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ABSTRACT 

Since the industrial revolution, the demand for energy in all countries in the world has 

increased rapidly. The floating offshore platform has been invented and developed rapidly 

this year. As a kind of floating offshore platform, the semi-submersible platform is 

equipped with multi-point mooring positioning system, which has strong adaptability and 

stability for severe sea conditions. It can adapt to the work in deep-sea waters. However, 

When fluid flows through a single column structure, alternating vortex shedding of the 

columns will occur due to the existence of fluid viscosity and adverse pressure gradient. in 

the definite velocity range, the phenomenon of "resonance" will also occur, which will lead 

to the motion amplitude of the platform exceeding the design value, resulting in the fatigue 

damage of the platform structure. Many scholars have studied this phenomenon and 

designed a variety of devices for suppressing vortex-induced motion, including the helical 

strakes as a passive control device. However, at present, the research on helical strakes is 

mostly focused on flexible riser structure and single-column structure such as Spar 

platform, while the research on installing helical strakes on multi-column structure such as 

semi-submersible platform is rare. Therefore, it is of great significance to study the vortex-

induced motion (VIM ) characteristics of semi-submersible platform with helical strakes. 

In this paper, vim-FOAM-SJTU, a CFD solver for vortex-induced motion of ocean 

platform is used to simulate vortex-induced motion of semi-submersible platform with 

helical strakes in incompressible flow field by using SST-DDES method. The solver is 

based on the open source platform of OpenFOAM, which is suitable for solving three-

dimensional flow problems at high Reynolds number. The mooring system module is 

equipped to simulate the mooring state of marine structures and obtain mooring force 

information. Finally, it cooperates with the 6 DOF module to solve VIM  problems. 

Firstly, the grid convergence of the fixed semi-submersible platform is verified to 

ensure the accuracy and reliability of the numerical simulation, and a certain velocity range 

is selected to numerically simulate the flow around the fixed semi-submersible platform 

with helical strakes. By combining the calculation results of the fluid force coefficient with 

the analysis of the flow field, it is considered that the helical strakes change the wake 
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shedding mode of the columns of the fixed semi-submersible platform, and the lift 

coefficient of each column of the fixed semi-submersible platform can be reduced to a 

certain extent at higher velocity, but the drag coefficient of the fixed semi-submersible 

platform is slightly increased. 

Secondary, three degree of freedom motion of the platform with helical strakes is 

released, and the motion response characteristics of the platform in the direction of surgĕ

sway and yaw are studied. It is found that the helical strakes weaken the influence of the 

increase of flow velocity on the drag force of all parts of the platform at 45 £curren 

heading. Moreover, in all current velocity cases, the helical strakes reduce the fluctuating 

lift coefficient of the whole semi-submersible platform immensely. 

Finally, by establishing a semi-submersible platform model with different heights of 

helical strakes, this paper further studies the influence of helical strakes parameters on the 

VIM  suppression effect of the semi-submersible platform. The conclusions are as follows: 

adding helical strakes with different heights can reduce the velocity range covered by the 

"locking" range of the semi-submersible platform. Secondly, compared with the platform 

with the height 0.13sH B and 0.20sH B  of the helical strakes, the amplitude of VIM  

of the platform when the platform approaches the natural frequency can be significantly 

suppressed. However, the change of the height of the helical strakes has no obvious 

influence on the motion response of the semi-submersible platform in the surge and yaw 

directions. 

Key words: Vortex-Induced Motion, semi-submersible platform, helical strakes, vim-

FOAM-SJTU 
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Fig.1-1 Offshore drilling platform 
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Fig.1-2 Passive control methods[9] 
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Ȃῒ ԍ ̆ᶏ ꜚ№ ׆ ҹ

ᶷ [16]Ȃ ᶷ ₃ᵥ ̕ ᶷ

↕ҍᶷ ῏̕ Һ ῀ ң Ȃ ӊ ̆

[17]ȁ ᶷ ⱬ ᴪ ῒ └ ֟ Ȃᵖ ῒҬ Һ

ᶷ Ȃ 

Ҋ 1-3 ҹⱴ ᶷ ҈ Ȃ 

 

 


4 1-3 Lz�Ö=ð���Ý�µ 
Â�¬��5	�º(Ÿ,º Spar�©
&B�PÂ W
Á[18] 

Fig.1-3 Spar platform test model with additional helical strakes [18] 

 

̂3̃ ̔ №ҹ ̂Fringe Fairing̃ ̆ ̂Hair 

Fairing̃ ̂Ribbon Fairing̃ [5]Ȃ ΐ ̆

ᶛ Ҙ ̆ ҉̆ғ
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№ Ȃ ᴋᵥ ץ ѿ

̆ ҉ ̆ ץ ⁞ ⱬ̆⁞ ̆

⁞ ⱬ Ꞌ Ȃ ҹ ̆

Ҋ 1-4 ̆ғ ңҩ ҍ ℗̆ῒҺ ⁞

ԅ ꜚ Ȃῒ ꜚ └ ҍ ῏̆ ̆ └

Ȃ 

 

 


4 1-4 �ª#w5Ÿ 

Fig.1-4 Fairing 

 

̂4̃ ̕ ҹ [19, 20]̆

⁞ ᵌ̆ ̆ № ̆ᶏ ̆ᶏ

Ҋ ׆̆ № ̆ Ȃ 

ȁ№ ץ ᵣ ꜚ Һ

[20]Ȃ ̆ ῒז ̆ ≠ԍ └

ꜚȂ 

̂5̃ ꜚ̕ ꜚ ᶏ Һꜚ ץꜚ └ ꜚ̆ᵖ

ᴇ ̆ Ȃ 

ѿ ̆ Ҭ̆ ᶏ ҉ⱴ ̆

̆ᶏ ꜚ ̆ ֟ ׆̆

ᾧ ꜚҬ ľ῍ Ŀ Ȃ 



҉ ֜ ᵝ                                                                                                           ѿ   

7 

 

Һꜚ └ ꜚ └ ΐ № ̆ᵬҹ Ӟ

ԅֲפ ̆ᵖ ⌠ Ҭ̆ ҹῒ

̆ ғ ῒ ԍ ΐ

ץ̆ ҹᶛ̆ ҉ ̆ └ ѿ

ᵬ̆ Ӟ ̆ ҉ Ȃ ̆

ꜚ └ Ҍ ῀ ֽ̆ ѿ֓Һ ᴆ̆

ԅֲⱬ ̆ ԅ ҹ Ȃ 

 

1.1.4 ӎ 

ꜚ ̆ Ҋ ῀ľ Ŀ ̆

ꜚ ṿ ⱴ̆ ṿ̆ ᴪ ѿ

̆ ҉ֲ ֟ ῃ̆ ᵬҙ Ȃ ꜚ └ ԍ

̆ ᴇ ᵞ̆ ҹ └ ꜚ Ȃ ̆ ꜚ └

Ҭ ҹ ҉̆

Ȃ ╠ֲ ̆ ᶷ ⱴ ṕ ̆

ѿ ᶷ ̆ ⱴ ᶷ ṿ ̆

№ ᶷ ꜚ ᵬ ̆ΐ

ӈȂ 

1.2 Ὺ  

1.2.1 ꜠  

Waals [21] Ҍ Ҍ ̆

̔ ̆ ⱬ ̆ ң

̆ ̔ ԍ ̆ ̆ῒ ⱬ

̆ ᵞ ↕ ṿȂ

̆ ֽҹῒ 50% ₃Ӎ Ҍ⌠ ꜚ ꜚ

Ȃ ̆ Ҋ̆ ꜚ֟ ᵄ ѿ ̆ῒ

ꜚ ֽ ꜚ ’Ҋ Ҍ ̆ғ ꜚ Ȃ 

Chen [22]ᶏ ԍ FANS CFD ѿҩ
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ῃ 1:70 ԅ Ȃ ΐ ҩ ̆ 45£

Ҋ ȁ ꜚ̆ ṕ ̆ ҈ ₃ᵥ ’

Ҋ ̆ ꜚ ṕ Ҍ

̆ ῤ̆ ꜚ

ῃ ᶛ  ῤȂץ15%

ҹ ꜚ ̆↔ [23]

҉̆ ̂LES̃ ṿ

̆ ԅң ꜚ Ȃ 

Gonçalves [24-27]№≢׆ ȁ ᴆȁ ̆ ̆ ȁ

Ҍ ↕ ↕ ῒ ꜚ ȂMagee [28]

