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Abstract

An experimental method, based on Reynolds number similarity, of the vortex-induced vibration
(VIV) of circle cylinders is proposed to achieve VIV similarity between prototype and tested model.
The VIV response of a circle cylinder is closely related to Reynolds number because the mode of
vortex shedding highly depends on Re. However, the scaled model test of circle cylinder’s VIV is
designed based on Froude number similarity but Reynolds number is not similar under the same
fluid for both model and prototype. Therefore, the VIV response of tested model is not similar to
that of the prototype because they have different vortex shedding modes. It means that the test
results can not be used to predict the VIV response of the prototype according to the scaling law
based on Froude number similarity. The prototype and three scaled models with different simi-
larity schemes have been simulated using CFD to validate the method and at the same time, expe-
riments are compared. The numerical results show that the similarity between prototype and
model is satisfying by Reynolds number similarity, and it is in accordance with both Froude num-
ber and Reynolds number similarity. But the similarity between prototype and model is not satis-
fying by Froude number similarity. The experimental results show that the similarity of period of
the vortex shedding is satisfying by Reynolds number similarity but not satisfying by Froude
number similarity. As a result, Reynolds number similarity should be used in the scale model test
instead of Froude number similarity when studying the characteristics of VIV.
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Figure 1. Vortex shedding in different Reynolds number
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Figure 2. Strouhal number vs. Reynolds number
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Figure 3. Model of the fluid domain
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Figure 4. Mesh of the fluid domain
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Figure 5. Vortex shedding of different models (a) Prototype, (b) The model of Fr similarity, (c) The model of
both Re and Fr similarity, (d) The model of Re similarity
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Figure 6. Time history of Cp and C, (a) Prototype, (b) The model of Fr similarity, (c) The model of both Re and Fr simi-

larity, (d) The model of Re similarity
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Figure 8. Water channel
8. SEEIKHE

SRS S BT SER AP LA 2 T IR T I, AN R AT 2 BIE B R R AR
25V50UF,

SR 4 B SR I0 077 3, O A A LB A AT /R R RS ey,  JAT F  00  3e ] E AE A HLB
WE ERPOERTHNAS . A R LR T AR R R SEAG, A AR AR M R M AK B K IS 77, 2E T
Xt T TR AR ACLE JE AT HF 7

51 SCEERHE

XA R ELAR ) B AR LB AR R AT HE Sk e, BN EARRE M BN 0.1 m, BONIRA, B
MNEZRERERH 0.05 m, BN, BRAR I T SR80 KR RS R/ BRI, UBEXS 1:2 46 RUEL A1 i
ARG 2R HEAT SEARIIE -

H T i PR Bl A 2R S A i [R) I (  SE AR ABLAT T T AR DL, DRI 3036 A2 AR R A DA D A3 33
AL T A CAHAE U B AR R EAT 1 HE RSB, R[] R R AR se 0 4 SR AT LA Xt RO 5 18,
FEUN, AR RS TR I Bt X DG e db AT AR B, BIOGHAT 1 3 XS Esels, Horh i
MBS 2 41, R PEAUERL 1 41, PRILE 3.

5.2. SEIGLER

XTSRS AT PR AL B, T SEI6 T GRS SRAE AR D 1000 A %4, AR BT FEmS R BT T S b ik
PR KA T U RE IV /IVE G5 AR R IR0 5 KIS (o AR, DR ot e 49080 P kB 20 2D IO, X
PS5 AR HEAT DO 7 AR e, SXREAC BT DAAEAS AT LU JE R 50 A 2% UL _E I T8 . Fn Al gt AT
8192 AN s PG SZ I A DA RS B o ¢ 4 2t T 3 ALNT LU S0 B i ) 300 DA R A PR 2R

XS 4 BSERR AR MR LUE Y, A 5 SRR AL 2R 00 2 R A AR, R R R £
T J 3934 R A2 FAH L R 4 RULE A1) 14, T 5 155 i 2R Ry AR AL S 2 00305 2 1 SR ALAIRS , R 5 i AR
it AR )b O 1:1.22, AN R LA B4 R EL ) 1:1.414. [RII, A0 2 S v AU, Seae it ST
TFHIFLIG /R S a5 AL (M fRfs— B A0 1 F, WidEma/_ % S 3408 0.25, 415 2, Wit
IREL S #4979 0.31. AL AL A CEARAIN ,  JraEma /R A ScRTE A — 2, 415 3, AT /R S
0.25, 4 OB H SIS /R 0 S, 9 0.22. Wl WLSIZHG T 15 45 R th 3% WY T VA A ADURE R B T8 s ok J 2 3o AR AT
TP AEAR R AN AT DL, 3 5 HUE A A R — B



