9535 % G54 S § =1 Vol. 35 No. 4
2020 4F 8 H JOURNAL OF EXPERIMENTAL MECHANICS Aug. 2020

XEHS:1001-4888(2020)04-0567-10

[ [ 2 U 14 53 B 45 440 9 2 KL SR B 52

REE, REF, THM

(BB E R TR, K ¥ A EBESLTEE, 1 200240)

WE: rBAEAFTAG AR EEZ — & TE R A HE®RBLELARIFGHAER, 2
R THEMED ELERNBSBEELEREMGIEAER ZE R S EREATRT, KXl
A RS AR RIS ERE RO EAL LB HEE N LT f iE 5
¥Rk "X HARE G S TSR L, EREAV . Wy BiE. 5 0A 6 RRKD
(Vortex-induced vibration, VIV) £/, ZEMedva mw R KRB ATRZ £ — B R EE N, (22 L4
MBEREVIVRAXRF S, S2BEKEH0.2D(DAREARN . EMm e B A VIV
EAIANAS L, S BHEKEHR0.4D.0.5D 0, M A4 2N R RBIE, B,
BAREARABRRFEGEESERRER, S8 MRk, kMY ERmmIgER, SEA
HRERDEN, TUEXANEHREHEZAZ . 5 RAVREFEFHRERE, B FFT 547 BiRik
B, TAEIN Wy BHEE REPRAXEGSHERRL . ©A60 E I T 5 5% %K
BAEXA K,

KER: 2B E; WHEKS; KA EE; B0

FESES: 0353.5 XERARIRED . A DOI: 10.7520/1001-4888-19-072

0 BlE

FEL bR TR B AE S5 R T 0% UL o i S AR 2 B 25 M I L 7E — 8 AT AR R S 2377 A
SR B b 0 o T S ) b 2 (0 5 4 52 B S0 1 R A A DA g T 2 TP G ) AR 5 BT 5 4
R i1 A A AR I s 23 e A SRR IR 4 o W I s — O T Sl 0T 0 G A ) 2 el A A e A iR 55— O T 4 A )R
SR AR B0 2 0 e o 0 75 B BT E o X T T 5 5 | RS B T A 5 R R EL RS Y B R PR A i IR 3
(Vortex-induced vibration, VIV)E

T PR 3 B A7 A8 AT RE S | B 25 M IR L Al o T AR il Rt ) o IR sh g R A T b B, TR b
T3 AR 2l 7 00 ) SR s = A PR, 23y R sh Oy . E3h Uy SR I A SRR AR f L A 2 v i BRI e
F5 2 9 Bl 5 2 A B R 2 1 BRI A5 Fh A o 2 B, G0 B (fairing) 43 B % Csplitter plate) M2 E 54
(helical strakes)™ %, #2720 b F AR HE B4 2 07 (B i 43 2 )32 W . Zdravkovich™ 78 B 4%
EL A 18108 TR 20 410 1) 26 A Al b R ok e ke B DRI O = RIS (1) TP 3 R AH S 1 2 491 A R
S0 IRELR | 5 S P IRE F 1 A0 5 (20 5w Bl A R T AR BY D)2 0 L ) G B U A L 2 AL A
(3) BH 1k 7= A= 1 B D) J22 22 1) AR EL AR FH (0 206 400 a8 4 A0 T S A ke o 308 I8 AR 3 9 F 9% AU
IR B a0 P 5 A0 s AL B oK 1 22 1) 2 3 DA A T8 B8R 3 1T LA Sy B U [l S 4 R S B L ) e AT
Bernitstas 25505 1 52 5 3R 1 %k BRI R 3 E B I YR AL B

*» WFRBEHI: 2019-04-27; €@ HHEF: 2019-07-19
BEEWAB: MK HRFERSETE (No. 11872250) % B s F & B 5 KL I IR (20162X05028-001)
BIRAEE: L3967 —), B 582, EEBIETT )« o R B V53 05 2 5 IR R 3 LMl . Email: jswang@sjtu. edu. en



568 o 1 % (2020 4E) 45 35 4

O3S A S — P A AR T I A AR R . R AN Y A AR o B AR L O A A T
B 7K A8 BRE I 4385 4 5 R sh 4 ) B9 2R . Unal M1 RockwellH'™ | Texier 450 | Akilli 40 PL K 45 2EH9 R
S 56 T B B R S5 B0 43 B )5 TR sh s AT TR SE . Apelt FI West!'® 7 [ S2 g8 B 57 R WL BT &R
ORI 30 Ry 57 e 8 o K R A AR A T A A L R e T U B R TR )N BT BT U B B B B
B 246 R 7t KRB/ . Liang 4815 R I S 56 T B B R Ji5 00 A5 R0 B A% [0 2 W 8 8k LA B T30 A
J i R 4y B B SR S AT TSI R T R B4