ᴰ ԍ ̆ ꜚ ṿ Ȃ 

Kim [29] ȁ  ̆ᶏ ᴆ ANSYS-Fluent 

 AcuSolvĕ Ҍץ ̂URANS DDES̃ ԅ

⁞ ꜚ ṿ ױז̆ ҹҍ URANS ̆DDES ⱴ‰

̆ ῤ̆URANS ꜚ

ⱬ ̆ ԅ ꜚ Ҍ‰ Ȃ 

ᴯ  [30, 31]↕ ԍ OpenFOAM ̆ ԅ ԍ ꜚ vim-

FOAM-SJTU ̆ ȁ ⱴ ᶷ Spar

ꜚ ȁ ȁ ῇ ꜚ

Ȃ [32] ᴯ ᵬ ҉̆ᶏ Ҍ Ҋ

ꜚ ’ ̆ ̆

ꜚ ̆ғ ῤ Ȃ [33-35]↕῏ Ҍ

ṕ ̆№≢ SST-DES SST-DDES

ṿ ̆ ̆ ṕ ̆҉Ҋ ⱬ ṿ ⁞ ̆

ԍ ṕ ̆҉ ⁞ ̆ Ҋ Ӟ

̆ № ԅ ꜚ ֟ Ȃ 

[36] № ̆ Ҍ ȁҌ ṕ

ṿ Ȃ ̆45£ Ҋ ꜚ

0£ ’Ҋ ╠̆ ѿ ΐ ṕ ’̆

ΐ ṕ ̆ ꜚ ṕ ⱴ Ȃ 

Rijken [37] ԅѿ ῒ ꜚ ̆ғ
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ⱴ ⱴ Ȃ Ҭ Һ

ꜚ̆ ԅ ᴆҊ ᵬ ̆ ₮Ὲ ץ ꜚ

№ ̆ ץ ᵀ ꜚ Ꞌ Ȃ 

1.2.2 ┼ ꜠  

Gao [7] Re 26600= ’Ҋ̆ ⱴ ᶷ№ ̂L/D=0~2.0̃ ԅ

̆ ԅ Ἕ ̆ ѿ Ҭ ԅ 35ҩ

ⱬ ץ ⱬ№ Ȃ ̆ⱴ № ̆

ҹ 1.0 Ṑ ̆ ⱬ ⌠ ̆ῒҬ̆ ꜚ ⱬ ⱴ№

’ ᵞ 63.6%̆ ⱬ ↕ ᵞԅ 36.0%Ȃᵖ №

’Ҋ̆ ⱬ ᵞ Ҍ ̆ ̆ Ҭ № ̂L/D=1.0̃

Ҭ̆ ᵬҹ ꜚ№ └ ᶃ Ȃ 

Liang [13]ֲ Ҭ ₮ Ҍ № └ ꜚȂῒҬ̆

ᵣҹ↨ Ҭ ̆ № ↕ └ Ȃ

̆ ԍ№ / 1.1L D¢ ’̆ ꜚ ץ ⌠ └̆ №

ѿ ⱴ̆ᴪ Ҥ ̆ ԍ Ȃ 

JongYeonHwang [14] ᵣ №≢ᵝԍ ᶷ ᶷ

ңҩ№ ̆ ₮ԅ Ҋ ̔ ᶷ ᶷ№ ᵬ └ ⱬ

ᵬ Ȃѿ ̆ ᶷ№ ץ ᶷ ̆ ᶷ№

↕ ץ ⱴ ⱬᵬ ̆ң ̆ᶏ ᶷ ⱬ⁞ ̆ ᶷ ⱬ

̆ң ⁞ ңᶷ ᵞ ⱬȂ 

Chutkey [15] Re 51000= ’Ҋ ⱴ ᶷ№ ̆

Ἕ ῏ ’Ȃ ̆ ᶷ№ ԅ ᶷ

ꜚ ᴆ̆ ̆ ԍ№ ̆ Ҋ Ӟ֟ ԅ Ȃ 

Xu [38] ѿ NexGen ԅ׃ ̆ ԅ

Benchmark ץ ҍ Һ ᴰ ԅ Ȃ

NexGen ҉ΐ ᵣ ̂blisters̃̆ └ ꜚ

ԍ ᵣ ץ ҉ ̆ ᶫԅѿ

̆ᶏ ҉ ⱴ ҹҌ Ȃ ӊ ̆NexGen

ԅ ᵣ ץ̆ ⁞ ̆

↨ Ȃ ⁞ ꜚ ̆
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’Ҋ ᵞ 25%Ȃ 

 

 


4 1-5 NexGen	€%’�E�©
&B�PÂ W
Á 

Fig.1-5 NexGen Semi-submersible Model 

 

Wu [39] ꜚ └ Ҭ ⁞ ῒ

Ꞌ Ȃ ꜚ └ ҉ᶏ ṕ

֟ ̆ ◄℗ № ̆

֟ ԅ Ȃױז ᾢ ̆ҍ

̆ Ҋ̆ ֟ ꜚ ᵞ 90%̆ ꜚ

↕ ᵞԅ 1/3Ȃ ѿ ̆

ꜚ Ҍ ̆ғ⁞ ԅҌ

̆ ̆ Ҍ Ҋ̆ ᵬ ԍ ֟ ̆ ⱴԅ

ꜚ Ȃ 

Narendran [19]↕ ԅ ꜚ ̆
*m  ҹ 0.83̆

*h  ҹ 0.01̆ ׆ ꜚ ̆ⱬ ̆ ꜚ № ԅ

ⱴҺꜚ └ Ҋ Ȃ ԍ ̆№ҹ҈ ’: 

ѿ ֽֽ Ҭ ҉ ҩ ̆ ԋ ↕ Ҭ

14ҩ ̆ ҈ ↕ ҉ ѿ Ȃ

ᾟ ԅ◄℗ ԑᵬ ̆ ̆ Ἕ№ ѿ ̆

ԅ ңᶷ ◄℗ ӊ ԑᵬ Ȃ ̆ ῒז

̆ Ҭ № ≠ԍ └

ꜚ̆ ѿ ᵣ Cm ҹ 0.73 ȁ3 11.7 ’̆ ⌠ԅ ᵣ
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Cmҹ 0.73Ȃ 

 

 


4 1- 6 Geometry and mesh of a single twisted column 

Fig.1-6 	‹�o�£E¢1��'���‹ W
Á  

 

1.2.3 ᶽ ꜠  

[6]↕Һ ԅ Cell-Truss Spar ꜚ └ ̆ῒ ᾢ Spar

Ҍ ᶷ ’ ԅ ̆ ѿ ↕ Spar ᶷ

’ ṿ ̆ ᶷ №ҹ Ҋ̆Ҍ ̆Ҍ ȁ

̆ῒҬ №ҹ ῀ ̆ ᶷ

ԅ ̆ᶏ ᶷ֟ ԅ Ҍ ↕ Ȃ 

Holland [40] Star-CCM+ ᴆ ṿ Ȃ № ᶷ

ꜚ ̆ ̆ ᵞ ’Ҋ̆ ᶷ

ᵞ ҩ ⱬ̆ ғ ’Ҋ̆ⱴ ᶷ ץ

⁞ ̆ ѿ ̆ ᶷ Ӟ ⱴԅ ҩ ⱬȂ 

Halkyard [41] ҍ CFD ץ̆ ⁞ ᶷ Ȃ

Holmes[42]↕  CFD ᶷ Spar ̆

Ȃ Halkyard [41] ᵬ ҉̆Atluri [43]ᶏ CFD ̆ ԅ ᶷ

҉ ȁ  ᶛ ҹ 1:50 Spar ꜚ ̆

ѿ № ԅ ױז̆ ҹ̆ ꜚ ᶷ
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Һᵣ Ȃ 

 

 


4 1-7 �=#�Q��Ü,º�ƒ�Ä1��'�@,º=ð���Ý�µ [40] 

Fig.1-7 One of the four columns with helical strakes showing the height of the helical 

strakes[40] 

 

 


4 1-8 �\�?Lz�”(Ÿ,º Spar�©
&B�PÂ W
Á 

Fig.1-8 Model spar with external appendages[42] 

 

Thiagarajan [44] DES ₱ ̆ ѿ ҹ 0.741

̆ ѿ ⱴ ҹ 13% ᶷ ̆

Re 50,000~100,000ῤ ṿ Ȃ 

Oakley [45] CFD ̆ ◄℗ ᴆҊ̆
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ꜚȂ ̆ ῃ ҍ ṿ ȂῒҬ̆