A A s R B A RSB AR AR 2R T 7T

Table 3. Parameters of models
3% 3. LINRREISH

B binhed T IEHL
2H 1 (R T AEARL)
JR A 01m 0.35m/s 35,000
it 0.05m 0.70m /s 35,000
2H 5 205 W ARARL)
JR A 01lm 0.23m/s 23,000
it 0.05m 0.46 m/s 23,000
2H 93] 3(fE T B AHA)
JR 7 01m 0.35m/s 35,000
et 0.05m 0.25 m/s 12,500
Table 4. Results of the experiment
i< 4. LR
JEIA s R E I 4, SERR AL A SZISFAE S,
2153 L AR
JR 7Y 1.15 0.25
1:4 1:3.95
A 0.291 0.25
2R 2(F WAL
JR T 1.39 0.31
1:4 1:3.97
st 0.35 0.31
2H 531 (L AEARBL)
JRA 1.15 0.25
1:1.414 1:1.22
[zt 0.926 0.22

6. &t

AL Ansys-CEX X AERHEAT 1 IR BRI, X 4 3T FIACUHE N A R 34T 1 7
AR, WERARL, T AMKEL, RN SIS BT IRE, AT LSRN 458

1) FiRECE AR IR SRR S H, PR B IR R, R E IR BT 70 2 ORI
VAR I INAE BN S S

2) I AERAE B AR BRI T, AE MR IRE, OUE IS AR 4 R S SR AR A
ENATRFE L FEAN AL R T AT A AE I o

3) H Al AL A R B O KRS S 6 B AR I I B AR EEAT , AR TR T A SR B AN A T35
TR AR R, 36 AR AR I IR S A 2 24 RS A8 (K N PR AT — € SRR o 72 T SR B0 ) 4
R FT o, BAINGZR S B E WAL, AR IR EARL, X094 5 K Seae i et 344 1
RS HKIE

E&WE

E K BB 4 T B I H (51179179, 51079136, 51239008) .



WA A o R B i RS 36 R AR (BA 5% AR T

SE K (References)

(1]
(2]
(3]

(4]

(5]

(6]
(7]

(8]
(9]
[10]
[11]
[12]
[13]

A, e, EF, AL (2009) KAAH L BAE A IBHAT 1] 5 A 1 AR S AR S BT TE. A F, 39, 752-T59.
AL, PRAES (2010) WRZKGI AL LA s IR sl i S 18 2CH) € S8 TE. 747 L0 7T, 3, 202-206.

Atluri, S., Halkyard, J. and Sirnivas, S. (2006) CFD simulation of truss spar vortex-induced motion. The 25th Interna-
tional Conference on Offshore Mechanics and Arctic Engineering, Hamburg, 4-9 June 2006.

Roddier, D., Finnigan, T. and Liapis, S. (2009) Influence of the reynolds number on spar vortex induced motions
(VIM): Multiple scale model test comparisons. Proceedings of the ASME 28th International Conference on Ocean,
Offshore and Arctic Engineering, Honolulu, 31May-5June 2009.

Wang, Y., Yang, J.M. and Lv, H.N. (2009) Computational fluid dynamics and experimental study of lock-in pheno-
menon in vortex-induced motions of a cell-truss spar. Journal of Shanghai Jiaotong University (Science), 14, 757-762.

ER, M, #fRAR (2008) Spar -G ieigis s R ERT S ERE. [T 7, 3, 1-10.

KRG MR, B, BOLE (2011) BISJHTHIRIK R Truss Spar ~F S IWBUE SR L. AE L, 4,
14-20.

Wk, B, ERVE (2008) T SURIEMIRSERIAN CFD 5387, =1 — k£ [EKz) 751 £, FtF, 2008.
MEHEEE (1991) HEE TARRBIR /1% REEREHRAE, R, 66.

Sumer, B.M. and Fredsoe, J. (1997) Hydrodynamics around cylindrical structures. World Scientific Press, 10.

FWFE, xR, ZEF (2001) FASRRK = EEBUEIL.  LAEA 7R, 10, 1464-1469.

EB, HEW, ZRK, BT (2010) BSOS s L. @ E P £, 1, 8-15.

AR, SEYET (2012) 4HICSLE PR E LR ARV BUERT L. #6575 717, 31, 65-69.



	Study on the Similarity Relation of Model Test of Vortex-Induced Vibration on Circular Cylinders
	Abstract
	Keywords
	圆柱体涡激振动缩尺实验的相似关系研究
	摘  要
	关键词
	1. 引言
	2. 准则与模型
	2.1. 相似准则
	2.2. 数值模型

	3. 数值模拟方法
	3.1. 理论基础
	3.2. 建模及网格划分

	4. 结果及分析
	4.1. 涡旋脱落特征
	4.2. 不用模型的流体作用力
	4.3. 不同模型的流体作用力比较

	5. 模型实验
	5.1. 实验安排
	5.2. 实验结果

	6. 结论
	基金项目
	参考文献 (References)