PR B0 45 i 0 £ BE T X8 [ T A A 9 S8 U R R B 0 S A Y R R AR R AR B R i S 9 L
INGERE BTS2 B R AA T o SR o DA R W N Y B 2 A B A 0T AN — o S R BB R 45 A B A B Assi
SFUOLHEAT T — FR AN KR S5 L 2 R L R B 43 S R ST B R AR R Bh . T 48 iR 3h kK
5. FAE 1990 4F, Kawai™ il i3 DVM(Discret Vortex Method) ${H 75 2 » & 3R 43 55 45 0 5 23 i 45 44
(PR3 . Assi 1 Bearman™ % B, BN 43 B 805 . T+ 0 RSB 22 o) AR A7 22 R 25 28 SR B BR L F — 2B &2 iht
PIV(Particle Image Velocimetry) SE 45 & 3, 5 U )22 S5 Wb 6 78 43 B9 & [, Assi FEUOVRE 30 R0 B i 44 43
B BT 1 5 AR AH 7 25 AN & A Bk R 1) 45+ e )0z U9 SRy B R (galloping) .

Bt B 2 O — I 2R 31 (flow-induced vibration) , 5 18 BUHR 30 AS [A] , 25 44 i3 i) 7 R 7E — B LR X (1]
DAL o Bt A1 7 i 3 e i S A — A o Lt R o 0 R T A L S IR Bh R B R A 2, BB RTE
25 S R B R 5 A T UL L G e 2 B A B O TR A AR L B P A R R E T N, S AR
I R IR AR AR 25 vk 0 B B L B B vk IR T L B B R B AR KU MR T S 23 R AR TR Y i
g, UG R AU BB BT D)2 0 B G 23 S5 8 A2 B — A 55 4R 3 D7 1) [ ) A I A ) . DA TG AR
ok R

R Y ARG ] 45 DA G g 2 X8 (B A 95 A o 7 ) 5 e, AR SR Y XUTIR) S5 56, AT 5 8 A [ 4 I 0
5k T 245 g g 1 () B R ] R IR ASCN 3075 380 3 I A %, JF R FET (Fast Fourier transform) 434 Ho A4S

i,
| RREE

S0 T FH AR R b ¥ 58 3 K 2 sh BB B TR R L 56 A B I 2 R KU AR IR 43 Sk B
BE W 4E B SCU0 B P RUBE B I BEARER 4y . e Bt 101 A 3l g 28 Ak — 2 e T A RN — 2 PG I DA A
B LT A 0 55 5 W 4 B K 1200mm, W4 e g 9 AT R IE S 56 B A R B0 AU R SEER B SE o
600mm X 600mm X 2000mm , X i [l 0m/s~ 20m/s, i ¥ JE /N T 0. 2%, 72 52 56 XU 78 DA AR 22 0% 7
AGR TS LD 4 AR T A R SR S S g A BN

SO0 T A (R A 0 A8 AL BE 5 A L AN R S0mm, BEJE 3mm ., X R B K 42 B ORTBH ZE H 4 51 R 9. 88 N
8.33%, P ESBLAEA 0. Amm JE B2 BR MR A, LT S 0 A% 1 RN B 45 T B R BR L B SR BRI T
0.25D, 0.4D, 0.5D, HIRIFEFIH 73 8 SA ALY B & F o35 2909 360, 365, 368, 370, T Hrimsre
25 5 R OF B AR AR A R RS A ) I o AR AR AR /DN L LS 50 5 B bl A O ) — R L R e R AR 1k
AR 7N 33 B 220 L S5 6 48 SR (B

1 AR AR 1 2 26 s T TR R AR TR i 43 0 ok D 4 R o B Ak e 9 R B R AP R A8 K B, DA DR IR AR A A
P 2y of 5308 Gy 2 ORFE R AR V9 iy ) 590 i R R 24 BROEL T el

TR L RE AE A8 L 1) 5 i 4R 30 I 260 B8 48 A 422 ik 5O 067 B A% AR (Keyence T1L-300) 45 , 1% /&%
AR 140mm. FIH A H# R E RGRELREIE . LG5 REM R 1024Hz, RER)T
FIH] Labview8. 1 4’5, BN T IR SN IR AE AR E J5 R 60s, B 10 Yo WAL % i 8 19 ~F- 34 1 A A0 1
A% IR A