ᵬ ԅ ҉ ᶷ ȁ ⅞№Ȃ

⌠ԅ ṿ Ҭ ⱬ ̆ ԅ ̆ ⱬ

῏ ṿ Ȃ ̆ ⱬ ԅ Ȃ 

[46] ԅ ץ̆ ῒ ꜚȂ ̆

ᶷ ̆ᶏ ꜚ ҌῬ Ꞌ St Ȃ ӊ

̆Ӟ⁞ ԅ ꜚҬ Ȃ 

Irani [47]↕ ԅ ᶷ ᵞ ꜚ ̆ ԅҺ

̂ ₃ᵥ ̆ ץ̃ Ȃ

̆ ԍ Spar ⱴ ᶷ ꜚ ̆Roddier [48]̆

Wang [49] [50]Ӟ ԅ ῏ Ȃ 

1.3 Ӏ Ὺ  

ԍ OpenFAOM̆ ԍ ꜚ ̆

№ ꜚ ᵣⱬ vim-FOAM-SJTŬ ΐ ѿ ṕ

̆ ῒṕ №ⱴ ҍ ᶷ ̆ Ҍ

Ҋ ҈ ṿ Ȃ ῤ Һ №ҹץҊ₃ҩ №Ȃ 

ѿ ׃ ԅ ̆ ῒ ῏ ꜚ ̆

ꜚ ѿ ҉ Ạԅ ̆ ׆ ҉ Ҍ

ꜚ └ ̆ ѿ ₮ ῤ ԍ ꜚ ꜚ

└ Ȃ  

ԋ ↕Һ ᵣ ̆ ̆ ꜚ ῏

̆ᵬҹ ꜚ № ̆ ѿ ꜚ ṿ

⌠ ῏ Ȃ 

҈ ᾢ ⅞№ ’ ׃ ̆ ԅ

ץ̆ Ȃῒ ̆ 45£

ҩҌ ̆ ׆̆ ᵣⱬ ῀ ̆ №

ᶷ ᵬ ̆ ѿ № Ҍץ̆ Ҋ

Ԑ ⱬ№ ᵬҹ℗῀ ̆№ ᶷ

̆ҍⱬ ԑҹ ᾟȂ 
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↕ ╠ ҉̆ ѿ ̆ ȁ

̆ ⱴ ᶷ ꜚ ṿ ̆ ׆

ꜚ ᵈ⌠ ᵣⱬ ̆ ῏ ̆ ̆ № ᶷ

̆ ᶷ ꜚ Ȃ 

ԓ ԅΐ Ҍ ᶷ ̆ ṿ

ꜚ ᶷ Ҍ ’̆ ҹ

ץ ꜚ └ Ȃ  

1.4 Ӏ  

̂1̃ ╠῏ԍ ꜚ Ҭ Ҍ ̆

ꜚ ̆ ῏ԍ ꜚ └Ӟ ԍ

₃ᵥ ̆ ⱴ ꜚ └ Ȃ

╠ֲ ̆ ΐ ѿ ṕ ṕ №ⱴ

ᶷ ̆ 45£ Ҋ ꜚ ̆ ῏ ꜚ

ᵣⱬ ’ № ̆ ԅ ᶷ ᵥ

ꜚ └Ȃ 

̂2̃ ᶷ Ҍ ᴪ ꜚ └ ֟ ̆

ᶷ ѿ ̆ ᶷ └ᵬ ῀ ̆

ꜚ └ ̆ ӊ ̆ № Ҍ

ӊ ̆ ץ ᶷ ᵬ Ȃ
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ԑ  ғ ẅ  

№ ꜚ ѿ ԍ ᵣⱬ ҍ

ꜚ ᾟ№ ̆ Ӟҹ ꜚ

ᶫ Ȃ Һ ᵣ ̆ ̆ ꜚ ῏

̆ᵬҹ ꜚ № ̆ ѿ

ꜚ ṿ ⌠ ῏ Ȃ 

2.1 ꜠  

2.1.1  

ҍ ῏̆ ԍ ᵬ ̆ Ҭ ᵣ ꜚ

̆ ᴋ ѿ ̆ ◄℗ ⱬt ҍ ᵣ ῏̆

 L.Prandtl ᵣ ̆ ⌠ ̆ ⱬҌ ѿ

ᵣ ӈҹ ױֲ̆ ῀ ѿ ץ ꜚ ̆ ᵣ

ⱬ ṿ̔ 

 0Re
U D

v
=  ̂1̃ 

ῒҬ̆ vҹ ᵣ ꜚ ̆ Ҭ ꜚ 6 21.01 10 /m s-³  ̆ 0U

ҹ ̆Dҹ ᵣ ̆ Ҭ̆ ṿҍ

ȁ ҉ ᶷ ῏̆ѿ

҉ Ȃ 

 

2.1.2  

ᵣҍ ᵣ ꜚ Ҋ̆ ԍ ᵣ ̆ ᵣ ᴪ

̆ғ ᵣ ȁ ᵝȁ ̆ ᵣ ȁ

῏Ȃ ԍ ᵣ Spar Һᵣ №̆ ңᶷ

ҹ 0 ̆ ҹ ꜚ№ № [51]Ȃ ԍ

ᵣ ̆ ꜚ № ѿ ᵝ Ȃ ԍ№ ̆ ̔ 
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0tu

n

µ
=

µ  ̂2̃ 

ῒҬ̆ n ᵣ № ̆ tu ף ᵝ ℗

Ȃ 

Ҭ̆ ᵣ ԍ̆ ԍ ԍ ̆Ҋ ₮

ԅ ԍ Ҭ⅞№ ₃ҩ Ȃ 

 


4 2- 1 5�#w	p���H�<  

Fig.2-1 Flow around area 

 

ῒҬ̆̂ ĩҹ⁞ ̆̂ iĩ ̆̂ iiĩҹ ᵣңᶷ ⱴ

◄℗ ̆̂ iṽ↕ № Ȃ 

Ҭ̆ ץ ̆ ̆ ᵣ

Һ ӊѿ ҹҌ Ҭѿ ↓ [52]Ȃ 

 


4 2-25�#w	p��,ºE¢�Ÿ  

Fig.2-2 Transition point in the flow around a cylinder 

 

҉ Ҭ̆BL ̆L ҹ ̆T ҹ ̆Tr ҹ ̆Sҹ№ Ȃ

̆ ̆ Ҋ₃ץҹ№ץ

’̆ã ̕b̃◄℗ ̕c̃ҍ d̃↕ ѿҹ Ȃ 
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2.1.2  

ῤ ꜚ№ ҹ ῤ ᵣ ᵣ ̆ Re 4 ~ 5= ̆

ꜚ № ̆◄℗ ѿ ֜ ̆ғ ᵣ

ᵣ ѿҩҩ ̆֟ Ȃ Re ԍ

40 ̆ ֜ ̆ ̆ ׅ ԍ ̆

̆ ῀ TrW Ȃ 

№ҹңҩ ̆200 Re 300< < ̆ Ҭ ₮

ѿ ҈ ̆ғ ̆ 300 Re 400< < ̆

ԍ֒ҳ ̆ ῃ Ҭ Ȃ

̆ ꜚ ῀◄℗ TrSL̆ ᾢ̆ ◄℗

̆ ֜ ̆ ңᶷ ◄℗ ҹ ̆ ғ

ᶷ ̆ ѿ 5400 Re 3 10< < ³ѿ ⌠ ῀ ҳ

╠̆ ̆ ׅ ԍ Ȃ ѿ ̆ Ӟ Ȃ 

5Re 3 10> ³ ̆ ῀ TrBL ̆ 5 53 10 Re 3.5 10³ < < ³

ӊҹҳ ̆ ̆ᵖ ֽ ѿᶷ̆

ѿᶷҹ ̆ ѿᶷҹ ̆ ҹ ѿᶷ ҹ

̆№ ꜚ̆ ֜

̆ ѿ ԅ ⱴ ȁ ⱴ ⱬ

ѿ Ȃ 5 63 10 Re 1.5 10³ < < ³̆ ңᶷ№ ԍ ̆

⌠ Re
61.5 10³ ̆ ѿᶷ ῃ ̆ ѿᶷ

ׅ ̆ ꜚ Ҍ ԅ

̆ ӊ ԑᵬ ⁞ ̆ Ӱ Ȃ 

ҳ  ̂ 6Re 3.5 10> ³ ̃̆ ҹ ңᶷ ῃ ҹ

̆ ̆ΐ Ȃ 

̆ ̆ ̆ ᵣ ̆

ᴪ Ҭ ѿ Ȃ 
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4 2-3 �•%�
<�'
D#w�‰,º#w�Þ(ì�7 [53] 

Fig.2-3 Regimes of fluid flow behind a smooth tube 

 

2.1.3 ꜠  

ꜚ Ҍ ԅ ̆ ᵣңᶷҌ

֟ ̆ңᶷ ꜚ Ҍ ԅңᶷ ᵣ ̆

ⱬ Ӟ ѿ ̆ ᵬҹѿҩ ̆

ԍ ⱬ ᵬ ̆ῒᴪ ᵝ ̆
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ᶷ̆ ᶏ ᶷ ѿҩ ᵞ ̆ ̆֟ ԅ

ѿҩ ⱬ̆ ̆ῒ Ӟᴪ֟ ᵝ Ȃ ԍ

ᵝ ңᶷ֜ ̆ ̆ ꜚ

ꜚ ңṐȂ 

2.2 ꜠ ῗ  

ԍ ꜚҬ ꜚ ̆ ṿ № Ҭ̆

⌠ ᵣⱬ ȁ ꜚҬ ῏ ̆

ȂץҊ ׃ Ȃ  

ᵣⱬ ̆ ҉ Re ̆ ̔ 

̂1̃ Ꞌ St 

 

 


4 1-9 �å(¯�é
þ�J�¦ StLÅM-B0�¦Re,º
�	L?ú�Á [54] 

Fig.1-9 Variation of Strouhal number St with Reynolds number Re[54] 

 

