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Abstract: The Vortex-Induced Vibrations (VIVs) of long slender flexible risers in deep sea are related to but different from VIV
of rigid cylinders. When their aspect ratio (L/D) is large, flexible risers will show some phenomena that rigid cylinders do not
possess. This paper reviews the progress of research on the VIV of long slender flexible risers in deep sea in recent years. It focuses
on the numerical studies and summarizes the frequently-used numerical analytical methods. On this basis, it introduces the research
hotspots in recent theoretical study and practical engineering, such as the influence of flow field profile, the coupling of floating
body’s movement on the top of risers, the suppression of VIV, and the multi-mode vibration.
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Tab.1 Several VIV predict software and model characteristics

Model Model Characteristic

The time domain code ABAVIV has demonstrated the ability to reproduce basic features of
riser vortex induced vibration. It uses the finite element software package ABAQUS to
calculate the response from the VIV forcing. ABAVIV captures structural nonlinearities and
the transient nature of the VIV phenomenon.

ABAVIV

The SHEAR7 VIV response prediction includes Root Mean Square (RMS) displacement,
SHEAR7 velocity, acceleration, RMS stress and fatigue damage rate as well as local drag
amplification coefficients.

The empirical database in VICoMo which is based on tests in which the flow was
VICoMo perpendicular to the riser elements. The timeseries from the experiment showed large
temporal variations.

The program has adopted a pragmatic analysis methodology based on experimental tests
and rigorous structural modeling. The purpose of the program is to include high-harmonic
effect on fatigue, to add new database based on field data, and to improve the reliability of
the prediction.

VIVA

VIVANA is at present limited to compute vibrations orthogonal to the current velocity. The
hydrodynamic model in VIVANA is based on empirical coefficients, while the structural
model applies a non-linear 3-dimensional finite element formulation. The program is able to
work with an arbitrary distribution of tension, mass, stiffness, buoyancy and diameter.

VIVANA

OrcaFlex provides fast and accurate analysis of catenary systems such as flexible risers and
umbilical cables under wave and current loads and externally imposed motions. And It is a
fully 3D non-linear time domain finite element program capable of dealing with arbitrarily
large deflections of the flexible from the initial configuration.

OrcaFlex




182 F1# 2T 38 %

1.2 7 CFD gy {EiERY

F T IR 3 T AR AT S (R KR SR T /K IR AE 10 2K DA FAR RIS, 59K B b, F74ER
BE P E AR, eAh, EATERRHR AR VIV 4007, S20RARI L, CFD KA AE KR ek
W, SRS s R AT B, S B L AE BT AR R EN I B B, X R T
N AR BT I 18 4 5 K3 7 S W R R . b, MR S S B SR CFD AT
VIV B 2 —, He BT R R AR [/, AbF 7 23 B4 DL R T

(1) 3T BRSO AL (DNS),, SR FH BB RAAU 10 J35 FT LAZE 2 IR ol R B 1) 358, 720 8 R 375 47,
SR TR R, N R RE A B Rl v 7 [ A A 1 A R A 9 R B K
T4, 7 T P L 2,

Evangelinos“ s Fl DNS J7 326 K40 b Ay 4 77 {9 [ 52 [ S A KA L Ay 378 122 M S 45 (1 T S 30
S HIFFRE T BUEMIIE 5. 7€ Evangelinos 1 TAEHEREZ 1, Lucor” jE—21 Rl DNS J7 =& T ki
JEEF RN RFIFTG, ST KAk T 500 RIZL1E S iR ah 1 ST 7 Bk, 1
FRSC T M A S HR SR A T DI b, SE R IR ORI R . Bl 2 S R, TR AL Y
Y R PR R AN BUETE 3 WY, TTE SR ECIE LR DI P S R RS IR, SRARE A
3% 12~14 [y, Lucor™ %A1 DNS J733 %5 B L i R B0 MR 3 1 S AT B R0, 4] T i
SRS ARG 3, FEE SHF T KA L4 305 R 4y SOk I (37 4 R

(2) EFEWFHI(RANS), RANS J7iditt N-S J7 AT I B0 ALTE, 597 8 Hh fr Bl ot P A6 R 5 43
RN S (RS R M2, IR LR 20 B SN S P S AR A a3 . RANS 79 R 1 ek A e
1 WU RERRAE ke AR SST k-o #841. RANS (UHE AR 8 i, THERCRR, AL I 7
BRAT, IR H i

# BPR A RANS 7738, 5T Fluent #) UDF ShAETFIE 1 41Ktk SLAERE A VIV (90 i o,
7 FF AR X B TR B DI % 2 (040K e S A AT T R IR T, T S SR g SR
0. TP T RANS J795, 45 & A BRI (FVM). T 2 R0 B RRRIE(ALE), &7 T 45 B A
BRI KRS VIV2D, FETF IR SIS TR, STUl Ze e I IR 30 (0 8 L. Schulz
R Meling™ % & RANS J7 iR FRICE KB FRE, Bar T —Fh 2 m IR E, 407 7 S5O0 F etk
SEAEYREAR S L Schulz 1 Meling™ 0 e 7 VA EAT 7 il i 5 S 10 R B B L S e 4
#7. Huang 1 Chen™ s Fil RANS 755 K- 4 b 3y 1400 [ 2 ST A5 7E BT 17 rh i) VIV I SEHEAT T T8 B
J&» Huang Fil Chen™ S it — 35 3K 41 Jy 3300 48 Bk 25 3 B 18 15 5130 10 VIV L BIHEAT 7 $re sl o3
T A3 2 S P K TR0 7 99 0 T e T 807 I AT 1 RS R 5¢

(3) FETFRIBMI(LES), LES Jyisffyhak th R st 75 1] O BE ML T, HEWEI X 40 KR BE IR/
JRBET B NE D B0 B PR R B REAT I, T R A R P O B AR sk P L. LES 7
VX R BSOS B5, TSR SR L RANS %%,

23R LES Hik, EE TR ANSYS+CEX, Jid ANSYS (7 {5 4T & workbench 523
MERES, BT 51BN F RS R SR . B4 R, MR T, 3R
5| ) 37 MR B S R SN T A09R. SRR SR LES Jrvk, 2ET Fluent+ANSYS F6, L
AN T HIZAEST 1 VIV k. o ® SR LES 73, Send — 4 BUREAT T ¥, iR
(4T 2R R TR K 0 77 B, TR — 2 6 A LA A PR PS4 VIV W REEAT T 42497 . Kamble 1 Chen™
K LES Jik, Giar MBI HEA, SHKAILLS 519 1400 F1 4200 ()57 () I BIRENHEATHIRL, JF




234 JitE, A RIS RSB R AR S BUE A T AT Tt 183

XL D7 B REAT T 0 Hr

(4) Z:T B EdR 7% (DVM), S8 IRz AT E 8 B TR R i 45 A4 K 32 ZOR L, SRSk I H
THERTAA R E s e, BRI e RS T RIS S R XY 1 TR R, A5 N
T =4Em .

