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Background
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• By 2050, floating wind energy grows 
to 300 GW1,2)

• 56-fold increase (compared to 2020). 
• Around 15000 wind turbines. 
• LCOE for floating offshore wind from 

USD 270/MWh to USD 67/MWh, 75% 
reduction3)

1) DNV 2022a. Floating Offshore Wind: The next five years. 
2) DNV 2022b. Floating Wind: The power to commercialize.
3) DNV 2023. Energy Transition Outlook 2023.
4) US Dep. of Energy, Offshore Wind Market Report, 2023 Edition



Motivation
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Some facts
• Need to reduce LCOE significantly.
• Large number of towing operations:

‒ A 1 GW floating wind farm estimated 
to have a minimum of 7 tow-back 
per year (Brown, J., 2022. Solving the 
tow-back challenge in floating wind).

• Towing speed is very low (~ 2-3 kn).
• Towing under mild sea-states only 

(limiting Hs ~ 1.0 - 2.5 m).
• Limited number of port 

infrastructures fitted for the 
purpose (probably implying weather 
unrestricted operations).

Potential & solutions
• Potential to reduce the cost / 

improve the efficiency of 
transportation to site 
location.

• Potential to reduce the cost 
of heave maintenance 
operations requiring tow-
back.

By:
• Increasing the towing speed.
• Expanding the operational 

criteria / weather windows.

Source: Principle Power



FIM of semi-submersible FOWT
Vortex-induced motion

• Self-limited dynamic response
• Vortex shedding force
• Multi-DOF rigid-body motion

Galloping
• Dynamic instability
• Low frequency
• Non-circular cross-sections

 O. M. Faltinsen, Sea Loads on Ships and Offshore Structures. Cambridge University Press, 1993.
 R. D. Blevins, Flow-Induced Vibration, 2 edition. Kriegerdrive, Florida, USA: Krieger Publishing Company, 1990.
 A. Bokaian and F. Geoola, ‘Wake-induced galloping of two interfering circular cylinders’, Journal of Fluid Mechanics, vol. 146, pp. 383–415, Sep. 1984.
 Waals, OJ, Phadke, AC, & Bultema, S. "Flow Induced Motions on Multi Column Floaters." OMAE2007-29539. San Diego, California, USA. June 10–15, 2007

 Wake interference

 Shielding effects

 End effects

 Surface effects
Waals et al. (2007) OMAE2007-29539



Scale 1:40

Thys et al. (2021) OMAE2021-62980

INO WINDMOOR FOWT

64 m



Technology for a better society
 Jiang, F.; Yin, D.; Califano, A. & Berthelsen, P. A. Application of CFD on VIM of semi-submersible FOWT: A Case Study 
         IOP The Journal of Physics, EERA DeepWind 2023,  vol 2626, no. 012041, 2023

• Simplified horizontal mooring system
• Delayed Detached Eddy Simulation (DDES)
• 𝑉𝑉𝑅𝑅 = 𝑈𝑈𝑇𝑇𝑛𝑛/𝐷𝐷 = 8

180°0°

INO WINDMOOR VIM CFD study



• Towing test 
• Ocean Basin
• Two configurations
• VIM mitigation devices
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48 m

Towing of WINDMOOR FOWT



Towline and bridles (FS)
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Wire d= 74 mm MBL 3365 kN (6x36 IWRC)
EA: 253061 kN
Weight: 21.9 kg/m
Length: 200 m

wire d= 74 mm MBL 3365 kN (6x36 IWRC)
EA: 253061 kN
Weight: 21.9 kg/m
Length: 36 m

25 m 130 mm studless chain
EA: 1443260 kN
Weight: 377.7 kg/m
Length 25m

• Harbour tow
• Ocean tow

60°

Source: www.steelwirerope.com

Source: www.damenmc.com



VIM Mitigation – from O&G to Renewable energy
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Bare/Low friction

High friction

 OMAE2014-24591

Riser model (pipe3) covered with fairing models
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Measurements:
• 6 DOF motions
• Towing force
• Towing speed
• Photo & video

MWL

Scale 1:40



Overview video of tow-out tests of FOWT
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Test program

• Decay test
‒ Roll
‒ Pitch
‒ Heave

• Pull-out test
‒ Surge

• Calm water towing test
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Test series Description UFS (m/s)

1xxx Decay test and pull-out test -

2xxx Single tow line 0.9 - 3.0

4xxx Single tow line  + splitters 0.9 - 3.0

3xxx Single tow line with bridles 0.9 - 3.0

5xxx Single tow line with bridles + splitters 0.9 - 3.0



Decay test results
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DOF Tp,FS (s) Tp,MS (s)

Surge 31.6 5.0

Sway

Heave 31.6 5.0

Roll 30.3 4.8

Pitch 31.3 4.95

Yaw

𝑉𝑉𝑅𝑅 =
𝑈𝑈𝑇𝑇𝑛𝑛
𝐷𝐷

𝐴𝐴/
𝐷𝐷

VIM

VIM + Galloping

• Eigen periods of sway and yaw 
depend on the towing speed, 
significantly higher than the other 
DOFs 2 6



Preliminary results
• Standard deviations
• Tow force increases with

tow speed
• Single tow line

‒ Sway motion is relatively
small

‒ Yaw motion not sensitive 
to the tested tow speeds

• With bridles
‒ sway motions larger than

single tow line
‒ Yaw motion decreases with

tow speed
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Single tow line with bridles + splitters
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Single tow line with bridles

Single tow line Single tow line + splitters

U=3.0 m/s



Concluding remarks

• During tow-out, stability and resistance of FOWT are of concern, cost-effective 
operation is desired.

• FIM – VIM and galloping is an interesting, but complex FSI problem that can cause 
severe issues/limits during installation, transportation and operation of FOWT.

• Free-to-rotate splitter could be a solution to reduce FIM.
• The industry requires a practical design practice/standard accounting for FIM.
• SINTEF Ocean has various tools, facilities and competences (VIVANA-TD, Towing 

tanks, Ocean basin, CFD) to study FIM.
• Towing tests with waves in a long towing tank are desired.
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TOWIN JIP
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Thank you for your attention!

decao.yin@sintef.no
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