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Floating wind turbine wakes are 
complex…

Motivation

Floating wakes exhibit motion-excited 
unstable modes1-4

Different motions generate distinct 
structure (meandering/pulsating)1,4

With differing resilience to ambient 
turbulence2

Z. Li et al. “Onset of wake meandering for a floating offshore wind 
turbine under side-to-side motion”. Journal of Fluid Mechanics. 2022

1. Messmer et al. 2024
2. Messmer et al. 2025
3. Li et al. 2024
4. Li et al. 2022

Roll-induced 
meandering
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Motivation

How do these wake dynamics 
interact with their environment?

How do platform motions affect 
momentum/energy transport?
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Methodology
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Inflow
Inflow Cases:

Uniform 

≈ 5.5%

≈ 9.2%

Turbulent 
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Methodology
Turbulence Generation:

OpenFoam v2212

LES – Smagorinsky 𝐶𝑠 = 0.158

2nd order spatial/temporal discretisation

Schumann-Grotzbach stress, 𝑧0 = 0.001

Precursor Successor

Recycle with lateral shift

10𝐷

30𝐷

6𝐷

3𝐷 Cyclic in lateral 
direction
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Roll:

𝑓𝑝
⋆ = 0.32 

𝐴𝑝 = 2.5∘, 𝐴𝑝
⋆ = 0.027

Δ𝑈⋆ = 0.054

Fixed:

𝑓𝑝
⋆ = −

𝐴𝑝 = −, 𝐴𝑝
⋆ = −

Δ𝑈⋆ = −

Methodology

Turbine Representation:
IEA 15 MW

Actuator line method

Constant rot. speed, blade pitch

Prescribed platform motions

Motion Settings:

Pitch:

𝑓𝑝
⋆ = 0.72 

𝐴𝑝 = 2.5∘, 𝐴𝑝
⋆ = 0.027

Δ𝑈⋆ = 0.123

ALM:
Line average sampling
75 collocation points
Previously validated for fixed/floating  wind/tidal1-3

3D spherical Gaussian regularisation kernel

1. Wimshurst A and Willden R H J 2017 Wind Energy 20 815–833
2. Willden R et al. 2023 Proceedings of the European wave and tidal 
energy conference vol 15
3. Green D, Zormpa M and Vogel C 2025 11th Conference on 
Computational Methods in Marine Engineering
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Results
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Analysis Methodology

J. Meyers and C. Meneveau. Journal of Fluid Mechanics. 2013
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Create a streamline

Stitch together streamlines into a stream tube…

Analysis Methodology

A curve everywhere tangent to 
the local fluid velocity.

mass in = mass out

0 mass flux over the 
tube surface

A stream tube is a bundle of streamlines in a fluid flow that forms a tube-
like region where no fluid crosses its boundaries.
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Analysis Methodology

Take momentum equation

Write in conservative form

Define a    -momentum velocity

Flux of    -momentum  Sources of    -momentum  
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Construct axial-momentum tubes

Analysis Methodology

mass in = mass out

0 mass flux over the 
tube surface

Mass Tube Axial Momentum 
Tube

Mechanical Energy 
Tube

0 axial momentum 
flux over the tube 

surface

axial momentum in = axial 
momentum out  +  integrated 

sources

0 mech energy flux 
over the tube 

surface

mech energy in = mech energy out  
+  integrated sources
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Transport Tubes

Fixed Turbine in 
uniform inflow

Tube Cross Sections



14

Transport Tubes

Expansion of tubes due 
velocity deficit

Fixed Turbine in uniform inflow Tube Cross Sections
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Transport Tubes

Tubes remain coincident Wake remains stable at 6D 
resulting in insignificant 

momentum/energy 
exchange

Tube Cross SectionsFixed Turbine in uniform inflow
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Transport Tubes

3D

6D

Local blockage generates 
asymmetry in cross section

Tube Cross SectionsFixed Turbine in uniform inflow
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Transport Tubes

Breakdown transports 
energy/momentum

Tube Cross SectionsFixed Turbine in uniform inflow
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Transport Tubes

