FEHNEEEKRSAETFITRRIE

T EFERe X EF R4 Bl 45 A m A R E)
HIHIRST
REE, RER, REK, HAH

(REKE K ITREGESELERERTEE, K, 300072, Email: xuwanhai@tju.edu.cn; 2. EE
ZRAEFAN RERASEALRES, b5 100190)

WE: G TR IERRABALEZNAEEMNBEASXRREFE—_EH/AAE.
HTHE_KRNFE, HREERERFVIVIELTEEAEE AL &, WA VIV
HEWH —ERIBFERRXENELAEAAZ—. AFRRITT FRE R AR L
%, ¥SEEERA 0.05m/s, SEE N 0.05~1.0m/s. WAl T ERFIR T AKBER
L/D=350, L AEAEKE, D AREAAR)EMEERKT M VIV HIE KR, LT £E
KA@0°, £F a ABAVFHARS@4ASORENH EEHREER RIS, LRFX
Bl AHART. BEMEFEAN 17.5D/025D B HRFIR . BHEFNERT URFEEHAET
HRSEHHATR, BHAEZLY 025D, EX4REHE 05D, B EEEERREE
Bl E R MR, R R EAN T A RKE, FEARARN B HRTEN. E
BAWTREEEEEMA, BR VIVIIFIHE, FELA: BRI 45° FEHEAHE
ERBEFNAREREERATHERK, EZLHARAENRME. TERKNSE
FIAFHER AR 45 EHA A LI RFBRIFHITHRERS.

XA RMks: HAEE: RIHWHE,; REFIK; LR

il

1 3

BREIEPHFERSESEH QnE¥EIE. SBESTEMRPBERS) AHERALEYS
HILREIRSIIN R (Vortex-induced vibration, VIV). A7 SHRE. BHXFhiR-EREH
SHWRNTRELEWBIRREFRER, LR ERTRERIIVENRN, FKEBOITEM
VIV #5850 5%. Hd, #shisflh k@R EBh 46 BRI ) A S A K.
5 LR R R R R TR 2R A

BBHEFIA Chelical strakes) S#E#IFF (control rods) & TR ¥ KB VIV 43
MEEE. SN TIERESSRLSEEMUTRERE N S AREEBRE, TIRER
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BT NEEEKSNIFEFITERE

RIIMIBLYE, DA R EAE S BT 2 A BB S MR /e . Trim SUEKFEMREE L&
EARRIIRIEFIN, RIVIREEFIE®N 17.5D/0.25D (D ABERER) KA & TTEEhINH
M BRI IR 1A 5 R 6 B0 IR IR S A N . 6 = PR Se 00 R BRR R IR X e bk or B R
WS I FHI B R SFIR B ERIELL . Quen ZLIxt AR F J LA AR MR HE FIAR 34T
TSRS, KOURES VIV IR IEMEX. Xt FRHT, BRE2ERITRT RIUH
%o Lee SUHSZIOH TR IEM R B E &% R — NE R R S T ir B
VIV, RS0 T MR ST MR R5 AR VIV MGERER, RIE 0°,
22.5° K 45°HMIF AT, MRS RE I RIF S EEEE VIV,

B8 R FEARBIRSME B FRRR, KE R4 X Eitahhm 53R 7 E B KRH
THAR. MAXLFIEY, BETESUKRELEWEESKRIAFE—EHA o
BN EHMHES R\ RAAREEE, WA RRKNEWATT RIS RAITKERR mETEFE
SREMETARARIREE A, RARSCLRITRRI 45° BANFERE VIV Rk
B “FAXEM (Independence Principle, IP)” BMRERFKEERN U, HHAN TR
THESHEE VIV 5RFEEN Ucosa KEERAE VIVEMT, BEESHIE, sHIfRE
B RERSMEIOA T+ B R. BTFRHAEHRATE, AXFBT 45° HAFZET
RS R AN AR RT3 B R AE VIV HIFISE5, FEXT LR A s 3 B 40 & H A RANR
A TXRERER VIV MEI5R.

2 SEEWIT

ERAERBAEKF IRNESZEERERSLRENBRKEATFR. SH#TT
T H (=0 )RR (=45 ) TR BEE R HMHRERE VIV Xi. KBRPFIRANE
HARRKZEL L/D=350. BHEARERMR, AEHRRES, fEMRRAESHERA
BRE-EANZES, ARNEXBRFTREREEMHNMERRN, £F 7ML (G1-G1). XT
FAEA N E S WERHET S R 1.