Ꞌ St ꜚ ᵌ‰↕ ̆ ᵣẠ ꜚ

ⱬ̆St ңҩ ᵌ̆ ץ ῏ ꜚ

St ‗ ̆ אל ꜚ̆ ⱬ ̆ῒ ӈҹ ⱬ ᵝ

ⱬ ṿȂ 
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 sf D
St

U
 ̂3̃ 

ῒҬ̆ sf ҹ Ȃ  

ꜚ ԍ ̆ 40 Re 150 ̆ ΐ ↕ ꜚ

St̕ 150 Re 300 ̆ Ҭ ꜚ Ҍ ↕̆

St Ҍ ̆ Re 300 ̆St↕Ḡ ҹѿҩ [54]Ȃ 

ꜚ ԍ◄℗ ̆ ҹᵞ№ץ ̆ᵞ

̆ ◄℗ ̆ Ҋ ꜚ Ҭ ⱴ̆ St

Ȃ Ҋ̆ ↕ Ҋ ꜚ Ҭ

⁞̆St ⱴ₃ӍḠ Ҍ Ȃ 

̂2̃ Ur   

 
n

U
Ur

f D
 ̂4̃ 

ῒҬ̆ nf ҹ Ҭ̆ ꜚ Ȃ 

ԍ ꜚ ῏ ̆↕ ̔ 

̂1̃ ṿ 

ꜚᵝ ̆ Һ ԅ ȁ

ꜚ ̆ҹḂԍ№ ̆ѿ ῒ ̆ ᶏ ṿ

ṿ Ȃץ ṿҹᶛ̔ 

 miny / 2 ( ( )) /
no al

A L Y t Ds=
 ̂5̃ 

 
max

max min
y

( ) ( )
/

2

Y t Y t
A L

D

-
=

 ̂6̃ 

ῒҬ̆ ( )Y t ף ᵝ ̆ ( ( ))Y ts ף ᵝ ‰ ̆
miny /

no al
A L  ҹ

ṿ̆
maxy /A L ҹ ṿȂ 

̂2̃ ᵝ  

ԍ ᵝ ̔ 
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X

D
 ̂7̃ 

ԍ ᵝ ̆↕ ̔ 
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Y
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̂3̃ ᵣⱬ  

ⱬ dC ҹ̔ 

 
2

0

1

2

d
d

w

F
C

U A

 ̂9̃ 

ῒҬ̆ dF ҹ ⱬ̆ wA ҹ ԍ Ȃ 

ⱬ lCҹ̔ 

 
2

0

1

2

l
l

w

F
C

U A

 ̂10̃ 

ῒҬ̆ lFҹ ⱬȂ  

ԍ ̆ ⌠ ꜚ ̆ ῏

̔ 

̂1̃ṕ  ҍṕ R   

Ҋ ̆ ҹ̆ ṕ ҹR ̆ῒ

D  ̆ ṕ ↕ҹṕ ṿȂ 

 


4 2-4 �H@�	€�º R /p�E
4  

Fig.2-4 Sketch of chamfer radius R   

 

̂2̃ m   
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ԍ ̆ῒ m ҹ Һᵣ m  ҍ ᵣᵣ

 ṿȂ 

  * =
M

m  ̂11̃ 

̆ ꜚ ̆ῒľ῍ Ŀ

Ӟ ╠Ȃ ӊ̆ ľ̆῍ Ŀ ̆ ľ Ŀ Ҋ

ꜚ ṿ ᵣⱬ Ȃ 

2.3 ẅ  

2.3.1  ⅎ  

ᵬҹѿ ң ̆◄℗ SST Menter[55, 56] ₮̆

Menter k e- ҍ k w- ̆ ‰ k w- ‰ k e- ӗץѿҩ

₱ ⱴ ⌠Ȃ 

₱ 1F ӈҹ̔ 

 
4

1 1tanh(arg )F =                                          ̂12̃  

  

 

2
1 * 2 * 2

4500
arg min max( , ),

k

kk

y y CD y

w

w

an

b w w

è ø
= é ù

ê ú  ̂13̃  

Ҭ̆ nҹ№ ̆ғ̔  

 

* 10

2

1
max( ,10 ), 2k k k

j j

k
CD CD CD

x x
w w w w

w
a

w

- µ µ
= = Ö

µ µ
  ̂14̃  

̆ ᴆ ̆ ᴇ

ԍ k w- ̆ k w- ᴆ̆ 1F ԍ 1̕

̆ ◄℗ ⱬ ̆ ┴ 1F ԍ 0̆ ҹ

‰ k e- Ȃ w ҹ̔   
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2 2

1

( )
* ( ) (1 )t

t k

j j j

S F CD
t x x x

w w

mww w
g b w n a n

è øµµ µ µ
+ = - + + + -é ù

µ µ µ µé ùê ú  ̂15̃  

Gritskevich [57] ⱴ ₱ ԅ ԍ SST̂ ◄℗ ⱬ ̃

DDEŜ № ̃ ̆ k Ҭ ḱ ̆ RANS

Ҭ
RANSl DDESl ף Ȃ 

RANSl DDESl ӈҹ̔  

 
*

, max(0, )RANS DDES RANS d RANS DES

k
l l l f l C

b w
= = - - D

  ̂16̃  

Ҭ̆ DESC ҹ DES ̆ 3 x y zD= D D Dҹ֒ Ȃ 

₱ df ҹ̔ 

 2

11 tanh ( ) dC

d d df C rè ø= - ê ú ̂17̃ 

ῒҬ̆
2 2 20.5( )

t
d

w

r
d S

n n

k

+
=

+W
̆ 0.41k= ҹ von Karman ̆

wd ҹ Ȃ 

̆ ꜚ k ҹ̔ 

                  
3/2( )

( )t
k t

j DES j j

kk k k
G

t x l x x

m
n an
è øµµ µ µ

+ = - + +é ù
µ µ µ µé ùê ú

 ̂18̃  

Ҭ̆
1min( , * )G G c kb w= ̆ 2

tG Sn= ̆Sҹ Ҍ ̆ғ̔ 

 
1

2 , ( )
2

ji
ij ij ij

j i

uu
S S S S

u u

µµ
= = +

µ µ
 ̂19̃ 

҉ *bȁgȁ waȁ 2wa ȁ 1dC ȁ 2dC ҹ Ȃ 

2.3.2  ῏ ꜠ 

ꜚҬ̆Һ ȁ ҈ҩ ꜚ ̆ ᶏ

vim-FOAM-SJTU Ҭ Έ ꜚ ңҩ ̔

ᵣ Ȃ ῀ ᵣ ȁ ȁ ⱬȁ ȁ

ꜚ ̆Έ ꜚ ⱬ ⱬ ( e
F , e

M )̔ 

Ҋ̔ 
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 d
f

mge eF F   ̂20̃ 

 d e

f

mge cg cgM r F r   ̂21̃ 

ᵣ Ҋ ⱬ ⱬ ( sF , sM ) ⌠Ȃ 

⌠ⱬ ⱬ ̆ ѿ ⱬ ⌠Ҋѿҩ ꜚ

ⱴ ( , , , , ,u v w p q r ) ( , , , , ,u v w p q r)Ȃ 

⁞Ҭ ѿҩ∆ ̆ ҹ 0 ̆Έ ꜚ

ᵝ ̆ ꜚ ̆↕

ꜚ ⌠ ҊȂ ᵝ ̆ ₮ ꜚḤ Ȃ  

2.3.2  ꜠  

ᶏ ̆ ⌠

ⱬḤ ̆ ᵣ ⌠ ᵣⱬḤ ̆ ꜚ↕ OpenFOAM Ҭ ꜚ

Ȃ 

ԍ ̆ ᵣ ↨ ̆ ᵬ Ҋ

ꜚ, ᵣ ꜚ,  VIM ꜚ Ҭ₮ ꜚ

̆ ̆ Ḥ Ȃ Ҍֽ ץ ӊ

῏ ̆ ᾝ ץ ᵈ [16]Ȃ ᴯ [31] ԅ

OpenFOAM pimpleDyMFoam̆ ≠ ꜚ ̆ ⱴ

ԍ ᶷ Truss Spar ‰ ԅ ṿ , ҍ ⱴץ ׆,

ԅ ṿ ꜚ ΐ ԅ Ȃ 

2.3.4   

ᵣ ̆ ԋ ̆

ᶏ ԋ (LUST) ̆

Ȃ ⱬҍ ̆↕  PIMPLE ̂PISO SIMPLE 

Ȃ̃PISO ҹ̔ᾢ ᵀѿ ̆Ῥ ң ̆ ᶏ  

PIMPLE ̆ ԍ  PISO ̆ ≢ ԍ ѿ ῤ ̆

ῒ ѿҩ ̆ҹҊѿ ∆ ṿ̆Ῥ ҉  Ȃף
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2.4  

Һ ׃ ԅ ꜚ ȁ ᵣⱬ

ṿ Ȃ ꜚ Ҭ ԅ № ̆

↓ҽԅ ꜚ Ҭ Ȃ ᵣⱬ Ҭ̆ PIMPLE 

ꜚ ⱬ ̕ └ ̆

ΐ ԋ № ̆ ΐ ԋ

Ȃ ṿ ̆ ⌠ ꜚ̆

№ ̆ ꜚ ꜚ Ȃ 
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Ҏ  ꜘ ᶽ ẅ  

ԍ ̆ ꜚ ֟ ̆ᴪ ₮ ҈

̆ғץ ̆ ֟ Ҍֽ ⌠ ̆

ȁ₃ᵥ ̆ᴪ ֟

̆ ѿ ̆ ԍ ̆ Ҍ Ҋ̆

ӊ Ӟᴪԑ ̆҉ Ҋ ҹ

ң Ȃ ̆ᵬҹ ꜚ ѿ

̆ҹ ױ ꜚ ῏ ᶫԅѿ ̆ ꜛԍ ѿ

ᶷ ꜚ └ Ȃ  

3.1 ẅ  

3.1.1   

Waal[21] ֲҹ ꜚ ̆ Ҍ

ԅ ȂῒҬ 3-1 Ȃ 

 