D 2 0 A B R AR 4T (Dantec 5511p) A5 (6 D~0. 75 D) 37 &M 37 16] Ui 38 LA BT 3 37 18 6 A 2%
WE 1, RAEMH A 1000Hz,

Sk 96 E S 6 i L K A SO SE 58 9k T A B BB AE VIV ORTET R 45 R T A . RGE)
[ A A5 R BH 2 38 3 A PR S 0 S SR AT . &1 2 D SIS AR B A VIV S5 SR A% L L i AT LR B A



a4l RS 545« [B0 A ] 25 9 4 2 2 458 205 40 4R 23l XU 52 6 07 5 569

laser \§/| I |§ (b) y
(@ | {} T 7

E

=T o
S

B 1 BB R

Fig. 1 The installation of model
SCHGTIE B B 58 IR S0 S SR 3R S8 IR S e Y L Feng™*) R0 AR SC A XU S5, #R B4 B 4 S Cini-
tial branch) Ml F 3 43 3 (lower branch), A< 3C Y 5t & FHLJE Lo & /I, PR O 5 K 1 K5 Zhou™*) Al
Govandhan 5 Williamson J& 7K i SZ 5 , 52 W) U5 43 32, b2 32 Cupper branch) #F 543 32, A 305z
G5 e KRR A/ DARIE L EAR) R 0. 62, % & T AR HIIAE S 0. 68, B X [H] 5. 0~8. 5. 4F
G 4R AR S BUE I . &L 3 S T8 A A Bl 2 A R Y AR Al it e, b iR S5 IR B (Se= f + D/UD
SRR AT 2 B T WS [ SRR AR (Hz) s D R BIAE B AR (m) s U R B (m/s) . HHE 3 AT LA
BB AHRYERR FE U, =5~8. 5, RN WA T A M) . K, A S50 J7 02 & B H 7T 5
1 o

_ 1 075D~

1.0 - 5
a m 0255, Feng(1968)
O m'=0.260, Zhou et al{2011)
0.8+ & m' 0251, Govardhan and Williamson(2000) 4
v mE0099, Rrsiea R
0.6} v 3
Q & oo S
< 04f “immgbb e
2y
A v
0.2} oo W T
. o o
"ﬂdl %OD o 0 n n L I
0.0 00 50 100 150 200 250
0.0 20 40 6.0 80 10.0 12.0 U
Ur !

P63 B db AR

A 2 I VIV
& P Fig.3 Vortex shedding frequency for the bare cylinder

Fig. 2 VIV of bare cylinders

2 KWHERKWIE

2.1 WE{E M R

4 Ry 24 B 5 BT 09 4 2l e g A ) A B Iy it 2L R T B g 4 S IX ] SE g L Ol TR 9T IR
T IR G (P 7 I AR (0 R 30 R 45 19 29 A0 B R W] B 5 A2 7 R T PRI AS [R) 00 46 45 8. 0 il e B T
0.25D.0.4D.0. 5D K B 43 2 875 1L T 4G (from rest) F13%E £ 38 XU (increaseing velocity) B FhAS [6]
Wb 2 A T A 29 A T A5 T 5 B I 0 48 2l w8 Ok 43 A I (R R N o i Lk TR AR 7 4 AR A I KU
S SR AL R VRS XUBILE 2 3 AH R XU F57 R 3 56 4 AR BT A DA T+ 3 28 1 XU R A B
B RCER , A BT A AR Sh AR AT DR A L

& 4 RUITE U, =5 Bsf 5 B AE 4R 20 08 (8359 LU 1 235 W2k 53 2 48 A 4 2l 2 98, 25 A8 1) 452 % me) 1y A o7 2 —
Hny o e oy SR I IR 2l B I RE S D A ROR B B T R R R B g0 S R T 4 T A
AP BT T e 1T XU ™ #9417 s 5 T L TR



2
E)

J1 % (2020 445 35 4%

wD

Liang™" FEBF 5 181 A1 5 0 A 0] B i B s 4 85 45k
P46 (U, 5,08, LD=025) AR BRI, O TR STB A A XA R 0. 2D

R (. B L O 0. 5D B9 I8 FE J5 A 18] Bt 9 [ %E MY
Yoy B £ (L= 0. 5D) 20 51 i i W3 A~ AN [ 79 40 4 £
¥ AT BN SR ANIE 5. e i W R i F8 O 0. 44 D, A7 i
9 0. 5D 153 B A 4R 2 A2 4% 1y i il 28 52 Bl SR AN (] )
Py . o mT DL A0 46 A% 1R X T R EUIR B 45 R Y