T L B RO R, R TO T 2 BT AR 1 4 B A R — N, I BB 4
(CRLE, 5 AR 2R A i 2, 3Tk 58 8h, TN % E 0 4 85 A B, Chorin™
B2 HHE TR A B — R AIR TG, KRS B AL B T, EIRTIEEh, A A e
. Yamamoto" i ik 75 A5 ) Fr bR DVM T2 sRARIR 70 MR- K 2 M SE A 11 VIV . Limal ™ T
DVM J5 =00 T B ELR 10 VIV W25 4347

1.2.1 Pk

F TR LA (Al ) RBE R R, A B ) O R P T R R, JE i R ATk CFD 558, ZEAH
SEIX FEAN I 1) = SR SOR R AR R . — AT AR i 5 i R W S A R e B AT, 7R
T F N CFD 7383k E/KEN 11, UCNTERRTH BT AR K VO A, 2 BTS2 AR 70 vl DA Sk
AR I EAR R EMOTEETRSIAL 2%, WA BRE R R AR S0 30E 5iE 10 240,
YIBEALHI IR, TR, TR ST VIV IR B () — i E s R . iMoo ) ik,
W LT, it = 2 7 [ R A S e R

BT YV BIFRMAK TS VIV S RIARI R 2, FBIRAIYIY B0 Herfjord ™, H5F
KT —BREEA SRR, Hd CFD HR YA H 6 B MO 9 NAVISM 15 CFD fRAiE47 5K
fi#; CSD REHCRF USFOS fITHEARHS . ZEAE NI )5 79, 33— MRS A B BT R ] (0 B 2 B )
SMERFEPEIIETH Yamamoto™, FHAE T S5 R H T 38 A TR, S AN A R4k PR 1 B A v
(DVM), 254 TR A SRR 0 FE o 43l TR il S50 90k H Euler—Bernoulli Z% H TR
AUSRAR. Willden™" SR FI [ RE-4 B VIVIC SRR, S B dRE KR, b CFD MibUR S TR &
i) Eulerian—Lagrangian Vortex-in-Cell {2 35R fiff —4EANm] 545 N-S S iR g T 2.

P, 2 5 R SR Y TR S S A IR VIV IR, BERUE T Fluent P&, A% 5k
T4 vt A R RS T W SR A AT U R 9T, B R IE T Fluent P& 5B TRy ™6 F- 01 A ik,
KA C++HI MATLAB JE A 40RE 77k, TR T SRS RISER, SEIUX ML E 1 VIV R4, Sy
S DL F I B VA (R R S AR B 1 e e ST A R TR R SEEAT VIV R, AR AR 7 3k J1BtT
GBI AR L AR I, 45NN 220 57 4 M O

viv-FOAM-SJTU

3D Structural . .
Dynamics Analysis Strip fluid Interp F S:::ﬁ Interp U REF mesh
OpenFOAM FEM
2D RANS l—‘—l l—‘—l
|| CFD Analysis ! T NI - Deforaing
LEE model frequency resopnses mesh
— -
H%dg Frequency Modal
analysis analysis
K1 PR s B 2 viv-FOAM-SITU 3K fift g Btk

Fig.1 The strip method Fig.2 Module of viv-FOAM-SJTU solver



184 F1# 2T 38 %

73 1 A B BA 3 T JF Y5 PR 5 i OpenFOAM JF & 73 N TR S 41 K e vE Sr % VIV I SR A o8
Viv-FOAM-SITU™, SR8t 2 i, SRAFSSEE TH VR, SR OpenFOAM sKAR %) bity
Tk, AGTET SCIGE A IR TCR R R A7 5 R GRS, PN A 1 32k B BB 9 B 1 R (RBF)
HE\ OpenFOAM H1, {75 3R i 42 FT LLALER VIV W 37 Pk ) S il KA T s v ™. SR e S 2 i o
BB BRIAE™, HEEER R S8 R, Tk A, s/, Fmm) K 8 5RLor
IR T RN

1.2.2 = H#ERH AR

NEH HBUE TSR, 3T U0 1 008 (IR SR S B EAR VI W[5 ) TS P e v, (L0 220
TV SRR, T LA T R R 50 0 = (A 0 B S W K e ST IR R 0 1 B B
. T T KA ST A R RN 0 = 4R BB, f1 Holmes®™; Constantinides A Oakley™,;
Chen #0 Kim®™.

Holmes"" {2 i 56 T =4 CFD Bl it —Fh ik, M T — T /iS50, AEWs Rttt = gL 2,
i Trim 5236 45 51 LU M 24 47 . Constantinides 1 Oakley™ i 5 fif i 1% = 4 BT Sk 4 W7 K K41 b (952 %%
HAKYALL E L 4200, FIsSZllEe Deepstar-MIT Gulf Stream L 45 SRV S 800T . H = 4ERE R GRS R H i
6y o XL B 1 VA5

R TR B 7 AR BT ANSY'S (1022 1R iR 38 MIPX SR 51231 = 46 $0{E 44, 41 Chen AT Kim™,
ERE T RIEAFR™. Chen A1 Kim™ ] ANSYS Inc. & i) ANSYS MFX BIHUEAT = 4E5UE R, 4
SIS LT . BRI EIE 2 S A U, RIS R A RS SR, M=
R T VIV I WIV 8-S HLEL R 8. Wang B Fu™ 355 ANSYS MEX 855 i) 2 37 [ 48 A oR e e,
SR EE N 943 ST AR 2059 9 0.1mis Al 0.5m/s ()5 A5 513 47 v B AR 3hitk AT 1 S AL, fo
B 3 o, 4RI NE] 0.5mfs, WA RIR R 0.1m/s I 20 {5, BEIRIRS I 6 15, If HyidEok, W
IS AR G ARFS . Wang Al Xiao ™ i FiI 26 T Rk B 1 1 ANSYS MFX £ 375K 28R 7 =4k
A (B, ML T 250 R R P B U h S A R IR B, T AR B 45 SR ExxonMobil 37
R S 4 ) S

K 3 x-z TR ESE (4 U=0.1m/s, F5: U=0.5m/s)

Fig.3 Vorticity contours in the x-z plane (left: U=0.1m/s, right: U=0.5m/s)
B2, JEAER CFD HRA T RERIKE, W T7ERHRAE BRI &, LAY LS L i) 5E 5
HbR, MEENARPE R CFD J5%:4x OB T4 SRk LA I IR 2 ) dix 2



EvEi] JITER, . PRGN S ST IR IR S B b OV ST R 185
=
2 ARH‘E

FUESLE VIV BT 505 RIE R A 2 18] BRI AT DO, A SRS BB I IR A T 5, iR
PESLE W VIV RN N R 2%, MSHCES, IR AT EE R A LR K R

2.1 REHRENSHEEIRVBS

BT IERE IR AR, (B b I, BT
SRR B AL 8 VST A ORI R . A It
I RAREN AL (LB FIRED S K SR R 0 2 57
fi, UM RIS 0T S HIRE G — A RS TR o
B2