21 SERXRAHBESY

MESH BHHE
B2, D 0.016m
gHBK, L 5.60m
WHIRIE, EI 17.45Nm’

BRKERE, m, 0.3821kg/m

R, m" 1.90

RIS R A7 A B = KR BEFUR, WRBEFRE A AN 17.5D M 0.25D. 4 MEREN
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FoHAEEEKAEFTERIE

0.25D KI/MNEHEF A FEGERENRE, 2HF5EEaREEERA 0.5D, EHIFF 518
BEFIBIX B R AT A BB R A RS vV, BEER —mEd BT TR
EX#EHLE, B—HELL 450N iR . XEPEEHWEEREREI/EREETS LESR
a3z &0, R SR A SO, (F E A R IB A B hRTE 1.0m ZKIRHIBSIRTF .
S256 o it B YE BN 0.05~0.1m/s, TEIFEN 0.05m/s.

TRERETEEAIHRBRETRAONTEE, REEHEESMEEEN R
RN BWIRL, FERITIET, SMABUBESRE DAFANESMBEREAE:

Wat)= 3w 00,2, z€ [0,L] (D

Hb, yz,n) AEEEERRAMLE, W, AFARSHRERY, NEHRRE R,
BT EERE RGOSR, FUSHRE R ER:

¢n(z)=sin”T”z,ze [0,L] (2)
WRER RS EH MR k(z,0) FIRER, FIHREH:
k(z,t)——e(; :4) ____a nzh) Z("”)zw (sin”E) (3
L RER (3), T{%iUTlﬂ l‘u(}\fﬁj‘ﬂé How (r) HIME, ﬁﬁﬁﬁfﬁi@lﬂﬁﬂ’mg
(a=0) r;ﬁl}“xﬁlmnsmo 5D
151 | @ Put#stil#F0.5D/0.25D
S
ik ~—T:i?'!é’!ijgliwt’m51)«0.251) “
15 o JUHEEHIFF0.5D/0.25D
Q 1
'—2‘ 1.0 | &l
§ 05
0.0

1 " 1
20 25

Vr
B 1 RaiE o R AR f K T R BE AL AR R 2
3 SKRERDT

B 1 H T HHIRESIRMERIFRE M RN AEZEE TRMN45° FHRPRET
HBRREAB R BT REANERRUXR, FERTHAMBEEET T3, A&
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F_tTABEEEKAETITERIE

EWBEUTARE:
Vr=Uc0sa
Si.D

K AREGEE—EERE. NESRTEY, RETRE, BEFIRBNRZEHIFE
RHFEIFMEIRER, WIEFIRBIT IS T REEERR A BIEME, 5 Trin SR
ZECIRLh e R —, MHRE TN EERE N BEEN SR EERERDN, &
PULERE V. >15 J5, BEIFFER VIV %6 R DR, ELLEREXT 20 B, BHlFK
R E A SRS A — B A TR, W THREER, & 7,>58, FHRHF
] B AR R A 8 — B/ T WR e SRR k) R A AR R S R W (E

2 207 B3 B BT E VIV IR AL EE R R R, DULE R
FEHATFIRBEFIR K VIV MBIBRZER . WAKMBIREHUTAREAH:

7=9=2) 100% (5)
y

K, y R BEEERRALBIBE, y AXTRE TR THE % E B BIEE, X
RERRFERNERPEN KD, ATRR: ZLRATERAIRESIREZERZHEE LK
HI R B AR 90%, BERERILE/N . T 7E R —EEBEE B8 VIV IHI%E,
£ V,=7.5-16 MIX AN R7E 40% LT #:3h, ERIAWEEIES] 20 5, MBI A B EE 90%
B, MR FIHER 602%. HHILZ T, BRIBHIFFE 45° HHFTHERE R LHHHI%
BRENESE, PHEREETRT LK 67.3%, HIEETHE TR, MIERFIREES
RHEX M REESRK, WV, =75 M v, =175 &, BEEHRAKE, REBELTEE
BRMRE), mAEERL 8. B MR RBREETRAHAE TR, N 45.3%,
X R E5RTRS MR RER B,

(4)

0° e <2V e st s S -
(a ) e % ’ -

o0~
B e

>

S A average:60.2%

& 60| 5 90:00.2 10

Qs
g | o—a 9 / < i el
§ 40 s \/ S ) [ == mmzigirspozsp | |
8 | < @ [ —o— miiFo.50025D | |

80 45° @ ‘

el (a ) = 0/9_0-04 average:67.3%
s } 9 R o/
= | @ o\ o ‘
S 60 | \ /o/,'/ \\_o//‘\ S |
g9 v N S ‘

o N -

S 2

o 4 N \ . 0,

K 9 ° X I - average:45.3%

vV =
£ 2 3
& == MRMEFIR17.5D/0.25D |

| —o— PUA4MI#F0.5D/0.25D | ‘

5 10 15 20 25

Vr
2 e B AR UL 1) VIV $0h) 2 B 204 i B AR 1 % &
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BT NELEKF A EFTIRE

