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Motivation: Floating Turbine Wakes

Method: Numerical Methods for floating turbine wakes

Problem: The effect of force smoothing

Results

Conclusions
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Wake Effects
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Shear layer 
instability

Vortex 
interactions

!

Testing Operation

?

Coherent 
structures
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Floating wind is ready for farm-scale 
deployment

Platform motions inject unsteadiness 
into turbine wakes



Floating turbines perturb the typical 
fixed-bottom turbine wake

This perturbation experiences 
nonlinear growth

Accelerated wake breakdown

Increased wake recovery

Farm power gains

Unsteady loading

Floating Vs Fixed-Bottom Wakes
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Wake power spectra

Messmer, Thomas, Michael Hölling, and Joachim Peinke. "Enhanced 
recovery caused by nonlinear dynamics in the wake of a floating offshore 
wind turbine." Journal of Fluid Mechanics 984, 2024.

Fixed-bottom Floating



Simulation Methods: Actuator Line Method
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Reality Actuator line 
representation

Blade 
station

Collocation 
point

Lift

Drag

Effective force 
on fluid

Tabulated lift + drag coeffs.

Momentum Sources
(blades only)



Collocation Point

Forcing Smoothing
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Reality

Smoothing kernel:

• numerical stability
• Prevents numerical oscillations

Often Gaussian with width

Effective 
force

Smoothed 
forcing



Typical Smoothing Lengths
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Example: IEA 15 MW Turbine

𝛆 is usually a function of cell size, 𝚫

Thrust insensitivity: ε > 5Δ

Numerical stability: ε > 2Δ

[1] Analytical optimal ε = 0.14c − 0.25c
(c = chord length) [1]

[1] - Martínez‐Tossas et al. "Optimal smoothing length scale for actuator 
line models of wind turbine blades based on Gaussian body force 
distribution." Wind Energy 20.6, 2017

Typical platform 
motion amplitude 

𝑨𝒑 

(Δ = D/120)



Effect of Force Smoothing
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Resolution of wake perturbation is a 
function of:

Smoothing length

Size of perturbation

Spatial resolution  

Dimensionless smoothing width:

∞0
Diffuse perturbationSharp perturbation

RQ: How does       affect 
the wake? 

Motion 
amplitude



Spatial Resolution Δ =
𝐷

40
,  

𝐷

80
,  

𝐷

120

Mapping length 𝜀 = 2Δ,  4Δ,  8Δ

Test Case
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poor okay good

stability intermediate insensitivity

Pitching IEA 15MW
Sinusoidal motions
𝐴𝑝 = 0.02𝐷 1.89∘

𝑆𝑡𝑝 = 0.70 

(𝑓𝑝 = 0.031 Hz)

Inflow: 𝑈∞ = 10.59ms−1, laminar
Boundary conditions: 𝜕𝒏𝒖 = 0
LES + Smagorinsky turbulence closure



Results:
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Results: Rotor Thrust
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Rotor thrust is insensitive to 𝑁𝜀

Why?

Sharp perturbation

Diffuse perturbation

∞0
Diffuse perturbationSharp perturbation

Phase averaged thrust



Thrust variation is caused by change in lift + drag

Change in lift + drag caused by a velocity variation  

Results: Rotor Thrust
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Total Thrust
Prescribed

From perturbation

Thrust variation is not significantly 
affected by flow perturbation



Results: Wake Velocity
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Streamwise Velocity ProbesUpstream Downstream

Oscillations at blade passing 
frequency

Amplitude proportional to 𝑵𝜺

Rotor Plane



Results: Wake Velocity
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Upstream Downstream

Oscillations propagate 
downstream

Streamwise Velocity Probes



Results: Wake Velocity
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Upstream Downstream

Diffuse perturbations remain stable

Sharp perturbations breakdown due to 
nonlinearities

Results in ordering by 𝑵𝜺 forms

Streamwise Velocity Probes



Results: Wake Velocity
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Peaks at blade passing and 
platform (perturbation) frequency

Streamwise Velocity Power SpectrumUpstream Downstream

Platform 
motions

Blade 
passing

Rotor Plane



Results: Wake Velocity
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Amplitude at platform frequency 
grows depending on 𝑵𝜺

High frequency spectra dependent 
on 𝜺 and 𝚫

Upstream DownstreamStreamwise Velocity Power Spectrum

Platform 
motions



Results: Wake Recovery
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Average velocity over rotor swept area

Compute power of virtual Betz-rotor

Significant differences in predicted 
power of downstream rotor due to 𝑵𝜺

Resulting from different wake 
evolution processes

Potential Power



Inter-scale interactions cannot be ignored!

Perturbations will interact with ambient 
turbulence

Why are laminar simulations still useful?

1. Cost   (turb sims 5-10 X more expensive)

2. Parameter space (           )

Adding Turbulence
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Wake phase averaged velocity

Wake power spectrum



Results: Wake Velocity
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Inflow turbulence produced using 
divergence free synthetic eddy method [1]

[1] - Poletto, Ruggero, T. Craft, and Alistair Revell. "A new divergence free synthetic eddy method 
for the reproduction of inlet flow conditions for LES." Flow, turbulence and combustion 91.3, 2013.

Ambient turbulence significantly reduces 
sensitivity to 𝑵𝜺

Turbulent fluctuations dominate over 
platform-induced perturbations

Preventing growth of unstable modes

Potential Power

Turbulent

Laminar



1. Rotor thrust is largely insensitive to force smoothing

2. Low turbulence / laminar inflow wakes are highly sensitive to 𝑁𝜀  - Significant changes in 
downstream power/loading predictions

3. Laminar inflow wakes breakdown based on 𝑁𝜀  

4. Suggest 𝑁𝜀 < 2 for reasonable insensitivity

5. Turbulent inflow wakes experience significantly less sensitivity but are expensive!

Conclusions
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Contact Info:
Email: dylan.green@eng.ox.ac.ukThanks for listening!



END

22



Perturbations to wake form coherent 
structure

Previously shown to be important for 
energy transfer between the 
freestream and the wake [1]

Results: Wake Coherent Structures
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𝑵𝜺 = 𝟎. 𝟖𝟑
𝑵𝜺 = 𝟐. 𝟓 

[1] -Messmer, Thomas, et al. "The role of motion-excited coherent structures in improved 
wake recovery of a floating wind turbine." Journal of Fluid Mechanics 1018, 2025.

𝑵𝜺 governs production and resolution 
of coherent structure

Therefore, 𝑵𝜺 is important for 
momentum transfer into the wake

Vorticity Iso-contours



Results: Wake Morphology
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𝑁𝜀 = 0.83 



Wake shape related to its nonlinear evolution

Measure wake width using                               
contour 

Results: Wake Morphology
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𝑵
𝜺

 

𝑵
𝜺

 

Diffuse perturbations show little 
unsteadiness 

Diffuse produce fixed-bottom like wake

Sharp perturbations lead to large & 
unsteady modulation of the wake 
width

Wake Width



Mean and Coherent std Streamwise Velocity
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𝑵𝜺 = 𝟎. 𝟖𝟑 𝑵𝜺 = 𝟐. 𝟓



Momentum flux:

Results: Wake Entrainment
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𝑵𝜺 = 𝟎. 𝟖𝟑

𝑵𝜺 = 𝟐. 𝟓
Magnitude of momentum injection into 
the wake sensitive to 𝑵𝜺



Turbulent Flow
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Mean flow

Coherent flow

Fluctuating flow



Turbulent Flow
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