DA 2 o PO [ 9 S0 B R . ook R 2™
Williamson™) , 5 B [ bl BE PR AT R S 0 T R )
W CA AR A, #E RN PR e o) ]
G 7 R T ORI . 43 30 PR R A 2 A e S TR o
BN E N 2%, ARRIHIEN AT A A R A O T i
TR I T A T 4 IR TR AN CFD METpY P 4 SCER IR IR BRE R (Duan )
Fi. Furnes™ 0 Srinil™42 H (0 2 4R FEL SRR IS I IR Fig.4 In-line and cross-flow VIV responses of
USRI 2 (5, SR DR VIV iser (Duan' ")

N7 RS RO, 0N Rl WG 1 2 I AR 2 . 2 A 0 B R L R T 5% T A AR 64T T
DO R T R S R 2 IR AR AL 2E . R R T Matlab BT TG 5 i SR B AR 4 T A

zlL

[50]

5T OpenFOAM [H13K fift 2 Viv-FOAM-SITU™, J& AT AT A F2 1 328 W3 1R) VIV i jvi (1) CFD 852,
SRAFARANSZ T VB BRI A L R R, TR 83 FRYE A, Wil 4 Bos . ibdh, BTSCA 28 02E T ANSYS
Inc.[¥) 2 753K R4 MEX 2 523 VIV 5[] Tl /) CFD 7Y

2.2 RinE| Ay

FIA T LS VIV IR, R RF 70 AR B — . e P AR RT3 R, A b iy
B AN E BT B A () VIV RSB 2 R [, R 55 253 A T T PO R I 7 e EL T, I o 1 45
WIBHUL D RS, S MBS IE IR BT TRE BT F R B2, A5 R A 2
8T W ABTEIZER VIV e ™. S BONRE RN, SCEFTE BT IR ) VIV R
FHEITE, WS PR HIE, BT Tt 2 2k 2 BRI . [ BT DI BRI S A i )
IR S, AL AN AL B AL e LA T TR RS, AR B A — AT, R
(AT SRR, T LAV S ) 450 R S AT, R IR A S R 1k — A

F T DRI IR A TR0 5, SR ANSYS B (1 FSI 7 8 4 W B A I 510 5
BEYIREEER b ) VIV 0BT 7 3R, i 5 B, T SRR, BR/KAS 0RS 9% 2h 75 5 b 35 i
T P E RT3 BBEAS, BULIRA RV P R KR R A N 4, RIS W R B A, ELBSRE A
FFELX.

e T A A 1 2R O R R R A T R SR AR SE viv-FOAM-SITU™, stk 21
S A IEMREA . B SIS BN I VIV AT TR, SR S TG ST A IR 1P o B
2R 72 AR R, 5 Tt 2 B B S AR 1 K R R BN S A, Wi 6 FR. XTKAIEA 500



186

JI%EH

4338 %

TS, WU =0.4m /s, FENBEA PRSI RN, BISIRA BT PR SR . ERTRL TR
SCERERAEAE 2-3 B2 RS IRE, WFIRSIN 5 . SR S BTN, SCER ARSI 3 BrgE, (2
MEFEZS:, BISIHN 5-6 BN 2 IRSD, STV ARSI &, Oh 6-7 B 2RISR,

Y Y)00009

"'“/‘000000 O,

b Q000095

’“’%00000 C

wQ‘OCOOOO 08

(a)Uniform, t=2's

ERPNONG SIS

FQ00S%

Q00006

(d)Step, t=2's

SR © 0
Qc?g% O~ G

S

(b)Uniform, t=48 s

Ve
AR5

’)Q@Oo~ &

Q0
(@]

(e)Step, t=48 s
K5 $530 S B DI A T R K VIV

Fig.5 The VIV of riser in uniform and shear flow

DGR

;
et QOO\Q\ S

B 05

=]
2% QQ%
WOPN €=

B2 @ Oﬁ

-

(c)Uniform, t=90 s

(f)Step, t=90 s

01 2 3 -05
<1074 D <1070 4p

Step ﬁow

2 0 1 2 0 1 2
%1070 4D <107 o, .D

Uniform flow

[N AR

Shear flow ool

«107 g

%107 7D

K6 AN SR RLRS BT S S R B 22 AR 22 1 it 2R

Fig.6 Mean, curvature, standard deviation and curvature standard deviation of in-line displacement in different flows



234 JitE, A RIS RSB R AR S BUE A T AT Tt 187

2.3 IR

O SR ST 0 22 MRS TR S A O B A 4R 3l A AR PRI 6 31 [ R 5 1 5 4 A %,
VIV RIUA SRS OBUERSD. Tixt TR RIS, ZRAIRSIMRE R HHS, JFHEEK
QUL IR, ST IREN 2 BAR RN . A 6 T K4H EE 43 B A 500 2B (K% 1000 515 F 1
VIV R, BRI BE KA RRm, SO IRE RS B A IR B, I XA AR e
IR ERE AL, W 7 R, BT L IREN N 2 BRI, Facchinetti™™ BLBESR FIAT AR BIAR A T
RS S RSN AT UL, %0 3 T R AR TR 5 45 30 )02 (AR ELVE .

[ Mode 2 ] [ Mode 2 ]
1 1 1

[ Mode 3 ' f T ] [Mode 3 ]
1 1 1

m/vmww et ]

i 1 | | | L A, W | ]

| Mode 5

l L L
0.8 T T T t T
0.4 | Mode 7 1A 3 | Mode 7 J
0.0\~ MWW W s 8 2 F o i
el 1 %L A ]
-0.8 L ' ' a .
10 14 18 2 1 5

t/(s)

i

K7 KAHEL Dy 1000 FRS7AE A ) 5 (A A5 W AR RE R 20 M
Fig.7 Cross-flow modal amplitude and power density of riser with L/D=1000

PRACANLE LLAL, i v B R . SLAE Al v 5K AL S R BOR S E RN RS IR R . R i
BT BT R BEALME SRR Sh R 25 SRR A AR (R %, X SIS E IR AR %, 51K
SE 2 RSIRE). TSR NA AR, Rl K AR R ORI 2 RS IREN R R 2
. BRSCRIUAT IR ARV SR B T AR I, KA i T M S A (i A k. Chen 52 T
ARk 7 AN AR S it W RE B S B IR AR S R S, BIE TR R 5K NS A s S S A R BN B KD
R, BAHAS; B NIBE B, OB . BRI AL B B UK, NI 51 R SLE 2 RS HREHY)
1T
2.4 N ETImFAHRTHIBE

Sl EE AR, WG 2 REAN, Bt EESFarEsiEEig oL, s 5K
S Z B IR EAE NGR, JESIUR — LR . T G s 3 B 51 A S 4 R Bl J e R 23 4
MG BT AEERE S o mi A . B S i 248K B iash iy 6 HlEiEs), SERXRHARTEBCE,
FEAN I ZIR AR IE R — AR SRR L5 )3 J12 07 R, S8 RIKB) /R Morison A0, JEREG /0 2
So PR T S E BRI N I23l, AR HAF NS TR L F 26, i 45i 3 7122 T R SR gk
ARAT LA B4 S T L