FESARRANER S ERTHEANEIERR. B3 5E4 AR TEETREK
RN 450 THT NSRRI, AWE 3 TLUER, WERN 0.6m/s i, EERG
R 7 MBI AR AERLARRE R RIAE AL X R AR Z I AN a4 R, EAEER R 4 NI AR 3R
IREBA, PEHEERD, SEBRANRIBERE 200 £4H. MILZT, HEEFELE 7
AU R RS M DL AR ST At , BB IRE R 60, EEGH R NERKIE
B30 £H. BEFIEH T HRIIRNEHRRANER, SABZLMME, Bt
SRS T AT ARAANE RIS+ HE, R G W ARNZRIRERE 8 £AE
BASh, HARWSKMBHRREMBINHE 4 LT, BREFRTHINER, BRI

&
e O dbhomboobombombom bow
™3 T T -

1;5 4‘0 415
1(s) 1(s)
B3 i BB AL ) ) e 92 2% o 1 28 (U=0.6m/s)

50[ G1,Cylinder with 4-control rggsr 50, _G1.Cylinder with helical str'a:kai
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1(s) 1(s)

Bl 4 45 BAT AR U im0 R R AR B FE 28 (U=0.85m/s)
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BT EEEKSAEF T SRR

EE 4 L HEK45° AR TR TARBERARERMNIRN TR, Frh b3 xRk E
BRRRIRMALE T B3 SRR A 7 MR KB R E EIRFFE 200 £, G3.
G4 K G5 Fm BLiEE 8 B AE W 3 573 5 4 NI RIBE K. TIZESRE BHF MM EE L,
7 AN RENAIEE AW ANFEIZ] 50 LUT, EAREE 2 £A, REETRT, MR
B, B 7 MIRZEBEERRAD, BEFRMRE, YL BRI kR 75 18 275 K7
REE—RHLR, WEEEN—F. U EISRBBHIFEMM SRR s R RS
MBI R MHIBR, BERTFEELR. MHAREFIRNEARERR G4 KRR
BER/N, BREME. WKWK Gl. G7 KIBERZ, MHRBUMNHRAR G2. G3
A G5 G6 HINARIBEB K, BREEXREE 25 £4, MHIEETE S0 UT, BARRW
FIRRUAEEETR TR TRS.

4 g

AT REIRIE TR R I HIFTE W RS B X R IR VIV HIBIBOR BT 7 REILE, B
T 4.

(1) SEEe BRI PR Fh I 1 35 B 3 T i s S B R B AR IR ) VIV IBTESUIR
REF IONLEFHMBIRE, HEEE AR MM ERNEEFENESR: WEFHFTE
B RS VIV 16 3R R RER BN A Z A, FHMHIBRLE 60%E R .

(2) £ 45° MMFEEFEB L, BHFH VIV SR BREE TR TEHNEN,
MBI LS 67.3%, R EEREERIEAREE. TRESIR SRR ERE
VIV ISR BREE TR THERK, EELMREWKRS).

T AT ST e WHIREE AR R 4H &8 17.5D/0.25D HRIEFIR LL R BN 025D, [d]
5 0.5D KDY RIBHIFF R BT TH R . HRAMMREE T L MERE R EMHRE, §
FRAFRRFILRMMEELHR, BRRROFAMES.

B OB
AFENIRARIERATERERN ¥ XS (51479135 F2 51679167) %k By, £l
R R
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Comparative study of different VIV suppression devices on inclined
flexible cylinder

XU Wan-hai', QIN Wen-qi', LUAN Ying-sen', XU Jing-yu®

(1.State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin, 300072.
Email: xuwanhai@tju.edu.cn; 2.Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Chinese
Academy of Sciences, Beijing, 100190)

Abstract: In this paper, laboratory experiments were carried out to investigate and compare the
VIV suppressing effect of helical strakes and multiple control rods on 45° inclined cylinder.
Square-sectioned helical strakes with 17.5D pitch and 0.25D height and circular array of four
control rods with (0.25D diameter were applied on the model respectively. During the test, the
model with L/D of 350 was towed in water basin to generate uniform current, the corresponding
flow velocity is ranged from 0.05m/s-0.1m/s with an interval of 0.05m/s, and the VIV response in
CF direction such as strain, displacement and suppressing efficiency were attained through
collection strain gauge and model analysis method. At the same time, the data on bare cylinder
and vertical cylinder was also presented for benchmarking. The results indicates that the suppress
effect of helical strakes deteriorates when the model 45° inclined, and it can even enhance the
vibration on yawed main cylinder. In contrast, the multiple control rods shows good VIV
mitigating results on both vertical and inclined cylinders.

Key words: VIV; Inclined cylinder; Vibration suppression; Control rods; Helical strakes.

- 1103 -