-0.1 W AR A R T OB R
0.0 2.0 4.0 6.0 8.0 6 X Eb T R AR 3 T 1k A5 2 B o N7 1 (E BE 29
Ty, LA AL (U, =2~22), B, ENEZKER

0. 25 DI, IR fii LG AR 55 , W9 b 00 4 07 75 19 21 19 45
FARY G, HE B R K AL F] 0. 4D W, 38 #

Pl 4 ] 5 8% 4R ) i) 7 7 I ik
Fig. 4 The time histories of the cross-

flow direction response

S, 2 8 o XU A 3 A w7 X T B B 24

BRI 0. 5D I 3% S 3 XU 7 T ik I A Y

0.6 1.2
t ——v/D=0.44 —y/D=0.50
0.4 A 0.8 70
02 04
0.0 0.0
-0.2 -0.4
-0.4
0.6 L i R IR | -] L L L L
0 300 600 900 1200 1500 1800 0 200 400 600 800 1000

/Ty /Ty

B 5 [RIRE BRI A Tl B 2 43 B 48 38l ) 4k
Fig. 5 Excitation test for cylinder gapped fixed rigid detached splitter-'*
e 17 23 R 22 3 K # 1. 69D 1 Ji5 R A .

J

20 LA 2.0
+ L0028 A ° O— ik Fres
WL o s c
O Lp=04 #f o
O Lp=05 it i o
5 : o - 1.5
Q 1.0 xs
- E
Po!
05t 1O} L
O_O_m-ﬁl-ﬁ 0 [)
0.0 5.0 10.0 15.0 20.0 25.0 0.5 1 A L A
U 0.0 0.1 0.2 0.3 0.4 0.5
& L/D
B 6 BVEEMONZ it S 3R 50 A A 7RI A0 ) K

Fig. 6 The response of a circular cylinder

with splitter plat

Fig. 7 The peak response amplitude at

different length of splitter plates

SR B BRER S5 0. 25D F0. 4D 43 B 865 - 2548 B R A R It 28 5 B IR AR VIV 2L, 4540 HAE —

5 R Y PR PN 24 A A0 8l o 7 2 O A 38 AR 8 o (L DA /0 A e ) ) DX ) A A 22 9

HIIEL 6 AT LAZE 2 2 A /T 7 6 S5 A A 3R 3l I {8 2 [ 45 W P 2 8 B i AR sh MR i X 5
B4 Bahie—2, BB 2000 B34 [ 25 WIE 20 2 2 A9 I 0 e B 4% 1 30k F0 0 R 0 L AT R T A TR



a4l RS 545« [B0 A ] 25 9 4 2 2 458 205 40 4R 23l XU 52 6 07 5 571

2 SO < A U e e 1 8 e Sl ) A el A U S 2 7 5 A ) L IV A S/ E
EARER M, Y B A KRS 0. 5D W, 45 F 8 3h me 7 g 8 76 29 4k 3 B DA 5 ) 19 XA — 1 2 4k
PERE 55 B R 17 1 (L e 7 AR L A S B A 22 S SR S L Bk sl I IR A Ol TR
FX — G IE B AF A IR IR 2 R 5 SRR FET 85 G 00 o0k H 347 5007

PR 7 S e I 058 A1 5 K 38 A0 728 AR R AE o B 0 28 48 2 L3 KL ik 55 Assi S0 B 45 SR 54
AR R TR R AR SR L E BN 0. 4D B 43 B8 B (B B R AT LAF A 1. 07D, R fE U, =
11. 62 B BRAS ¥ LR3I KGH BT IR A5 1 e R I B 2 43 25 2 348 o 34

W AR b i 187 DX T B0 43 88 48 22 0 o SO DX TR0 A8 5 1 FL S 7E 43 88 B B iR 2 0. 4D B i B 2
HEENR .
2.2 EEE

8 SRy A~ 43 B8 A BT (0T RE 57 WA B, X BN 43 8 S L OIS W A /N . RT O Ay T I A % B
2ok AR AR i 2k v LU B BN 4 8 B 2 5 R AUE IR SR EAE VIV BZE L, X W T
BTN 43 28 48 U o o 1 R U S S RS B4 . 25 L BRI 43 5 48 (0. 25D, 0. 4D, 0. 5 D) J » 45 A4 11 Wi i 3 2
ST LRIEE IS AV S AR S 1T