W S AEBORTH) 6 H s EEUTEGIES AT, FEREGEIESBOLE B R,



188 F1# 2T 38 %

T B SEAS BRI ACE BN FRE, S RFR AR, SEMIR S SBAKINA T, HX%3%
WARIOTITE (AR W OB S EOHRIX , RIRE T E 2 A h i EEEsk Geger™) |

Hsu'™ & 55— A3 HUFF 58 2 B08R 19WF 50 A B3, Haquang B 98 T 454 U3 10 7 8 Ak 2 v 30 g i
K. Thampi 'S F D o k7 R 50 T g0k S A5 AELe b A3 . Ryu  BF 58 T ZE MU AR ISE 3 F 2
VEST A R0 I R . Park” ™3 T4 PR ICEER 58 T S 5080 T F2 M a5 1 2540 3h A . Suzuki™ &
THORRIGTITY, B R AR S RIRIN X G5 R 0 22 &R K. Chatjigeorgiou™ 3T Bl BT 5 2
BRI AL, Kuiper™ SR H Floquet FFIEFFRE T IRAATHILIZ BN A5 S e e ERF AT Brouwers™
WFFE T BENL S S080R A R L M BELJE AN R s MR E AR, Fujiwara™ S Bk LRSS, BF5E T 508
% SR 5. Chen™ I IR TCIERR I TV G830 VIV ZRIRS SR, 40T T R
Wk, BIASHASIR, RN 55 T FEEHIEN VIV 5.

[ Yt 5 B0 5 S A AR AT IR AL T2 M B, AR SR B R T B AT T S SRR
FEME, NI R T DUAN B T R G R AT B AR . R AN RS T S Bl R A R, SR
1 W22 43V SR AP SL T B FTOR R . F 98 T B0 o 0 0 R 0 D 2 - R T . ke SR A
Floquet 3 {6 43 H7 T 328 JCFELJE A0 BELJE AP0 T S50 0 Ra e P, IF48 Il TR BO8dR R i93h 705
Ri. 16 R R I AR e VEREAT T . FU™ S viv-FOAM-SITU SRAFSSHEAT Bt 75 MW 52
WA PSR b R T WA TS ) K UM 3K TR IR (08, R AT LA — B AR D S . A
GBS ST IR IR AN L, T DL YR I R S (R B

b

T [ I R o |
-14 -10 -6 -2 2 6 10 14
ER S
o 3 —&— consider heaving

—=—not consider heaving

Lol
L7}

=

EX]

0 2 4 (5] = 10 12
order

8 P HIEGIZHN FINLE VIV G WIN Q%85 ABET GG NHSERRNALF (0)Z Bk AL

Fig.8 The VIV responses of riser coupling with heaving motion of platform (a)the displacement responses considering
and not considering heaving (b)the mode transformation in parametric vibration

U A% FE SRR R S A IR IR B B A R, S AURBER IS R, AT B, R4S,
& 8 i

(1) HESEBARIIG, STETIE) R RIEE SR, RERIE G TRBIR, 8RR
U 7 1,2 kT80 B 0 9175 1 (Chen™ ™).

() ZIESHOMARIR A S, SUE LT B M R TRS), ST PRSI L T B 2 AR5
SRE R L IR

(3) SIS BRI, FOd k78 & 4 SHOER KRN . fESHOHRRR, B/



234 JIRERR, S R K RNE ST i RS U 0 W 7 VAR T 189

() BRI 5 S5 B R (WU, Wang™).

(4) PRI SN IR, ST R AR AN 930 JIWSTRRA s TV 35 38 30 BB, ST i
R ZH IR 20 77 W i /) (Chen™, Wang™).

2. 5 HIFI3ETE

Ui IR S AEAE X S5 M P AEANRIRE I, 4 fe X I8 BREHI I 7 s . 2L+, ATDA T
il VIV P T KRB R BRI, b i FOR A 2 i I — RO iopl 2 e e ELR e AR, 47
KA BB FC A BA T ) UG 21— L2308 H (1 4518

(1) hnZERZ e s, SEREMEL, T RE(C)RMERAN T, B RB(Cy)REA R, H
SR AR 24 T4k T 22 B4% (Korkischko™, Huang A1 Sworn™, Quen®™, Juan®™) .

(2) DB e MM 1T LAZE — AMB K B T S s B P AR B VIV (00 (Allen™), (EL R B 2477 & i
(BN, RO [0 35 R A T FERARE (Zhou®™™).

(3) A5 ZHE AR 10 57 % AT A 5 (X A5 4%, B &9 40 58 [X (Bearman i1 Brankovic™, Zhou™”, Quen®™™).
(4) W T5E 0] bR BE 0% K IR IR 170 22 5 VR B R e, FRBIR IR AL R 1 B IR IE 21 (Bearman Al

- [98 B . .[99-100 101 97 102
Brankovic™, Korkischko #l1 Meneghml[ ! Hao™, Zhou™, carmo™™) .

(5) ISR e DA T LA 458 S5 R 7 2 R 28 g G B 2 7 (Fang™ ™.

TEWFFOMRMEMIARIS, B SRS, MERE . MM . 78 6 S DU 7 TR AR A . A\
MIBRCRKE, MBS VIV AR, R 12225 = B AR 5 DU AR (3030 RORAR A K, {H 2
e 5 ][RI 2 DU A BT A (Baarholm 1 Lie™) 5 R [ st HI AR R,
{12 R (1 8 2 BRI X S R, PELRS IR B4 % 0 e AL (Queen'™) s (AR 75 BE X VIV [ 5.2
(R R 8 2 R A (Allen™, Trim™, Korkischko™); 7 2 %6 b5, HRACR Al (Frank™™, Trim™).

ST ] F R RS na0e-FOAM-SITU, | yogniuce
S AR BEMIBR [ Spar “F- & HET T iSRS FIT, 'gb
9, SRV T aHEY, =5-91 Spar FAMIBEIM o
i, HHEE) T8 7B KA E K. IS Finnigan™ &
RS ES % Oakley™™ [ CFD 45 BHET T XL, BAET
SRAPE S FT R

Marlow! ™ s 5 51 5 337 A5 (1 I8 MR 3 el RE 4T 7
BRI, &Kty UD=26, gy F9SparPRRIEARER QD
10D. 4> BB T A AR e OULAR P Pl 0 1 I8k Fig.9 Vorticity contour (Q-criterion)
JRENIRL, WA 10 B, BOEIFESRE R ST, s FiLE (Z SR RAL Y, s
[ W LA B R O — 2. X IR AR (07, W A W RNE A e/, S LTI,
T 9 ST A T SR AT RS . T RSO U AR T T BRI A IS, T AL
BRI, G AR RCR% S . Deng” " T viv-FOAM-SITU™ 4 562 T R [ (Al B i £ 31 J% 315
ST SR

B T BB X P U AL, IR E 2R, U A s B AT TR
S IR TR C T R AR N-S JiAE, WU TR A TR R T ANSY S+HCFX 7 i 4 3 £ AR s R 37



190 F1# 2T 38 %

& VIV [IBSIRAT 7 007, B8 588 T AR T 0 223 7 Rt R i . SR e 46T Fluent
f¥) UDF Thfgnd — 4e B S B VIV 3BI0EFIHEAT T 0F5E, B Bl B Nt VIV [, (H3E
T 33 R R B ) 4 K M ST A R AT L R R A