 


4 3-1 B�PÂ W
Á 

Fig.3-1 Test model 

 

҈ҩ ᵞ ⱬ ץ Ҍ ⱬ̆ᶏ

ץ Ҋ҈ҩ ̂ ̆ ̃ ꜚ ̆ ̆
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҈ҩ ҉ ⱬ ԍҳ 1%Ȃ ҍ

̂Semi Submersible ̂ 4 pontoons̃̃̆ ̂Deep 

Draft Semi Submersiblẽȁң ̂Semi Submersible ̂ 2 pontoons̃̃

ⱬ ̂Deep Draft TLP̃̆ ԅҌ ̂0£ 45£ Ȃ̃ 

Waal[21] ֲ ҉̆Chen[22] ֲ 45£ Ҋ̆

̆ ῃ 1:70 ᶛ Ҋ ṿ ̆ ’

Ur ҹ 4~20̆ ѿ ԅ҈ ₃ᵥ ̆ ₃ᵥ

ꜚ Ȃ Holland[40]↕ ῃ ̆

ҩṕ №ⱴ ᶷ ̆ Atluri [43] ֲ ᶷ

ҹ 13% Ȃ ᶷ ṕ № ԍ̆ṕ №

֟ ᵝ ̆ғҍ ῏Ȃ 

 

>ž 3-1 	€%’�E�©
&5	�º	ø�¦  

Table 3-1 Structural parameters of the Semi-submersible 

 [21] [22] 

D 53000 t 0.158 t 

d  35 m 0.5 m 

L  70 m 1 m 

Ҭ S 56 m 0.8 m 

 B  14 m 0.2 m 

H  24.5 m 0.35 m 

ponH  10.5 m 0.15 m 

ṕ R  ĺĺ 0.03 m 

l 1:1 1:70 

 

Holland ֲ ԍ Waal ⱴ ᶷ

̆ ҹ 45£̆ῒ ῏ 3-1 Ȃ 
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4 3-2 	€%’�E�©
& W
Á�q?·	ø�¦  

Fig.3-2 The parameters of semi-submersible platform 

 

҈ ᴆ CATIA ̆ ̆ҹԅ

Ҭ̆ Ҍ ⱬ ’ № ̆ ₮ ѿ

̆ ᴆ̆ ̆ ѿ ȁ ᶷ №≢ Ȃ

ῒҬ̆ ᶷ № ҹԅῬ ⅞№ ᶷ

Ҍ ⱴ ץ Ȃ ᶷ 3-3 Ȃ 

 


4 3-3 A×1Í W
Á 

Fig. 3-3 Computational model 
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3.1.2 ↔ⅎ 

└ ̆ ᾝ№◓ Ȃ ᾢ

OpenFOAM blockMesh ∆ Έ ᵣ ̆ ҉

ῇ№ № ̆ⱴ Ҭ ῏ ץ ꜚ▲ ̆

̆ ᶷ ҉֟ ꜚ№ №

Ȃ 

 

 

4 3- 4 (ŸM˜5‡�r  

Fig.3-4 Grids on the hull surface 

ҹ⁞ ҉ ᶏ ꜚᾟ№ ̆ ҈

̆ ̂ x ̃̆ ̂ y ̃ ̂ z ̃ ⅞

№ҹ̔ -15BŮxŮ40B, -15BŮyŮ15B, -9BŮzŮ0̆̂ B ҹ ̃̆

₃ᵥҬ ᵝԍ Ҭ Ȃ 

ԍ └ ̆ 5 ⱴ Ȃ ̆

ҹԅ ‰ ᶷ ̆ ṕ ᶷ 7 ⱴ ̆

ῇ ̆ᶏ ѿ ҹ 0.0008m̆

⌠Ҍ ’̆ ѿ y+ҹ 2 Ȃ 

ᴆ Ҋ̔X ҹ҉ ῀ ̆ ῒ

ᴆҹ ̆ғ ⱬ ҹ ̕ X ̆ҹҊ ꜚ₮ ̆

ῒ ᴆҹ ҹ ̆ ⱬ ᴆ↕ ⱬҹ Ȃ

҉Ҋ ̂ 0Z= ̆ 9Z B=- ̃̆ ҹ ᴆ̆╠ ̂ 15Y B= ̆

15Y B=- ̃ Һᵣ ̆ ҹ ᴆ̆ғ Һ
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ᵣ ῒ ⱬ ҹ Ȃ t  �J�Q�P�7�5�L�=�H�@�E�J�C�9�=�H�H�(�Q�J�?�P�E�K�J 

₱ ȂῒҬ̆ ⱴ ᶷ ҹ 64.1 10³ ̆ ԍ ⱴ

ᶷ ᶷ ’̆ ԍ ᶷ ⱴ ̆ ԅ ̆ᵖҌ

’Ҋ̆ └ ѿҩ ̆ ᶷ ⱴ ӞḠ ѿ Ȃ

ⱴ ᶷ └ Ҋ 3-2 Ȃ 

 

>ž 3-2 A×1Í��5‡�r	ø�¦Aô5¤  

Table 3-2 Computational domain 

 ṿ 

�:  55B 

�;  30B 

�<  9B 

 64.8 10³   

Һᵣ  5 ⱴ  

ᶷ  7 ⱴ  

 

3.1.3 ‟ 

ҹ Ҍ Ҋ̆ ⱴ ᶷ ̆

└ҹ ̆ Ҍ ̆ ԍ ’Ҋ

0.5m/s̆ 0.75m/s̆  1.0m/s 1.25m/s ̆ ҹ 45£̆ ⱴ ᶷ

ⱴ ᶷ ṿ Ȃ ’῍ῇ ̆ΐᵣ Ҋ

3-3 Ȃ 

ԍ ̆ҹ Ḃ№ ̆ ץ ῒ ҹ

col1̆col2̆col3̆col4ȂῒҬ̆col1 ҍ col3 ҹңᶷ ̆col4 ҹ҉ ᶷ ̆

col2 ҹҊ ᶷ Ȃ ѿ ̆ ⱴ ᶷ ’Ҋ̆ῒ

colD ҹ 0.257m̆ ⱴ ҹ 13% ᶷ ’Ҋ̆ῒ

colD  ҹ 0.309m̆ № ̆ ⱴ ᶷ ’Ҋ

ponD ҹ 1.39m̆ ⱴ ᶷ ’Ҋ ponD ҹ 1.44mȂ 
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>ž 3-3 A×1Í���ë  

Table 3-3 Test cases of flow past platform  

Ҋ

̂m/s̃  

Ҋ

̂m/s̃  

0.0598 0.50 

0.0896 0.75 

0.1195 1.00 

0.1494 1.25 

 

 


4 3-51��'�95¤�˜�E  

Fig.3-5 Column layout 

 

3.1.4  

└ ̆ҹԅḠ ṿ ̆

⌠ ̆ 45£ ̆ 0=0.0891m/sU ̆ғ ⱴ ᶷ

’ ̆ Ҋ 3-4 ̆Ҍ Һ ≢ ԍ

ⱴ Ҍ ̆ ↕ oC ̆ ҹ

ҹ 0.005s Ȃ 

oC  Ὲ Ҋ̔ 
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 o=
t

C
x

Ud

d
 ̂22̃  

ῒҬ̆ tdҹ ̆ U ҹ ҩ ᾝῤ ̆ xd ҹ

Ȃᵖ ԍ Ҭ ᵣ ῤ Ҍ ̆ҹԅḠ ̆ѿ

oC Ȃ 

Ҋ 3-4 ҹ ’̆ῒҬ̆ Ҭ

ⱴ ҹ 4̆ ⱴ ҹ 6̆ ⌠ⱴ Ҍ ᴪ

ⱴ̆ ̆Ҍ Ҍѿ Ȃ 

 

>ž 3-4 �l�‘�]PÂA÷���ë  

Table 3-4 Convergence verification conditions 

’   ⱴ  

1 62.9 10³   0.005 4 

2 64.1 10³   0.005 5 

3 65.9 10³   0.005 6 

 

҉ץ ’ ṿ ̆ ⌠ 3-5̆ ’Ҋ

№ ⱬ ̆ῒҬⱬ ⱬ ꜚ ⱬ Ȃ 

 