5.0
0.25 v R ®
40F © wvp-oas %‘5‘
O LiD=04 %§
. =3.0F © tp=0s %§
_____________ ———— ~ =
. 020 haciniay: g 2.0t ¥
%51
1.0 VERSSPSROUO0IT 0
®
8
0.0 : ' : .
015 . , ; ; 0.0 5.0 100 150 200 250
0.0 0.1 0.2 0.3 0.4 0.5 U,

L/D

P19 [B AT BRI 43 5 5% b I A %
e A
P8 S o7 i L Fig.9 Vortex shedding frequency for the

Fig. 8 St number circular cylinder with splitter plates

1.5 1.5
U,=5.52 ) Uy=5.90
;g 1.2 _:-; 1.2
;} 09} % 0.9
= -
% 06 2 08
3 3
S 03t E 03 | l
- " - |
z R | T A TN RS, .
0.0 LN prerruteptubgacdl, bo) 0.0 P ELAL T e N R YTV STTRRTIOTR.
0 1 2 3 4 0 1 2 3 4
.!‘.!‘n -‘f-‘rl.'l

&1 10 B [ e A i
Fig. 10 Frequency spectrums of velocity during the response for the bare circular cylinder
T i B HLEE A FET AR it AT A i o A . X T ERRAL T L A 10 Fros 7R W)
06 3 AR B — AR S5 A T AT AR A 23 (1 ) T 24 U, = 5. 90 I, i 17 15 {8 305 3 d5e R 43038 b £
TE 2 f 713 f HYIEHULAY
A O [ R I R R 3l T g R U S A S b A ARV RS S L AR R I SR S R R D R T
T AR TR0 B0 S JE T A I P A5 5 28 L TR R S, e B A 2w 2P AR A 6 A N 3 L 5



572 LA (2020 4F) % 35 %

x
3

At 2x BRI A

20 TR AE: RS o o 2 " AT TBR1 A 4 T A2 A 59 AT s A X B A= Ak, BT 11~ 13 iy [BI A B
WP 2 8 28 i )3k JEE B ey P T DA H B T B 2 R SR 0

WE 110 T e KRN 0. 25D RS, 2 U, =7. 18 I A% h JT 4 i B 2 £ 13, gk 2 4 K
AR — AN U= 7. 73 W AR B B R T L R P 2 f o oy 3 A B KU B L 3 f I
R I 46 B 1 f TR 3T M

S D

-

Nomalized amplitude

Lre

50 "~

P11 [BAE BRI 43 8 45 (L/ D=0, 25) 3 B 43 3%
Fig. 11 Frequency spectrums of velocity during the response for

the circular cylinder with the splitter plate( L./ D=0. 25)

Nomalized amplitude

10 "™
6 6,0 6.5

P12 [BEE BRI 43 8 48 (L/ D=0, 4) B EE A1
Fig. 12 Frequency spectrums of velocity during the response for the

circular cylinder with the splitter plate(L/D=0. 4)

BB EKIE N 0. AD B A& 12, 2 f VA5 AL 43 7 5 T 4R B R AE A B WG KL fE U, =
9. 98T, 3 f MU IR W B, 2 £ F 3 f BLAT B MR AR IS K AE U, =11. 62, RIma j; iR | KAk, 2 f P46 5 3%
HuA

W13, 0 B3 S 0.5 D B, R SE (4400 B B B o B0 240 A o 38 58 /DN Bsf 38 01 B 43 1R 55 . Bt 2 JXUGEE £
R M3 TF IR 78 U, =12. 23 B 05 A2 D WA 2 f F0 3 J0 53 . Ak 2 1 R UL T 22 9 1
SRR L TE U, =14, 42 BB T A SR04 B AFTE 2.3 F 4 F.5F.

g b A BN o3 B 45 A0 v IR A R 43 R IR A B 2 L A B, & T R B o S R S
(NG 5 o AR A N C A S I TR AR 1 4R 2 e 57 4 B9F 5 R LAk B Al (5 R R v R A R sl R R G I VR
R B N 52 2%, DT AT B 08 22 10 38 000 43 7= 2

A S AT BN 8 B 43 8 8 OV T 0. 5 D) B9 W HLER , Assi 2P0 Fil Stappenbel ™ 75 7K Hh 4 S2 56 #B 4
FOR bR . FR T B L IR Sl i e R O A AR 28 BB RIS A 5 I S KR S — ELAEAE



a4l

Wi S 0 A5« B 3 45 O 12 25 45 44 I 3l XTI 52 56 F 573

B
£

=]

Nommalized amplitude
(=]
s w2

(b)