TR .
J J ,

K10 R BISZAS BIIR B DD AL R E S (e BRAE, A R OARO

Fig.10 Instantaneous velocity contours for two risers (left: bare riser right: strake riser)

2.6 EFLEH

HEPE T A2 d B 7 TTR(Top tension riser) 74541, SCR(Steel Catenary Riser)th & —Ff 3 WK, 1994 4F,
% BT A A /RSB TEERS Auger Tk JIBEF & F2eds TR FEE— MBS . BEJS, AR SCR
IR TR R 2, W TR0 i AR RSN 7 2 SR MR TS AR A R 3l 7 B L IR AR S
PEHT M B ERIR SRS,

Martins 1 Higashi™' ™% SCR HEAT T BT, Wi Rk i K B3AT 7 9% 554097, Larsen Al
Passano™ it SCR IR EAR Zh AT 1 ISR 1 43 4. Dale A1 Bridge™ ™ /K i SCR (03538441 5 i 17
HEAT T 9286RFFE. Srinil Fil Wiercigroch™ ™t SCR [ MR BN HEAT T 4047, LA BRI (b = 4 ek /7
PR, KB SRR L R TR TR, AT AR e & T SCR A . K. FES [
SN AR L

[ 4%t SCR (BT 7R 2 Tl 2 256, [E N T SCR T Fm A T B, H 28 T34 47
Rio JE25 00T SEOGTST. AR R FA BRICHAE ABAQUS %f SCR AT T # I RIZh J140#7, HEfit
SCR T T2 7. Bz %%t SCR s, R T Wik 5 IR (B 11 fias) , 3T ANSYS
ff) CAE Hidl, HR4REGEL TR T SCR A IR GBI, TR T . bedibn M B 2 7
¥ SCR 30N T K ST A%, 0BT 72 T sk 2% 27 45 (R MR S S 78 SCR R iR sh w7, &
12 JREELRIRT . sl P SR S i T B S AT VR R SCR IRIRIR SN, HLBUR K40 Ny
390 H EA KA ) SCR 3L .

IS SCR RIS FIBUERTTE, T AR — kst ip

(1) SCR 5F & il B 2 P B2 3K R 2 o SCR B 35 75 i 8 K (0 S0

(2) SCR {525 Kt it S5 U, 15 SCR EFAMINLE . J7ih. Mk REMKE, KRR
EEBLR.

(3) ISR S 47 K 55 & (0 3 AT AR 47 b % R B9 SR 5 10 =) B0 A 2R M B 24 SCR AT JES 1



234 JitE, A RIS RSB R AR S BUE A T AT Tt 191

FEBE TR, R 58 BRI RO AT I R B 0 #; 24 SCR AN IR EE B TN, AT DRIk
TR R AT IR 2 70

(4) SCR [R5 55 10 115 36 SLAE B 2 05 1) AR R, HLAR KR 57 1 3 die 2t BRUAE S 57 X3 BB /KR
LRI R, L R ST IR E 2 BT

Static displacement Mode no.1
. s ll=== Mode‘no.2 . Moge no.3’
E > E 1200}
L  p ;
v } 3 900 F
e Steel catenary riser T 'E 600 |
—- U |H ds drlangcntial g
— -l AR A 3 S 300
f 1 o AN Y g
~ Seabed dv X s
e Normal 2z 0
- = x’ - Q 1 L i 1 L 1
T 0 . 4 0 200 400 600 800 1000 1200
Horizontal distance z/(m)
K 11 BaELk iy Kl 12 BBELR AT 3 MR
Fig.11 Steel catenary riser model Fig.12 First three model shapes of SCR

3 IeNE Q:I:

AN L A IR RS PR S W B AR U A AROR AN AL, X TR AL, BRAT 00 =t e A
ANTEIHFT s N B IR B R e R . IR B A A BIE AR 24 TR 40K SRS 1 — A5 A, T S
T ) AN RS R R AR R N S I B ST R . i, BERAEBUERIIRS T, AR RS
fRzENIE, TRBUVZBSKRERE, B — A2, AR RS R s R bt
RiE. BRBELASE, AISRPESEAE M A B R R GRS Iz DR Raif &, VIV
(Y] 1 i 55 73 0 5 A AR AT AR K XA, SR 4 ) AT 1 A S5 V40

BEE T SEMLBOARMIAT R AR E, A0 3L T IR 3l (0 BB AR 0L R T DA - 58 v o o A K
A LA, I S AR B R A D PR AT FEREE B BANEME AT T 5 TRE SRR Z TR ) 22 501

SRR :

[1] SARPKAYA T. A Critical review of the intrinsic nature of vortex-induced vibrations[J]. Journal of Fluids
and Structures, 2004, 19(4):389-447.

[2] WILLIAMSON C H K. Vortex dynamics in the cylinder wake[J]. Fluid Mechanics, 1996, 28:477-539.

[3] WILLIAMSON C H K, GOVARDHAN R. Vortex-induced vibrations[J]. Fluid Mechanics, 2004,
36:413-455.

[4] WILLIAMSON C H K, GOVARDHAN R. A brief review of recent results in vortex-induced vibrations[J].
Journal of Wind Engineering and Industrial Aerodynamics, 2008, 96(6-7):713-35.

[5] GABBAI R D, BENAROYA H. An overview of modeling and experiments of vortex-induced vibration of
circular cylinders[J]. Journal of Sound and Vibration, 2005, 282(3-5):575-616.

[6] WU X D, GE F, HONG Y H. A review of recent studies on vortex-induced vibrations of slender
cylinders[J]. Journal of Fluids and Structure, 2011, 28:292-308.

[71 BIRKOFF G, ZARANTANELLO E H. Jets, wakes and cavities[M]. New York: Academic Press, 1957.

[8] BISHOP R E D, HASSAN A Y. The lift and drag forces on a circular cylinder oscillating in a flowing
fluid[J]. Mathematical Physical and Engineering Sciences, 1964, 277:51-75.

[91 HARTLEN R T, CURRIE I G. Lift-oscillator model of vortex-induced vibration[J]. Journal of the
Engineering Mechanics, 1970, 96:577-591.



192 pak=i 538 %

[10] IWAN W D, BLEVINS R D. A model for vortex induced oscillation of structures[J]. Journal of Applied
Mechanics, 1974, 41:581-586.

[11] IWAN W D. The Vortex-induced oscillation of non-uniform structure analysis[J]. Journal of Sound and
Vibration, 1981, 79:291-301.

[12] FACCHINETTI M L, DE LANGRE E, BIOLLEY F. Coupling of structure and wake oscillators in
vortex-induced vibrations[J]. Journal of Fluids and Structures, 2004a, 19:123-140.

[13] FACCHINETTI M L, DE LANGRE E, BIOLLEY F. Vortex-induced travelling waves along a cable[J].
European Journal of Mechanics B-Fluids, 2004b, 23:199-208.