>ž 3-5 �l�‘�]PÂA÷5	�Ò  

Table 3-5 The results of convergence verification 

a) �,
} Lq�Ñ31�¦  

a) Mean drag coefficient 

 1 2 3 

total 1.2905 1.2629 1.2592 

pontoon 1.4492 1.4136 1.3987 

Col1 0.9334 1.0078 1.0101 

Col2 0.5806 0.5404 0.5203 

Col4 0.9729 0.9039 0.8647 
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b) 7?�Þ	}�Ñ31�¦  

b) RMS of lift coefficient 

 1 2 3 

total 0.0304 0.0419 0.0395 

pontoon 0.0642 0.0620 0.0621 

Col1 0.0959 0.1142 0.1210 

Col2 0.3056 0.2816 0.2699 

Col4 0.0600 0.0532 0.0493 

 

3-6 ץ ₮Ҍ Ȃ ԍ ⱬ ̆

3-6 ץ ₮̔ 2ҍ 3 ⱴ ̆ҍ ̆ ԍ

ᵣ̆ ̆҉ col4 Ҋ col2 ⱴ̆ ⱴ

ⱴ ⁞Ȃѿᶷ col1 ⱬ ↕ ⱴ̆ ⱴ

ⱴ Ȃ 

 

  
a) �,
} Lq�Ñ31�¦  

a) Mean drag coefficient 

b) 7?�Þ	}�Ñ31�¦  

b) RMS of lift coefficient 


4 3-6 �l�‘�]PÂA÷  

Fig.3-6 The results of convergence verification 
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ԍ ꜚ ⱬ ̆ ѿᶷ col1 Ҋ col2Ҭ 1ȁ 2

3 ̆ ԍ ῒז ̆Ҍ ӊ

Ȃ 

҉̆ ṿ ̆ Ὶ ᾧ ̆

2 Ȃ 

 

3.2ꜘ ᶽ ⅎ  

3.2.1 Ⱶ  

3-7ҹҌ Ҋ ⱬ Ȃ 

 

  
a) 0U =0.0598m/s  b) 0U =0.0896 m/s 

  
c) 0U =0.1195 m/s d) 0U =0.1494 m/s 


4 3-7 �C
B#wFU�A	€%’�E�©
&,ºLq�Ñ31�¦�,	¼�(4õ  

Fig.3-7  Time series results of drag forces of fixed platform at 4 current velocities 
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100s ῤ ҹ ̆ ⱬ

̆ Ҋ̆ ⱴ ᶷ ң ’Ҋ ⱬ ̆ №

ᵣ ѿ № ⱬ ⱴ ᶷ ’Ȃ

3-7ҹҌ ’Ҋ̆ ᵬҹ ᵣ ⱬ ₮ Ȃ 

ᵬҹѿҩ ᵣ̂ ҩ ѿҩ ̃ ̆ῒ ⱬ

̆ 3-6 ץ ₮̆ ⱴ ᶷ ⱬ

1.26~1.27 ̆ ҍץ Ȃ ⱴ ᶷ ̆ ⱬ ↕

ⱴ ᵞ̆ῒ ᵣ ṿ ҹ 8%̆ ץ ҹ̆ ᵣ ⱬ

̆ᵖ ᶷ ’Ҋ ᵣ ⱬ ԍ ᶷ ’̆ ⱬ

ᶷ ’ 5% Ȃ 

 

>ž 3-6 �C
B#wFU�A	€%’�E�©
&,ºLq�Ñ31�¦ 5	�Ò  

Table 3-6 Statistical mean drag coefficient of fixed platform 

0U ̂m/s̃  0.0598 0.0896 0.1195 0.1494 

ⱬ

dC
  

ⱴ ᶷ  1.2609 1.2629 1.2662 1.2699 

ⱴ ᶷ  1.3477 1.3294 1.3200 1.3258 

 

  
a)�`Lz�Ö=ð���Ý�µ  

a) Without helical strakes 
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b)Lz�Ö=ð���Ý�µ  

b) With helical strakes 


4 3-8 0 0.0598m/sU = �,	€%’�E�©
&,ºLq�Ñ31�¦�,	¼�(4õ
�Lq�Ñ31�¦NÇBg  

Fig.3-8 Time series and frequency results of drag forces of columns at 0 0.0598m/sU =  

 

3-8 ₮ԅҌ Ҋ̆ ҉ ᶷ col4̆

ѿᶷ col1̆Ҋ ᶷ col2 ⱬ ̆ ị

⌠ ⱬ Ȃ 

0 0.0598U = m/s ̆ ҉ 3-8 ץ ⌠̆ ⱬ ⱴ

ᶷ ’Ҋ̆ ṿ҉ Ҍ ̆ғ ԍ ᵣ ⱬ ̆

ῤ ꜚ ҹ ̆ᵖ ⱴ ᶷ ’Ҋ̆ ⱬ Ҭ̆

ṿ ҹ Ȃ 

ԍ҉ ᶷ col4 ̆ῒ ⱬ ԍѿᶷ col1̆ғ ҩ

҉ ꜚ ̆ ԍ ̆ ҹῒ ⱬ Ҭ ṿҺ
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a)�`Lz�Ö=ð���Ý�µ  

a) Without helical strakes 

  
b)Lz�Ö=ð���Ý�µ  

b) With helical strakes 


4 3- 9 0 0.1195U = m/s�,	€%’�E�©
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Fig.3-9 Time series and frequency results of drag forces of columns at 0 0.1195U = m/s 
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ץ ̆ ᵞ ’ ᵌֽ̆ ѿᶷ col1 Ҭ ץ ⌠

ṿ̆№≢ Ҭ  0.05Hz 0.06Hz Ȃ 

Ҋ ᶷ ̆ῒ ⱬ ꜚ ᵞ ’ ⱴ▲ ғ ̆

ѿ ̆ ᶷ ’ ץ ̆ Ҋ ᶷ col2 Һ ̆

ᶷ ᶏ ῒז Һ ѿ Ȃ 
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Table 3-7 Statistical mean drag coefficient of columns and pontoon 

0U

̂m/s̃  
’ pontoon col1 col2 col4 

0.0598 
ⱴ ᶷ  1.4092 1.0000 0.5185 0.9230 

ⱴ ᶷ  1.3172 1.3502 0.9772 1.1830 

0.0896 
ⱴ ᶷ  1.4136 1.0078 0.5404 0.9039 

ⱴ ᶷ  1.2747 1.1307 0.7496 1.0120 

0.1195 
ⱴ ᶷ  1.3968 1.0018 0.4684 0.7439 

ⱴ ᶷ  1.2700 1.1289 0.7595 1.0055 

0.1494 
ⱴ ᶷ  1.4161 0.8535 0.4396 0.7865 

ⱴ ᶷ  1.2661 1.1247 0.7508 1.0156 

 

҉ 3-7 ҹҌ Ҋ̆ ⱴ ᶷ Ҍ

ⱬ Ȃ ᾢ̆ ᴋᵥ ’Ҋ̆ ⱬ ԍ ⱬ

̆ғ ⱬ ԍ ᵣ ⱬ ̕ғ Ҍ

ӊ ̆ѿᶷ col1 ⱬ Ҍ Ҋ ԍ҉ ᶷ col4 Ҋ

ᶷ col2Ȃ 

ῒ ̆ ԍ ⱴ ᶷ ̆ ⱬ

Ҍ ̆ Ҍ Ҋ 1.4 ̆ ԍ ҩ ̆ Ҋ̆

Ҭ 0 0.0598~0.0896m/sU = ῤ̆ ⱬ Ҍ ̆ Ҋ̆

0 0.1195~0.1494m/sU = ῤ̆ ⱬ ѿ ⁞ ȂῒҬ̆҉

ᶷ ⱬ ̆ Ҋ̆ 0.9 ̆

̆↕⁞ ⌠ 0.7 Ȃ 

̆ ⱴ ᶷ ₃ҩ ’ ץ ̆ ԍ №̆
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ҩ ⱬ ⱴ ⁞ ̆ᵖ⁞ ̆

҉ ᶷ ̆ 0 0.1494U = m/s ⱬ 0 0.0598U = m/s ’Ҋֽ

⁞ 15%Ȃ ⱴ ᶷ ⱬ Ҋ ԍ ⱴ

ᶷ ’̆ᵖ ’↕ ̆ ԍ ⱴ ᶷ ’Ȃ 

 

3.2.2 Ⱶ  

ⱬ ̆ ץ ⌠ 3-10 Ҍ ’Ҋ

ᵬҹѿҩ ᵣ ꜚ ⱬ ̆ ѿ ꜚ ⱬ

̆ ⌠ ⱬ ̆ 3-10Ҭ ₮ԅҌ ’Ҋ ⱬ

Ҭ Ҭ ṿȂ 

 

  
a) 0 0.0598m/sU =  

  
b)  0 0.0896m/sU =  
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c) 0 0.1195m/sU =  

  
d) 0 0.1494m/sU =  


4 3-10  �C
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Fig.3-10 Time series and frequency results of RMS lift coefficient of fixed platform at 4 current 

velocities 
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̆ғ ꜚ ⱬ ׆ 0.0415⁞ ⌠ 0.0409Ȃ 

Ҍ ’Ҋ ꜚ ⱬ └ 3-8 ̆

Ҍ Ҋ ꜚ ⱬ ץ ̆ ⱴ ᶷ

̆ 0 0.0896 ~ 0.1195m/sU =  ӊ ῒ ⱬ Ҋ ̂1.6%̃̆ ᵖ
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ᵣ ̆ῒ ꜚ ⱬ ⱴ ₮ ⁞ ̆ל ⱴ ᶷ