(=]

amplitude
2

- 0.6

Nomalized
i

5In‘\.tl

15.
15.0'7,
13 (140143 U

6 12530

13

IR L B 0 43 88 4 (L/ D=0, 5) B A3 3%

Fig. 13 Frequency spectrums of velocity during the response for the

circular cylinder with the splitter plate(L/D=0. 5)

MR SR VIV —F, BRE 7F — B i #3E F .
AR 4 A R X BE . Assi il Bearman™ 42
Hh o 22 BT LA I B U O Bt A L S R A L A 1) 7 B
55T 7 B AR AL £ I A PR R T8 R 3 s B
SRR BRER AHNL— B AE 0 2247, #R M Stappen-
belt™ AT 58 F W L AL AR VIV (9 RRAE 5 0 0k 9 3%
I ARA 56, & 14, 0] RLFE 3 HE B #0669 A
RTE VIV B ARG IR — 2 S R Bk .
SR 3 4R 2 5258 A BEE L Yl A AR T A K i A 2
(58 SR BKBRIE A 2 & 2B L B UL , S BEAR 41 AH 47 Bk BR
A1 2% T HE R 3l U5 A Bt 4R AR SC b AR 1 Y B A
SRR H B VIV B R BiE B HRAE

I 4h . Stappenbelt™" % B, 24 B A B hn 45 5
Bk (0. 5D I, AR 3l w3 7 B A 249 4l B 3R
15 ARSCH IS ER & BT SR A 0 B4, 31X ol
N B R IR R 23 BRAE R AR VIV i iz o i 7
1 JE 48 ) VIV i B o A AT RE KA L B 14 A

180 155

Senm§*

150 |

120
S 90t

60 g

0F o

ADLAALNABNOBBDANNNANB NN,
0 W L i
0.0 5.0 10.0 15.0 20.0 25.0

Ur

14 Prghme 638 5 T ) AR 22
(HIRIE B BE . D B s 5 A 08 - B
WS 0 o3 B 25 = AIE = MAIEEIRD
Fig. 14 The phase lag between displacement and lift
(pentagon: circular cylinder; circle: D-section cylinder;
diamond: circular cylinder with splitter plates;

triangular: triangular cylinder)

A = AR AR D BETE A VIV iR, T LUF B[R A IR 4
25 b TG AT B R 53 25 48K 8 e 0 38 2 LAY ) VIV i 1 T LG 3 I A R AR 5 H Al 3R (B 48 A A

VIV &0, 5 R VIV R S5,



N I - (2020 H) 58 35 %

M

&it

(1) AR SCR AR 52 36 AF 517 168 A [ 25 Rt 7 g i B0 5 6 T 7 5 LA R o 90 238 R AR 7 B) 30 3 A 5

(2) M B KR 0. 25D B Ak m R 5 R AE VIV 600, 4 & &K EH 0.4D.0. 5D i, 4544
76 W 0 385 i BLAR . [R) AR o W 0 2 7 3K B i K R 3 R Jm 28 AR TR 2% . 7 3 S 4 i XU 0 4 A% 1R

IR B B A R R TG 58 . 45 o3 B R S5 A Y VTV R SR 20 R R S 5 B R

[Fi] 25

B 45 4 B 4% VIV 1 Je k.
(3) [ [ 45 4 15 5 J o LR It o 2 198 0 33 v A7 7 B 22 B AT AR 4 3 1T BB 5 T AR A O
(4) B4 [ 25 50 4 B 450y VIV w53 RITE s VIV 2R, w2 BLIR A, 2 % 5 T 1 B9 A A

& RARBRERTH 2%

SE WK

[ 1] Blevins R D. Flow-induced vibration(2nd ed)[M]. New York: Van Nostrand, 1990.

[2] LeeK Q. Abu A, Muhamad P, et al. Prediction of vortex-induced vibration of bare cylinder and cylinder fitted
with helical strakes[J]. MATEC Web of Conferences, 2017, 95:04001.

[ 3] Zdravkovich M. Review and classification of various aerodynamic and hydrodynamic means for suppressing vortex
shedding[J]. Journal of Wind Engineering and Industrial Aerodynamics, 1981, 7(2):145—189.

[ 4] Zdravkovich M M. Flow around circular cylinders; vol. i fundamentals[J]. Journal of Fluid Mechanics, 1997, 350
(1):377—2378.

[5] Assi GRS, Bearman P W. Vortex-induced vibration of a wavy elliptic cylinder[[J]. Journal of Fluids and
Structures, 2018, 80:1—21.

