
4.結言

本論文では、BBDB のような浮体式の振動水柱型波力発電装
置の発電性能を評価するために必要となる、波浪作用下にある浮
体の運動、空気室内の空気圧力の変動及びそれによる空気室内水
面の空間分布、空気タービンや係留系の特性を同時に考慮できる
時系列計算法の開発を目的に、その開発の 1stステップとして、
まず、浮体の動揺によるメモリー影響だけでなく、従来示されて
いなかった空気室内の空気圧力変動によるメモリー影響を考慮し
た浮体の時系列運動計算式を導いた。次に、BBDB を対象に、
ポテンシャル理論に基づいた３次元境界要素法を用いて、この計
算法のベースになる周波数領域での波強制力、浮体運動及び空気
室の空気圧力変動に伴うラディエーション流体力を求めた。ま
た、同時に、BBDBに関する波強制力と、BBDBを Heaveと
Pitch方向に強制動揺させた場合のラディエーション流体力に関
する実験を行い、境界要素法による計算結果と比較した。その結
果、空気室内水面の同調周期近傍を除いた周波数領域では、計算
値と実験値は概略一致した。
今後は、空気室内水面の同調周期近傍での計算値にダンピング
を考慮する方法を取り入れ、浮体の運動、空気室内の空気圧力の
変動、空気タービンや係留系の特性を同時に考慮できる時系列計
算を行っていく予定である。
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Numerical Analysis of Cylindrical Structure VIV Response by Discrete Vertex Method  

 

by  Chang-Kyu Rheem 

 
 

Summary 

 

A quasi 3 dimensional VIV response analysis method which combined 2 dimensional hydrodynamic force simulation by discrete 

vortex method with 3 dimensional finite element method has been proposed. Use of discrete vortex method and its limitation have 

been shown. Usefulness and characteristics of the quasi-3D VIV response analysis method have been investigated. The most 

important thing of 3D VIV response analysis with a strip theory is hydrodynamic correlation length of a riser axis direction. If 

correlation between strips of the hydrodynamic force shows a result completely different from real phenomena, it is difficulty that a 

strip theory applies to 3D VIV response analysis. Generally, the phase of hydrodynamic force acting on each strip obtained by the 

method is random, because hydrodynamic force is simulated at each strip independently. Actually, the hydrodynamic coefficient of 

lift force on a fixed circular cylinder is different from the average of the hydrodynamic coefficients of lift force on each strip. 

However, the phase of hydrodynamic force on each strip align at the resonant frequency that the natural frequency of a circular 

cylinder becomes equal to the frequency of vortex separation. In a VIV response matter, a simulation of hydrodynamic force on a 

circular cylinder by a strip theory is valid under the resonance condition of a natural frequency and vortex separation. The quasi-3D 

VIV response analysis method enables 3D VIV analysis with a less computation load. It is clear that the quasi-3D VIV response 

analysis method is useful at only a resonance condition, but it is enough in engineering, because the biggest VIV response takes 

place at a resonance condition. 
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Fig.1 Induced velocity by vortex sheet on surface element 

and free vortex element 
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Fig.2 Time history of hydrodynamic force on 2D circular cylinder 

 

 

Fig.3 Hydrodynamic coefficient and Strouhal number of 2D 

circular cylinder with flow velocity 

251



　日本船舶海洋工学会論文集　第 8 号　 2008 年 12 月　 

Cd =

2

1 tDU
3

2

Fx

              (13) 

Cl =
2

1 tDU
3

2

Fy

               (14) 

2 1.55

RMS 0.79

0.2

0.1m/sec 1.5m/sec

Fig.3

Fig.4

VIV

 

Fig.5

 

 

Fig.4 Effect of surface element number on hydrodynamic 

coefficient and Strouhal number of 2D circular cylinder 

with 1 m/sec of flow velocity 

 

Fig.5 Effect of free vortex element generation height 
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Fig.6 Effect of vortex strength dissipation rate
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Fig.9 Conceptual diagram of circular cylinder VIV response 

simulation 

 

Fig.9

VIV

10

3

12)
L m D 1m

L/D = 1 2.7 5cm

L/D = 20

5cm 3mm 3

U flow 1m/sec

U r= U flow /Fn D 5 -

253



　日本船舶海洋工学会論文集　第 8 号　 2008 年 12 月　 

1.0

1

- 3050 7.6

6.0  

 

(a) Diameter 1 m, Mass Ratio 2.7, Ur 6 

 

(b) Diameter 5 cm, Mass Ratio 2.7, Ur 6 

 

(c) Diameter 5 cm, Mass Ratio 1.26, Ur 8 

Fig.10 Time history of spring supported circular cylinder 

cross flow (CF) motions 
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Fig.12 Phase difference of total lift force and each element 

 

(a) RMS of CF displacement 

 

(b) Oscillation frequency of lift force and CF displacement 
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Fig.13 Characteristics of circular cylinder VIV response 
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(a) Oscillation frequency of CF displacement 

 

(b) Amplitude of CF displacement 

Fig.15 VIV response of 3D flexible structure 
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