[14] MATHELIN L, DE LANGRE E. Vortex-induced vibrations and waves under shear flow with a wake
oscillator model[J]. European Journal of Mechanics B/Fluids, 2005, 24:478-490.

[15] FURNES G K, SRENSEN K. Flow induced vibrations modeled by coupled non-linear oscillators[C]// The
Seventeenth International Offshore and Polar Engineering Conference, Lisbon, Portugal, 2007.

[16] GE F, LONG X, WANG L, et al. Flow-induced vibrations of long circular cylinders modeled by coupled
nonlinear oscillators[J]. Science in China, Series G: Physics, Mechanics and Astronomy, 2009,
52(7):1086-1093.

[17] LI X M, GUO HY, MENG F S. Nonlinear coupled in-line and cross-flow vortex-induced vibration analysis
of top tensioned riser[J]. China Ocean Engineering, 2010, 24(4):749-58.

[18] SRINIL N. Analysis and prediction of vortex-induced vibrations of variable-tension vertical risers in
linearly sheared currents[J]. Applied Ocean Research, 2011, 33:41-53.

[19] SRINIL N, ZANGANEH H. Modelling of coupled cross-flow/in-line vortex-induced vibrations using
double Duffing and Van der Pol oscillators[J]. Ocean Engineering, 2012, 53:83-97.

[20] SR, (5 0m, 2B HPeAmiB oL 8 i TR B N2 b HR 57 75 dn T 78 [J] . A% 717, 2005, 22(4):220-224.

[21] $4EF, ERAE, FRZE. HRETE S BORBURSI LT 7T SO RZ ], TR 15, 2007,
24(12):153-157.

[22] sE4E~F, X4, JEHEHR. 25 RS R S O AR R R S AR 2R I Y 0], 4R3h 5 b
2012, 31(9):140-143.

[23] ZMH, RRHE, KRG, FETEHCGRKSE b EREIRE) R RIR T A L]. T )%, 2012,
29(09):294-299.

[24] REEB. B KA ARSI AR 2 M5B 7T[D]. 5 5. RS, 2013,

[25] DONG S, KARNIADAKIS G E. DNS of flow past a stationary and oscillating cylinder at Re=10000[J].
Journal of Fluids and Structures, 2005, 20:519-531.

[26] EVANGELINOS C, LUCOR D, K KARNIADAKIS G E. DNS-derived force distribution on flexible
cylinders subject to vortex-induced vibration[J]. Journal of Fluids and Structures, 1999, 14:429-440.

[27] LUCOR D, IMAS L, KARNIADAKIS G E. Vortex dislocations and force distribution of long flexible
cylinders subjected to sheared flows[J]. Journal of Fluids and Structures, 2001, 15:641-650.

[28] LUCOR D, FOO J, KARNIADAKIS G E. Vortex mode selection of a rigid cylinder subject to VIV at low
mass-damping[J]. Journal of Fluids and Structures, 2005, 20:483-503.

[29] B 55, SRS W IEURSN N Sme SN2 3 T [D]. b BigRS R, 2008,

[30] 4L, SRS A iR AN 5 S BUEBAMD] . Fe/RTE: M RIE DML R, 2010.

[31] SCHULZ K W, MELING T S. Multi-strip numerical analysis for flexible riser response[C]// The
International Conference on Offshore Mechanics and Arctic Engineering, 2004:379-384.

[32] SCHULZ K W, MELING T S. VIV analysis of a riser subjected to step and multi-directional currents[C]//
The International Conference on Offshore Mechanics and Arctic Engineering, 2005:383-389.

[33] HUANG K, CHEN H C, CHEN C R. Time-domain simulation of riser VIV in sheared current[C]// The
International Conference on Offshore Mechanics and Arctic Engineering, 2007:911-920.

[34] HUANG K, CHEN H C, CHEN C R. Flexible catenary riser VIV simulation in uniform current[C]// The



234 JitE, A RIS RSB R AR S BUE A T AT Tt 193

International Offshore and Polar Engineering Conference, 2010:1129-1135.

[35] s ARk, JifEm. ANFEHCA L R Seim H RII]. KB #m e SR, 2016, 31(3):295-302.

[36] F05°. LB WRIMIRSN I KA S IR IR 57 R 70 M [D]. W /RVE: M RVE TR, 2012,

[37] &hHfAA . RMESLE RS REBUABAUAT D). T BTN, 2014,

[38] ALtk AL L TR S RO BUE AT 7E[3]. AR %%, 2016, 20(1-2):93-98.

[39] R, A&, md v WA SR A BUEAII]. K350t e 5t 2000, 16(1):101-110.

[40] A, fRipz. (RS EEESVR AR S W Issi W], 7154544k, 1981, 2:109-120.

[41] BE4E, 38, R 5. W HE RS sh BEAESIR I A AR 7 EEI]. fERRJ) 5, 2012, 16(1):9-20.

[42] CHORIN A J. Numerical study of slightly viscous flow[J]. Journal of Fluid Mechanics, 1973,
57(04):785-796.

[43] YAMAMOTO C T, MENEGHINI F, et al. Numerical simulations of vortex-induced vibration on flexible
cylinders[J]. Journal of Fluids and Structures, 2002, 19:467-489.

[44] LIMA A A, MENEGHINI J R, MOURELLE M. Numerical investigation of vortex-induced vibration of a
marine SCR[C]// The Twenty-sixth International Conference on Offshore Mechanics and Arctic
Engineering, 2007.

[45] HERFJORD K K, DRANGE S O, KVAMSDAL T T. Assessment of vortex-induced vibrations on
deepwater risers by considering fluid-structure interaction[J]. Journal of Offshore Mechanics and Arctic
Engineering, 1999, 121(4):207-212.

[46] YAMAMOTO C T, FREGONESI R A, MENEGHINI J R, et al. Numerical simulations of vortex-induced
vibration of flexible cylinders[J]. Journal of Fluids and Structures, 2004,19:467-4809.

[47] WILLDEN R H J, GRAHAM J M R. Multi-modal vortex-induced vibrations of a vertical riser pipe subject
to a uniform current profile[J]. European Journal of Mechanics—B/Fluids, 2004, 23:209-218.

[48] B X 4. SKIINEF G 2 AN J 0 RL SR R 7R [D]. Rilg: RIS R%E, 2013

[49] ZRi. ARSI XTI S ST R AR S AR F A 520 S BB BT FE[D]. K. KR TR,
2013.

[50] Jiflsk. VRV IR S E R A SR i 28 #1F viv-FOAM-SJTU: 2017SR051978[P]. 2017.

[61] s A, HESC, Jflmk. KANLL 500 1S L WO A I 380m . 1 BB TS AT [C B8 L 4
B A ) S R SR, B AT, 2016a:132.

[52] DUAN M Y, WAN D C. Prediction of response for vortex-induced vibrations of a flexible riser pipe by
using multi-strip method[C]// The Twenty-sixth International Ocean and Polar Engineering Conference.
Rhodes, Greece, 2016.

[53] DUAN MY, FU B W, WAN D C. The effect of top tension on VIV model analysis of a vertical flexible
riser[C]// The Second Conference of Global Chinese Scholars on Hydrodynamics, Wuxi, Jiangsu, China,
November 20-23, 2016b:455-460.

