jing! Zhang Enyong! Tang Shizhen*
*(Shandong Key Lab. of Ocean Eng., Ocean Univ. of China, Qingdao 266100, China)
t(Deepwater Eng. Key Lab., CNOOC Research Center, Beijing 100027, China)

Abstract In-line and cross-flow vortex-induced vibration (VIV) of flexible cylinders is studied based on the
VIV experiment. The relationship of two-degree-of-freedom of vortex-induced vibration of flexible cylinders is
also investigated. A nonlinear model, with fluid-structure interaction, of two-degree-of-freedom VIV of flexible
cylinders is then proposed. It is shown that the ratio of the frequencies and amplitudes of in-line and cross flow
VIV of the cylinders changes with current velocity /Reynolds number. The ratio of the VIV frequencies is 1.0
beyond the lock in district and 2.0 within the lock in district, respectively. And the ratio of the VIV amplitudes
is 1.0 beyond the lock in district and 1/3 to 2/3 within the lock in district.

Key words vortex-induced vibration, fluid-structure interaction, vibration in line, oscillating drag force,

model test
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