ꜚ ⱬ Ӟΐ ᵌ Ȃ ⌠ ᶷ

̆ ץ ̂ 0 0.0598m/sU = ̃ ̆ ⱴ ᶷ ̆

ⱬ ̆ ⱴ̆  0 0.0896m/sU = ̆ң ⱬ

̆ ⌠ 0 0.1195 ~ 0.1494m/sU = ̆ ⱴ ᶷ ꜚ ⱬ

ԍ ⱴ ᶷ ’Ȃ 

 

>ž 3-8 �C
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Table 3-8 Statistical RMS lift coefficient of fixed platform of fixed platform 

0U  ̂m/s̃  0.0598 0.0896 0.1195 0.1494 

ꜚ ⱬ  

lRMSC   

ⱴ ᶷ  0.0420 0.0419 0.0412 0.0415 

ⱴ ᶷ  0.0442 0.0412 0.0401 0.0409 

 

  
a)�`Lz�Ö=ð���Ý�µ  

a) Without helical strakes 

  
b)Lz�Ö=ð���Ý�µ  

b) Without helical strakes 


4 3-11 0 0.0598m/sU = �,	€%’�E�©
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Fig.3-11 Time series and frequency results of RMS lift coefficient of columns ( 0 0.0598m/sU = ) 
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a)�`Lz�Ö=ð���Ý�µ  

a) Without helical strakes 

 
 

b)Lz�Ö=ð���Ý�µ  

b) Without helical strakes 
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Fig.3-12 Time series and frequency results of RMS lift coefficient of columns ( 0 0.0896m/sU = ) 
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a)�`Lz�Ö=ð���Ý�µ  

a) Without helical strakes 

  
b)Lz�Ö=ð���Ý�µ  

b) Without helical strakes 
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Fig.3-13 Time series and frequency results of RMS lift coefficient of columns ( 0 0.1195m/sU = ) 

 

  
a)�`Lz�Ö=ð���Ý�µ  

a) Without helical strakes 
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b)Lz�Ö=ð���Ý�µ  

b) Without helical strakes 
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Fig.3-14 Time series and frequency results of RMS lift coefficient of columns ( 0 0.1494m /U s= ) 

 

ѿ ⱴ̆ 0 0.1194 ~ 0.1494m/sU = ̆ ץ ⌠ ⱬ Ҭ̆

ᶷ col2 ̆ῒז ꜚ ⱴ Ӱ̆ ҹ

ꜚ ̆ ⌠ Ҭ̆ ᶷ col2ᶭ ΐ Һ ̆ῒז
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col2Ӟ ᵞ ₮ Һ Ҭ ṿȂ ѿ ̆ Ҋ̆ ᶷ

col2ҍῒז ᵝ ⁞ Ȃ 
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Table 3-9 Statistical RMS lift coefficient of columns and pontoon 

0U  

̂m/s̃  
’ pontoon col1 col2 col4 

0.0598 
ⱴ ᶷ  0.0651 0.0886 0.2998 0.0569 

ⱴ ᶷ  0.0545 0.1223 0.3269 0.0523 

0.0896 
ⱴ ᶷ  0.0620 0.1142 0.2816 0.0532 

ⱴ ᶷ  0.0450 0.1364 0.2872 0.0464 

0.1195 
ⱴ ᶷ  0.0605 0.1202 0.2753 0.0567 

ⱴ ᶷ  0.0556 0.1492 0.2697 0.0459 

0.1494 
ⱴ ᶷ  0.0777 0.1259 0.2900 0.0587 

ⱴ ᶷ  0.0673 0.1491 0.2214 0.0423 
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3-9 ԅҌ ’Ҋ̆ № ꜚ ⱬ Ȃ ⱴ

ᶷ ̆ ꜚ ⱬ ҍ҉ ᶷ col4 ̆ ҉ ᶷ

col4 ꜚ ⱬ ↕ҍ ᵣ Ȃ ̆ ⱴ ᶷ ↕ᶏ Ҋ

ȁ ᶷ col4ȁ ᶷ col2  ꜚ ⱬ ⁞ Ȃ 

3.2.3 ⅎ  

ⱴ ᶷ ԅ ԍ ᵣⱬ

Ҭ̆ ԍ Ҭ ֟ ᵬ Ҍ Ȃҹԅῃ № Ҍ ’

Ҋ ’̆ ₮ԅ 45£ Ҋ̆

ⱬ ץ Ҭ ᵝ ̂ col0.5Z H ̃ Ԑ Ȃ 

 

  
a) 0 0.0598m/sU =  b) 0 0.0896m/sU =  

  
c) 0 0.1195m/sU =  d) 0 0.1494m/sU =  


4 3-15 �`Lz�Ö=ð���Ý�µ,º �©
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Â1��'�cG��`M˜#×H��Ç
4 �´ col0.5Z H �µ  

Fig.3-15 Pressure distribution of platform without strakes and vorticity Z on plane of col0.5Z H  

 

Ҍ׆ Ҋ ⱴ ᶷ Ԑ 3-15Ҭ ץ ̆
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̆ 0 0.0598 /U m s= ̆ ᶷ col4 ᶷ ֜ ̆

֒ҳ Ҭ̆ ꜚ ԍ◄℗ TrSL̆ Ҋ̆

ץ ⌠ ѿ №ᵝԍ◄℗ ̆ ֓

ԍ ◄℗ ᵬ ̆ ֜ ̆ ңᶷ

◄℗ ҹ ̆ ғ ᶷ ץ ⌠ ֜ ₮ ̆ғ

ῤ Ȃ ԍ҉ ᶷ ΐ ̆ғ ᶷ ֟ ᵝ

ѿ ̆ ᶷ ⱬ ̆ ԅ ᶷ col4 ΐ

№ ⱬ Ȃ 

̆ 0 0.0896m/sU = ̆ ץ ⌠̆ ԍ ᵣ ҉ col4

ⱬ ̆҉ ᶷ col4 ᶷ ⱴ̆ѿᶷ

ѿᶷ ľ℗ Ŀ ̆ Ҋ ꜚ̆ ԅҊ ᶷ col2

̆ ᶷ col2 ╠ ֟ ԅ № ̆ ᶏ

ѿᶷ◄℗ ̆ ѿ Ҋ ᶷ col2 ֟

Ἕ҉ col4 ңᶷ col1ȁcol3 ғ ֜ ̆

Ӟ ԅ╠ Ҭ ᶷ col2 ⱬ ꜚ ҹ Ӱ ̆ғ

Ҭ Ҍ⌠ Һ Ȃ ̆ ԍ ᵬ ̆ ᶷ

ⱬ ⱬӊ ̆ ԅ ᶷ ⱬ ҩ Ҭ

Ȃ ѿ Ҍ ’ ץ ̆ңᶷ col1ȁcol3

ᶷ col4 ΐ Ӎ ̆ ᶷ ѿᶷ ҹ

↨↨ ̆ ҹ ľ Ŀ ̆ῒזңҩ

ԍ Ҭ̆ ̆ѿᶷ col1 ҉ ᶷ col4 ⱬ

ⱬ Ҭΐ Ӎ ᵝȂ 

⌠ 0 0.1195 ~ 0.1494m/sU = ̆ ץ ⌠̆҉ ᶷ

col4̆ңᶷ col1 col3 ᵝ ̆ ҹ ̆

Ҭ ̆ ҉ ᶷ ֜ ₮

ҹ ԑᵬ ̆ № ᶷ col2̆ ԅῒ

ᶷ col2 ҹ ᵬ Ȃ ̆ ԍ

ⱴ̆ᶏ ңᶷ ◄℗ ῀ ⌠ ̆ ԅ

ⱴ ̆ ԅ╠ Ҭ̆ ⱬ Һ ꜚȂ 

ѿ ̆ ҩ ⱬ№ ץ ̆ ᶷ col2 ̆ῒ

ҩ҈ז ⱬ№ Ҍ ┴ ̆ᶛ ̆ ԍ҉ ᶷ col4
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̆ῒ ᶷ ̆Ӟ № ̆ғ

Ҍ ԍ╠ ῒΐ ⱬ Ȃ ԍңᶷ ̆

ԍ ̆ ѿᶷ col3҉̆ ԍ ᶷ col4 ңᶷ

ңᶷ ῤᶷ  ľ Ŀᵬ ̆ῒ ᶷ ҉

ῤᶷ ̆ ԍ ᶷ ҉ ⱬṿ ̆ ѿᶷ col1

ᶷ ⱬ ԍ ῤᶷ Ȃ ңᶷ ⱬ Ȃȁ 

ӊ ̆ ԍ ᶷ col2̆ῒ Ҍ ┴̆ ᶷ ԍ ң

҉ ҍᵞ ֜ ֟ ̆ ῒז ̆ ᶷ col2 ᶷң

ᴪ ⱴ▲ ⱬ ̆ғ ԍῒז ̆ Ӟ ╠ Ҭ̆

ᶷ ⱬ ꜚ ṿ ̆ Ҭ Ҭ ṿ Ȃ 

 