[54] A K, IS, JoFER. Brsh R N 40 S VST IR IR 3 e I 4 B 23 B [C]// 2016 AEAE AR /1%
SRSV, R, 2016b.

[55] AL, AR, JIfEm. HISIU A R B A ST AR B B i 234 [C/ 55 DU Jea 4 [ A A
5§ T2 CFD AR 4. #HIL, 2016:58-68.

[56] FU B W, DUAN M Y, WAN D C. On the effect of mass ratio upon vibrations of a top tension riser[C]//
The Second Conference of Global Chinese Scholars on Hydrodynamics, Wuxi, Jiangsu, China, November
20-23, 2016b.

[57] HOLMES S, OAKLEY H, CONSTANTINIDES Y. Simulation of riser VIV using fully three dimensional
CFD simulations[C]// The Twenty-fifth International Conference on Offshore Mechanics and Arctic
Engineering, American Society of Mechanical Engineers, 2006:563-570.

[58] CONSTANTINIDES Y, OAKLEY O H. Numerical prediction of VIV and comparison with field



194 pak=i 538 %

experiments[C]// The Twenty-seventh International Conference on Offshore Mechanics and Arctic
Engineering. American Society of Mechanical Engineers, 2008:577-583.

[59] CHEN Z S, KIM W J. Numerical investigation of vortex shedding and vortex-induced vibration for flexible
riser models[J]. International Journal of Naval Architecture and Ocean Engineering, 2010, 2(2):112-118.

[60] TRIM A D, BRAATEN H, LIE H, et al. Experimental investigation of vortex-induced vibration of long
marine risers[J]. Journal of Fluids and Structures, 2005, 21:335-361.

[61] CHEN Z S, KIM W J. Numerical simulation of a large scale riser with vortex-induced vibration[C]// The
Eighth ISOPE Pacific/Asia Offshore Mechanics Symposium, Bangkok, Thailand, November 2008.

[62] ERE, EF, HPE, 5. WERKE REIRS) ) = 48U BT R, /K3 1 #it5e 5 R
A, 2011, 26(4):437-443.

[63] YEAH, BYEV-. ANKILE WA EH b ERBIRSIBEIT D], R3S, 2012, 31(24):65-68.

[64] CHEN Z S, KIM W J. Numerical investigation of vortex shedding and vortex-induced vibration for flexible
riser models[J]. International Journal of Naval Architecture and Ocean Engineering, 2010, 2(2):112-118.

[65] WANG J G, FU S X, BAARHOLM R, et al. Fatigue damage of a steel catenary riser from vortex-induced
vibration caused by vessel motions[J]. Marine Structures, 2014, 39:131-156.

[66] WANG E, XIAO Q. Numerical simulation of vortex-induced vibration of a vertical riser in uniform and
linearly sheared currents[J]. Ocean Engineering, 2016, 121:492-515.

[67] dii AR, JofEpk. Epa) S 1 p RE AR o B b s SO A AR ) I IR B [C/ 58 1B Je b VA

) TREZARHESRCE (1), PEEETREY 2, 2015:71-77

[68] WILLIAMSON C H K, GOVARDHAN R. Vortex-induced vibrations[J]. Fluid Mechanics, 2004,
36:413-455.

[69] FEER. 25 EEGUAR 4R BN IR KT 5K J1 LB IR S 70 A [D]. 3 & WP EHEE R, 2010.

[70] EFafs, eetth4r, VESERk. KBS HRR AR i BdRah Rt O BUE T 7E[3]. Ak T2, 2015,
37(1):30-35.

[71] CHEN W M, LI M, ZHENG Z Q, et al. Dynamic characteristics and VIV of deep water riser with axially
varying structural properties[J]. Ocean Engineering, 2012, 42:7-12.

[72] AR, 207, B4E~F . igvE-F & S5 M SRR i) SRR A 20 M [3] . FR3) 5 i, 2005, 24(2):129-133.

[73] oAk, ZFHEZE. SEBIN NIRELE SRR TE]. fRsh S ek, 2009, 28(9):65-78.

[74] B&4E°F, ZHEZE . BOKIF RIS RGN, P EEEE K22, 2006, 36(5):775-780.

[75] HSU C S. The response of parametrically excited hanging string in fluid[J]. Journal of Sound and Vibration,
1975, 39:305-316.

[76] HAQUANG N, MOOK D T, PLAUT R H A. A nonlinear analysis of the interactions between parametric
and external excitations[J]. Journal of Sound and Vibration, 1987, 118(3):425-439.

[77] THAMPI S K, NIEDZWECKI J M. Parametric and external excitation of marine risers[J]. Journal of
Engineering Mechanics, 1992, 118(5):943-960.

[78] RYU C S, ISAACSON M. Dynamic response analysis of slender maritime structure under vessel motion
and regular waves[J]. Journal of Korean Society of Costal and Ocean Engineering, 1998, 10(2):64-72.

[79] PARK H J, JUNG D H. A finite element method for dynamic analysis of long slender marine structures
under combined parametric and forcing excitations[J]. Ocean Engineering, 2002, 29:1313-1325.

[80] SUZUKI H, TAKANO K, ENOMOTO K. Axial and lateral response of a deep sea riser for scientific
drilling[C]// The Twenty-third International Conference on Offshore Mechanics and Arctic Engineering,
Vancouver, British Columbia, Canada, 2004.

[81] CHATJIGEORGIOU I K, MAVRAKOS S A. Nonlinear resonances of parametrically excited risers
numerical and analytical investigation[J]. Computers and Structures, 2005, 83:560-573.

[82] KUIPER G L, BRUGMANS J, METRIKINE A V. Destabilization of deep-water risers by a heaving
platform[J]. Journal of Sound and Vibration, 2008, 310:541-557.



234 JitE, A RIS RSB R AR S BUE A T AT Tt 195

[83] BROUWERS J J H. Asymptotic solutions for Mathieu instability under random parametric excitation and
nonlinear damping[J]. Physica D Nonlinear Phenomena, 2011, 240(12):990-1000.

[84] FUJIWARA T, UTO S. An experimental study of the effects that change the vibration mode of riser
VIV[C]// The 30th International Conference on Offshore Mechanics and Arctic Engineering, OMAE, 2011.

[85] CHEN W M, LI M, GUO S X, et al. Dynamic analysis of coupling between floating top-end heave and
riser's vortex-induced vibration by using finite element simulations[J]. Applied Ocean Research, 2014,
48:1-9.

[86] CHEN W M, LI M, ZHENG Z Q, et al. Impacts of top-end vessel sway on vortex-induced vibration of the
submarine riser for a floating platform in deep water[J]. Ocean Engineering, 2015, 99:1-8.

[87] AW, #ETZR, KA, 5. IREETIK ISLE S-S RS R A [3]. TR 0%, 2013,
30(5):282-286.

[88] kA, AW, &, 5. BB TR SRS ERIFED T[] ks Sabidi, 2013,
32(19):51-56.