[ 6] Huera-Huarte F. Suppression of vortex-induced vibration in low mass-damping circular cylinders using wire
meshes[ J]. Marine Structures, 2017, 55:200—213.

[7] Law Y Z, Jaiman R K. Wake stabilization mechanism of low-drag suppression devices for vortex-induced vibration
[J]. Journal of Fluids and Structures, 2017, 70:428—449.

C8 1 X, XB7, MEH, 2. wBe bR BTaE H B AR i SR sl i R W e ) ). 528 Jy 2%, 2014, 29(6):737—743 (LIU
Zhuo, LIU Fang, YAN Xiang, et al. Experimental study of study of cylinder vortex induced vibration under high
damping ratio and low mass ratio conditions[]J]. Journal of Experimental Mechanics, 2014, 29(6):737 — 743 (in
Chinese))

[ 9] Bernitsas M M, Ben-Simon Y, Raghavan K, et al. The VIVACE converter: model tests at high damping and
Reynolds number around 10°[J]. Journal of Offshore Mechanics and Arctic Engineering, 2009, 130(1):1—12.

C10] 5w Ak. BRI o3 e 4 2 o B 7K 80 s S0 3 B0 o 0 B BUE ARSI 52 [C. S Lm A K 8 2 R U3 —
+ w4 EK s ST &8 SCHE . 2009 (WANG Jiasong. High-resolution numerical simulation of vortex-
induced vibration of the riser with attached splitter plate[ C]. Proceedings of the Ninth National Conference on
Hydrodynamics and the 22nd National Hydrodynamics Symposium, 2009 (in Chinese))

L1l #ppk, Emay, A3, S5 Womsr s &bl K S Wik ot )] B AR, 2010, 29(9):177 —179
(ZHONG Qing, WANG Jiasong, GU Fei, et al. Study on the control of vortex-induced vibration of riser by
additional separation disc[J]. Journal of Coal Technology, 2010, 29(9):177—179 (in Chinese))

[12] Unal M F, Rockwell D. On vortex formation from a cylinder. Part 2. Control by splitter-plate interference[ J].
Journal of Fluid Mechanics, 1988, 190:513—529.

[13] Texier A, Bustamante A S C, David L. Contribution of a short separating plate on the control of the swirling
process downstream a half-cylinder[J]. Experimental Thermal & Fluid Science, 2002, 26(5):565—572.

[14] AKkilli H, Sahin B, Tumen N F. Suppression of vortex shedding of circular cylinder in shallow water by a splitter
plate[J]. Flow Measurement and Instrumentation, 2005, 16(4):211—219.

[15] A4, Ezamd. Bhpc, 5. RIS s S0 ) Bk 88 10 MO 30 i KU 23 IR 98 [C. S L 2 EK 3 122 R il

WS~ TR A E K S S e 4, 2009 (GU Fei, WANG Jiasong. ZHONG Qing, et al. Wind tunnel

experimental study on suppression of vortex-induced vibration of riser by using separation disc[ C]. The Ninth



RS 545« [B0 A ] 25 41 2 2 45 205 40 4R 2l JXUTR) 52 6 07 5 575

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

National Conference on Hydrodynamics and the 22nd National Hydrodynamics Symposium Proceedings, 2009 (in
Chinese))

Apelt CJ, West G S. The effects of wake splitter plates on bluff-body flow in the range 10*<CRe<(5 X 10*. Part
2[J]. Journal of Fluid Mechanics, 1975, 71(1):145.

Apelt C J, West G S, Szewczyk A A. The effects of wake splitter plates on the flow past a circular cylinder in the
range 10*<<Re<<5X10*[J]. Journal of Fluid Mechanics, 1973, 61(1):187.

Shengping L., Jiasong W, Zhongming H. VIV and galloping response of a circular cylinder with rigid detached
splitter plates[J]. Ocean Engineering, 2018, 162:176—186.

Liang S, Wang J, Xu B, et al. Vortex-induced vibration and structure instability for a circular cylinder with
flexible splitter plates[J]. Journal of Wind Engineering and Industrial Aerodynamics, 2018, 174:200—209.

Assi G R S, Bearman P W. Kitney N. Low drag solutions for suppressing vortex-induced vibration of circular
cylinders[ J]. Journal of Fluids and Structures, 2009, 25(4) :666—675.

Kawai H. A discrete vortex analysis of flow around a vibrating cylinder with a splitter plate[J]. Journal of Wind
Engineering and Industrial Aerodynamics, 1990, 35:259—273.

Assi G R S, Bearman P W. Transverse galloping of circular cylinders fitted with solid and slotted splitter plates
[J]. Journal of Fluids and Structures, 2015, 54.263—280.