  

a) 0 0.0598m/sU =  b) 0 0.0896m/sU =  

  

c) 0 0.1195m/sU =  d) 0 0.1494m/sU =  


4 3-16 Lz�Ö=ð���Ý�µ,º �©
&>žM˜	Á�Ñ�<�9
Â1��'�cG��`M˜#×H��Ç
4 �´ col0.5Z H �µ  

Fig.3-16 Pressure distribution of platform with helical strakes and vorticity Z on plane of col0.5Z H  
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ⱴ ᶷ ⱬ Ԑ ҉ 3-16 Ȃѿ

̆ ⱴ ᶷ ̆ ΐ № ңᶷ

col1ȁcol3 ҉ ᶷ col4 Ȃ ⱴ ᶷ ̆ ᶷ

ңᶷ ҌῬ ֜ ֟ ̆ ᶷ֟ Ӱ

ғ ̆ ѿ ̆ ץ ⌠ ӊ ԑᵬ ⁞

̆ңҩ ӊ ⱴ̆ ᶷ ңᶷ̆ ԍ

̆ ◄℗ ↕ ῃ ҹ ̆ ԅ

̆ ᶷ ԅ ԍ

̆҉ Ҋ ᵬ ѿ ⁞ ̆ ԅҌ ӊ

ⱬ ⱴ Ҭ̆ Ҍ ӊ ⱬ ṿ Ȃ 

ԍ ⱬ№ ̆ ץ ⱴ ᶷ ̆ ҩ

ᶷ ҉ ⱬ ṿ ̆ Ӟ ԅ╠ Ҭ ⌠ ̆

ⱴ ᶷ ⱬ ѿ Ȃ ̆ ᶷ ᶏҌ ӊ

ⱴ ᵌ̆Ӟ ԅ╠ Ҭ ⱴ ᶷ Ҍ ӊ ⱬ

ⱴ Ҭ Ȃ ӊ ̆ ᶷ Ӟᶏ ҍ

̆ᵖ ԍ №̆ῒ ⱬ⁞ ԍ ᶷ ԅ

̆ῒΐᵣ ѿ Ȃ 

ҹ ѿ № ᶷ Ҍ ̆

ԅ ⱴ ᶷ ’Ҋңҩ 0 0.0896m/sU = 0 0.1494m/sU = ̆

└̆ Ȃ 

҉ ᶷ col4 ̆ ̂ 0 0.0896m/sU = ̃ ̆ ⱴ

ᶷ ’ ңᶷṕ ₮ ̆

ṕ ֟ ԅѿ ꜚ№ ̆ ◄℗ ᶷ ̆

№ ץ ̆ῒ ̆ Ҭ

̆ғ ңᶷ ҉

̆ңҩ ӊ ΐ ԑľ Ŀᵬ Ȃ ⱴ ᶷ ̆ ᵞ

Ҋ̆ ᶷ ṕ ᶷ ᶷ₮ ԅ ꜚ№ ̆ ̆

ᶷ ₮ ꜚ№ ԍ ⱴ ᶷ ’Ҋ ṕ

֟ Ȃ ◄℗ ңᶷṕ ̆ ᴪ

֟ ̆ ᶷ ѿҩᵞ ̆ᵖ ⱴ ᶷ ̆

ԅ◄℗ ṕ ꜚ ̆ᶏῒ ꜚ Ẓ ᶷ̆
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Ӟ ԅ Ҭ Ȃ 

 

  
a) 0 0.0896m/sU = �¸ ��=ð���Ý�µ  

a) 0 0.0896m/sU = �¸ without strakes 

b) 0 0.1494m/sU = �¸��=ð���Ý�µ  

b) 0 0.1494m/sU = �¸ without strakes 

  
c) 0 0.0896m/sU = �¸�?=ð���Ý�µ  

 c) 0 0.0896m/sU = �¸ without strakes 

d) 0 0.1494m/sU = �¸�?=ð���Ý�µ  

d) 0 0.1494m/sU = �¸ without strakes 


4 3-17 �@$n�›#w�Ý1��' col4 �,
}#w4õ
4�´ col0.5Z H �µ  

Fig.3-17 Streamline of col4 on plane of col0.5Z H  

 

3-20 ԅѿᶷ col3 ̆ ץ ̆ ’Ҋ̆

ңᶷ col1 col3 ᶷ Ҭ Ҍ ԍ ̆ҹԅḂԍ

̆ 0 0.1494m/sU = ’Ҋ̆ ⱴ ᶷ ῤ

ԅ Ȃ ңᶷ col1ȁcol3 ᶷ col2 ץ

̆ңᶷ ҉ ᶷ col4 Ҍ ̆ Ҍ ̆

X ̆ ѿ Ẓ ̆ᶏ ᶷ ѿᶷ Ҭ

̆ ῤᶷ Ҭ ̆ ғ ᶷ Ӟ
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ѿᶷẒ Ȃ ╠ Ҭ Ԑ № ̆ ץ ҹ ԍ҉

ᶷ ңᶷ ֟ ԅ ̆ ԅ ҈ҩ ̆ ғ ѿ

ⱴ ᶷ ᶷ ⱴ Ȃ 

 

  
a) 0 0.0896m/sU = �¸��=ð���Ý�µ  

a) 0 0.0896m/sU = �¸ without strakes 

b) 0 0.1494m/sU = �¸��=ð���Ý�µ  

b) 0 0.1494m/sU = �¸ without strakes 

  
c) 0 0.0896m/sU = �¸�?=ð���Ý�µ  

 c) 0 0.0896m/sU = �¸ without strakes 

d) 0 0.1494m/sU = �¸�?=ð���Ý�µ  

d) 0 0.1494m/sU = �¸ without strakes 


4 3-18 �6�Ý1��' col1 �,
}#w4õ
4�´ col0.5Z H �µ  

Fig.3-18 Streamline of col1 on plane of col0.5Z H  
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a) 0 0.0896m/sU = �¸��=ð���Ý�µ  

a) 0 0.0896m/sU = �¸ without strakes 

b) 0 0.1494m/sU = �¸��=ð���Ý�µ  

b) 0 0.1494m/sU = �¸ without strakes 

  
c) 0 0.0896m/sU = �¸�?=ð���Ý�µ  

 c) 0 0.0896m/sU = �¸ without strakes 

d) 0 0.1494m/sU = �¸�?=ð���Ý�µ  

d) 0 0.1494m/sU = �¸ without strakes 


4 3-19 �t#w�Ý 1��' col2 �,
}#w4õ
4�´ col0.5Z H �µ  

Fig.3-19 Streamline of col2 on plane of col0.5Z H  

 

  
a) 0 0.0896m/sU = �¸��=ð���Ý�µ  

a) 0 0.0896m/sU = �¸ without strakes 

b) 0 0.1494m/sU = �¸��=ð���Ý�µ  

b) 0 0.1494m/sU = �¸ without strakes 
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c) 0 0.0896m/sU = �¸�?=ð���Ý�µ  

 c) 0 0.0896m/sU = �¸ without strakes 

d) 0 0.1494m/sU = �¸�?=ð���Ý�µ  

d) 0 0.1494m/sU = �¸ without strakes 


4 3-20 �6�Ý1��' col3 �,
}#w4õ
4�´ col0.5Z H �µ  

Fig.3-20 Streamline of col3 on plane of col0.5Z H  

 

3.3  

45£ ̆ ⱴ ҹ 0.13Ṑ ᶷ

̆ ῒ ṿ ̆ ⱬ ԅѿ ↓ № ̔ 

ᾢ̆ ⱬ ̆ ᵣ ⱬ ̆ ᶷ ’Ҋ

ᵣ ⱬ ԍ ᶷ ’̆ ⱬ ᶷ ’ 5%

Ȃ ⱴ ᶷ ⱬ Ҋ ԍ ⱴ

ᶷ ’̆ᵖ ’↕ ̆ ԍ ⱴ ᶷ ’Ȃ 

ῒ ̆ ᶷ ⱬ ̆ ̂ 0 0.0598m/sU = ̃ ̆

ⱴ ᶷ ̆ ꜚ ⱬ ̆ ⱴ̆

 0 0.0896m/sU = ̆ң ⱬ ̆ ⌠ 0 0.1195 ~ 0.1494m/sU = ̆

ⱴ ᶷ ꜚ ⱬ ԍ ⱴ ᶷ ’Ȃ ̆

ⱴ ᶷ ̆ ꜚ ⱬ ҍ҉ ᶷ col4 ̆ ҉

ᶷ col4 ꜚ ⱬ ↕ҍ ᵣ Ȃ ⱴ ᶷ ᶏ Ҋ̆

̆ ᶷ col4̆ ᶷ col2  ꜚ ⱬ ⁞ Ȃ 

№ ̆ ױ ҹ̆ ⱴ ᶷ ̆ᴪ ᶷ֟

Ӱ ғ ̆ ᶷ ԅ

Ȃ ԍ ⱬ№ ̆ ⱴ ᶷ ᶏ ҩ ᶷ ҉






















































































