[89] ¥ &, MR, PRUFANEEESLE hill Afese T[], HiEsgiE R 74k, 2014, 48:583-588.

[90] FU B W, DUAN M Y, WAN D C. Vortex-induced vibrations of a flexible cylinder experiencing an
oscillatory flow[C]// The Twenty-seventh (2017) International Ocean and Polar Engineering Conference,
San Francisco, California, 2017.

[91] WU X D, GE F, HONG Y H. A review of recent studies on vortex-induced vibrations of slender
cylinders[J]. Journal of Fluids and Structures, 2012a, 28:292-308.

[92] KORKISCHKO I, MENEGHINI J R, GIORIA R S, et al. An experimental investigation of the flow around
straked cylinders[C]// The 26th International Conference on Offshore Mechanics and Arctic Engineering,
Junel0-15, San Diego, California, USA, 2007.

[93] HUANG S, SWORN A. Hydrodynamic coefficients of two fixed circular cylinders fitted with helical
strakes at various staggered and tandem arrangements[J]. Applied Ocean Research, 2013, 43:21-26.

[94] QUEN L K, ABU A, KATO N, et al. Investigation on the effectiveness of helical strakes in suppressing
VIV of flexible riser[J]. Applied Ocean Research, 2014, 44:82-91.

[95] JUAN S, JIASONG W, SHENGPING L, et al. VIV suppression for a large mass-damping cylinder attached
with helical strakes[J]. Journal of Fluids and Structures, 2016, 62:125-146.

[96] ALLEN D W, HENNING D L, LEE L. Performance comparisons of helical strakes for VIV suppression of
risers and tendons[C]// The Annual Offshore Technology Conference, OTC 16186, Houston, TX, 2004.

[97] ZHOU T, RAZALI, RAZALI S F M, et al. On the study of vortex-induced vibration of a cylinder with
helical strakes[J]. Journal of Fluids and Structures, 2011, 27:903-917.

[98] BEARMAN P, BRANKOVIC M. Experimental studies of passive control of vortex induced vibration[J].
European Journal of Mechanics - B/Fluids, 2004, 23:9-15.

[99] KORKISCHKO I, MENEGHINI J R. Experimental investigation of flow-induced vibration on isolated and
tandem circular cylinders fitted with strakes[J]. Journal of Fluids and Structures, 2010, 26:611-625.

[L00]KORKISCHKO I, MENEGHINI J R. Volumetric reconstruction of the mean flow around circular cylinders
fitted with strakes[J]. Experiments in Fluids, 2011, 51:1109-1122.

[101]HAO Z, ZHOU T, WANG X, et al. Experimental studies of vortex structures in the wake of a cylinder with
helical strakes[C]// The ASEM 29th International Conference on Ocean, Offshore and Arctic Engineering,
Shanghai, China, 2010.

[102]CARMO B S, GIORIA R S, KORKISCHKO |, et al. Two-and three-dimensional simulations of the flow
around a cylinder fitted with strake[C]// The ASEM 31st International Conference on Ocean, Offshore and
Acrctic Engineering, Rio de Janeiro, Brazil, 2012.

[L03]FANG S M, NIEDZWECKI J M, FU S X, et al. VIV response of a flexible cylinder with varied coverage
by buoyancy elements and helical strakes[J]. Marine Structures, 2014, 39:70-89.

[L04]BAARHOLM R, LIE H. Systematic parametric investigation of the efficiency of helical strakes[C]// Deep



196 pak=i 38 %

Offshore Technology Conference, Vitoria, Brazil, 2005.

[L05]FRANK W R, TOGNARELLI M A, SLOCUM S T, et al. Flow-induced vibration of a long, flexible,
straked cylinder in uniform and linearly sheared currents[C]// Offshore Technology Conference, Houston,
Texas, USA, 2004.

(L0645 3C, Jiflpk. FHRIRBEA ik BUE AR Spar ~F & IR R /E[3). /Kah ¥t s ik A 45,
2015, 30(1):40-46.

[LO7]JFINNIGAN T, RODDIER D. Spar VIM model tests at supercritical Reynolds numbers[C]// The
International Conference on Offshore Mechanics and Arctic Engineering-OMAE, San Diego, California,
USA, 2007.

[LO8]OAKLEY O H, CONSTANTINIDES Y. CFD truss spar hull benchmarking study[C]// The International
Conference on Offshore Mechanics and Arctic Engineering-OMAE, San Diego, California, USA, 2007.
[LO9]MARLOW S, RAJEEV K, JAIMAN S C. Numerical modeling of vortex-induced vibrations of two flexible
risers[C]// The International Conference on Offshore Mechanics and Arctic Engineering-OMAE, Honolulu,

Hawaii, USA, 20009.

[110]DENG D, FU B W, WAN D C. Modal vibrations of Side-by-side and tandem vertical riser pipes
experiencing a stepped current[C]// The Twenty-seventh (2017) International Ocean and Polar Engineering
Conference, San Francisco, California, 2017

[L11]ReAE, SR, 2 AR %E B VST B R R S IR AE F i 70 [0]. Hh B R 4k
HARBL 0, 2011, 4:116-120.

[112] R4, 2 AR AT 0 A S SL A R IR S A I E Y B s 56 e BUE T 7E[D]. K% KR TR,
2013.

[113]WU W B, WANG J S, JIANG S Q, et al. Flow and flow control modeling for a drilling riser system with
auxiliary lines[J]. Ocean Engineering, 2016, 123:204-222.

[114] 545k, SRR TR A IR ) S AN S R EME D). B iSRSy, 2013.

[LISIRAT PR, SRACHK. By BER AL AR IR AR s R3S/ E BT 7 [3]. AR J32%, 2011, 15(11):1203-1209.

[116]MARTINS C A, HIGASHI E, SILVA R M C. A parametric analysis of steel catenary risers: fatigue
behavior near the top[C]//The Tenth International Offshore and Polar Engineering Conference-ISOPE,
Seattle, Washington, USA, 2000.

[117]LARSEN C M, PASSANO E. Time and frequency domain analysis of catenary risers subjected to vortex
induced vibrations[C]// The twenty-fifth international conference on Offshore Mechanics and Arctic
Engineering-OMAE, Hamburg, Germany, 2006.

[118]DALE M N, BRIDGE C D. Measured VIV response of a deepwater SCR[C]// The Seventeenth
International Offshore and Polar Engineering Conference-ISOPE, Lisbon, Portugal, 2007.

[119]SRINIL N, WIERCIGROCH M, BRIEN P O. Reduced-order modelling of vortex-induced vibration of
catenary riser[J]. Ocean Engineering, 2009, 36:1404-1414.

[1201E 7K 3. GRUFENEFELE A I B 51T [D]. PR/RVE: M/RIE A2 K%E, 2008.

[21)&E =, =8, A, & WEREASLERBIRSE ST B 0], T EMMT T, 2010, 5:54-59.

[122) R Edr, R, AHERE, 25 BTUNR T A0S B 2 B IR ) i R 7L [J]. #R3h 5 rh, 2010, 29:4-8.

[123] /PR AN EFEL LA RS T [D]. W 5. T EVERE Y, 2012,