Corless R M, Parkinson G V. A model of the combined effects of vortex-induced oscillation and galloping[]].
Journal of Fluids and Structures, 1988, 2(3):203—220.

MEGH . T, HURJe. 55, oB 4 bl B AR 3% 300k 3 i IR AR w5 L) ], S8 % 3 2%. 2016, 31(3):393 — 398
(SUIT Juan, WANG Jiasong, TIAN Qilong, et al. On the wind tunnel experiment of cylinder vortex induced
vibration by fluff controlling[J]. Journal of Experimental Mechanics, 2016, 31(3):393—398 (in Chinese))
Govardhan R, Williamson C H K. Modes of vortex formation and {requency response of a freely vibrating cylinder
[J]. Journal of Fluid Mechanics, 2000, 420.85—130.

Zhou T, Razali S F M, Hao Z, et al. On the study of vortex-induced vibration of a cylinder with helical strakes
[J]. Journal of Fluids and Structures, 2011, 27(7):903—917.

Lee K Q, Abu A, Muhamad P, et al. Prediction of vortex-induced vibration of bare cylinder and cylinder fitted
with helical strakes[ C]//MATEC Web of Conferences. EDP Sciences, 2017, 95:04001.

Feng C C. The measurement of vortex induced effects in flow past stationary and oscillating circular and D-section
cylinders[D]. University of British Columbia, 1968.

Belloli M, Giappino S, Muggiasca S, et al. Force and wake analysis on a single circular cylinder subjected to
vortex induced vibrations at high mass ratio and high Reynolds number[]J]. Journal of Wind Engineering and
Industrial Aerodynamics. 2012, 103:96—106.

Morse T L, Williamson C H K. Fluid forcing, wake modes, and transitions for a cylinder undergoing controlled
oscillations[ J]. Journal of Fluids and Structures, 2009, 25(4):697—712.

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(4) :483—503.

Simon Gsell, Rémi Bourguet, Marianna Braza. Two-degree-of-freedom vortex-induced vibrations of a circular
cylinder at Re=3900[]]. Journal of Fluids and Structures, 2016, 67:156—172.

Seyed-Aghazadeh B, Carlson D W, Modarres-Sadeghi Y. Vortex-induced vibration and galloping of prisms with
triangular cross-sections[J]. Journal of Fluid Mechanics, 2017, 817:590—618.

Stappenbelt B. Splitter-plate wake stabilisation and low aspect ratio cylinder flow-induced vibration mitigation[ ] ].
InternationalJournal of Offshore and Polar Engineering, 2010, 20(3):1—6.

Ongoren A, Rockwell D. Flow structure from an oscillating cylinder Part 1. Mechanisms of phase shift and

recovery in the near wake[ J]. Journal of Fluid Mechanics, 1988, 191:197 —223.



576 S A R (2020 4F) % 35 %

Wind tunnel experiments of the vibration response
for the circular cylinder fixed connection with rigid splitter plates

CHEN Wen-yu, LIANG Sheng-ping, WANG Jia-song
(MOE Key Laboratory of Hydrodynamics, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract. Splitter plates, serving as one of the most commonly used devices for flow control, can
tremendously suppress the vortex shedding of fixed cylinder. However, whether splitter plates have
the similar vibration suppressive effect on free oscillating cylinder needs further research and the
control mechanisms are still unclear. In the present study, the vibration response for the cylinder
fixed with short splitter plates is studied using the non-contact laser displacement sensor through wind
tunnel experiment under two different initial conditions of “from rest” and “by increasing wind
velocity continuously”, respectively. The results indicate that when the splitter plates are attached,
the vibration response is limited in a range of wind velocities, similar to the typical VIV (Vortex-
induced vibration) of bare cylinders, but the amplitude is much higher than that of typical VIV for the
single cylinder. For the case of L/D=0. 25 with L the length of splitter plates and the diameter of
cylinders, the vibration response has two branches. For the cases of L/ D=0. 4 and 0. 5, the vibration
response would abruptly halt after reaching the peak, with the presence of the hysteretic loop. As the
wind velocity increases continuously, the vibration can be enhanced. Similar to the typical VIV, the
frequency locking phenomenon can be found, which shows different performance with the classical
galloping. Besides, multiple harmonics can be found in the frequency spectrums of the wake velocity
by the FFT analysis, and their appearance may be related to the vortex shedding modes.

Keywords: splitter plates; Vortex-induced vibration(VIV); wind tunnel experiments; harmonics