Wake rotation interacts with 
local blockage creating 

further asymmetry

Tube Cross SectionsFixed Turbine in uniform inflow
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Q1: How do floating motions affect this?
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Pitching Turbine & Transport Tubes

Near wake tubes remain 
approx. unchanged

Tube Cross SectionsPitching Turbine in uniform inflow
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Pitching Turbine & Transport Tubes

Complex pitch-induced coherent 
structures significantly modify 

transport of mass and momentum

𝒛-Component of axial 
momentum velocity at 7D

Tube Cross SectionsPitching Turbine in uniform inflow
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Pitching Turbine & Transport Tubes

Despite complex motions, differences 
between not significantly affected

Tube Cross SectionsPitching Turbine in uniform inflow
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Rolling Turbine & Transport Tubes

Increased differences 
between tubes suggests 
enhanced entrainment

Large lateral spread of 
mass/momentum/energy

Significant vertical shift

Tube Cross SectionsRolling Turbine in uniform inflow
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The Effect of Motions in Uniform Inflow

Momentum Tube Centre-𝑦 Momentum Tube Centre-𝑧

Momentum Tube Cross Sections

Compare 0th, 1st, 2nd moments of cross sections…



25

The Effect of Motions in Uniform Inflow

Momentum Tube Width-𝑦 Momentum Tube Width-𝑧

Momentum Tube Cross Sections
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The Effect of Motions in Uniform Inflow

Momentum Tube Area

Momentum tube cross sectional area 
significantly reduced beyond the 

near wake

Momentum Tube Cross Sections
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Q2: How does inflow affect this?
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Turbines In Turbulent Flow
Momentum Tube Cross Sections
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Turbines In Turbulent Flow

Momentum Tube Area

Sensitivity to motions heavily reduced.

Rolling motions retain some impact.

Momentum Tube Cross Sections
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Turbines In Turbulent Flow
Momentum Tube Centre-𝑦 Momentum Tube Centre-𝑧

Momentum Tube Width-𝑦 Momentum Tube Width-𝑧
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Turbines In Turbulent Flow
Momentum Tube Centre-𝑦 Momentum Tube Centre-𝑧

Momentum Tube Width-𝑦 Momentum Tube Width-𝑧

Both tube width/centre remain 
dependent on platform motions
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Q3: What is the influence of turbine 
spacing?
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Turbine Spacing

3D

6D 3D

3DVs
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The Influence of Spacing

Areas not significantly affected 
by reduced rotor spacing

Momentum Tube Area
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The Influence of Spacing
Momentum Tube Centre-𝑦 Momentum Tube Centre-𝑧

Momentum Tube Width-𝑦 Momentum Tube Width-𝑧
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The Influence of Spacing
Momentum Tube Centre-𝑦 Momentum Tube Centre-𝑧

Momentum Tube Width-𝑦 Momentum Tube Width-𝑧

Roll/pitch affected 
oppositely by spacing 
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Conclusions
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1. Performed transport tube analysis on the wakes of floating turbines subject 
to different inflows and turbine spacings

2. Uniform conditions:
 Significantly impact transport/entrainment of momentum

3. In turbulent conditions:
 Tube areas becomes largely insensitive
Tube position/width remains dependent on platform motions

Conclusion

Impact on farm spacing?Impact on wake models? Impact on AEP?
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Thank you for listening
Questions?
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Local Blockage

3D

3D
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Mass Tube / Momentum Tube Area Ratio

Uniform inflow Turbulent inflow
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Uniform Pitching

𝒛-Component of axial 
momentum velocity at 7D
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1.  Cyclic conditions + prescribed motions = assumed phase between neighbours. 

2.  Seeding of tubes is based on fixed rotor position.

3. How to extend to deep-array effects while using prescribed motions.

4. …

Thoughts on Limitations

Fluid Mechanics 
Problem

Wind Energy 
Problem

No Control

Prescribe motions

Idealised uniform inflowTurbulent sheared inflow
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