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€ Research Question @ Results: Wake Spectra

Floating offshore wind turbine platform motions generate unsteady wakes that affect downstream power r=15R T =25R
production and fatigue loading. Accurate modelling of floating wind farms therefore requires improved i | | LEIAL-XX
understanding of platform-motion-induced wake dynamics. However, the aerodynamic influence of the "‘{l'"h' o
tower and nacelle is often neglected in numerical simulations. This study aims to: AR
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(i) Assess the influence of the tower and nacelle on wake dynamics under different s AENATIEAAND kA bl
platform motions. i | SR A | - 1B

(i) Evaluate lower-fidelity meshless methods as an alternative to dynamic meshing. ql;,
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& Methodology
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= Numerical setup based on the NETTUNO wind tunnel campaign [1].
= Large-eddy simulation using WALE model for closure.
= Divergence-free synthetic eddy method used to reproduce inflow turbulence (I =~ 2%) [2].
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* Wall-modelled wind tunnel boundary layers to reproduce wind tunnel blockage. p Jr b p Jr

= Actuator line model (ALM) used for turbine blade representation. . _ , , , , , , o
Figure 3. Wake streamwise velocity spectra as a function of the vertical distance, z, relative to the hub height at the initial rotor

* Potential-flow velocity sampling used during blade-force evaluation [3]. position for a pitching turbine with (f, A,) = (0.60,1.9°) at different downstream locations, z = 0.5R, 1.5R, 2.5R.

* Prescribed sinusoidal platform motions characterised by dimensionless frequency f; = fpD/Usc,
amplitude A, and dimensionless time 7 = f,t (mod 1).
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: ] , ; " Nacelle produces peak at f7 in very near wake.
* Fields decomposed into mean, goherent, and incoherent components: (-) = (-) + (-) + ()" and the = Tower shedding produced by both tower models albeit at a different frequencies.

coherent std defined 6°(-) = () * Asymmetric platform-induced velocity generates tones at f;, f7, f = f; and f7 £ 2f;.
= Comparison of two tower+nacelle models against experimental, blade-resolved, and ALM results.

Immersed Boundary Method (IBM) Dynamic Mesh Method (DMM) ]
y y @ Results: Wake Dynamics
The immersed boundary method is implemented us- The dynamic motion is represented by deforming - i
ing a Brinkman penalisation approach. Solid motion the computational mesh in response to prescribed tg/Uso | 70] Uy /Uso [ 70)]
Is imposed through a body force added to the mo- structural motion. Mesh displacement is obtained —25-20—-15—-10 =5 0 5 10 15 20 25 —25-20—-15—-10 =5 0 5 10 15 20 25
mentum equations, solving B e B e
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where xs € [0, 1] is a mask function defining the im- where d is the mesh displacement vector and =~ is Q S 01 N . '-’ < =
mersed solid region, w is the fluid velocity, us is the a diffusivity defined as the inverse of the distance = = =11 | | - — = *
prescribed solid velocity, and A is a penalisation fac- to the moving body, ensuring smooth deformation - - +11 AL-IB. .. . = e e
tor. The value of X\ is selected to enforce the solid away from solid boundaries. The resulting displace- — ~ 0} ssmeweat “.k:
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motion accurately while avoiding excessive numeri- ment field is then used to update the mesh. Near- = S | e flege S gl
cal stiffness. wall flow is modelled using a wall model. _1 ‘ ‘ ‘
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= EXP: Experimental data [1]

Figure 4. Coherent velocity contours at 7 = 0.5 and coherent standard deviation of the integrated velocity for (a,c) a pitching
turbine and (b,d) a rolling turbine with (f;;, A,) = (0.60,1.9°) and (0.30,1.9°), respectively. The planes are located at the initial hub

0.400  0.0500 6,500['] 0.950  1.40 height. The velocity component is chosen to align with the platform induced velocity.
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(a) AL-XX = Pitching motions appear to be largely unaffected by inclusion of tower+nacelle model.

= Roll induced meandering amplified by inclusion of tower+nacelle model.

@ Results: Computational Expense

AL-XX  AL-IB AL-DM

Relative Cost — +/7/.5%  +365% AL-DM comes at significant cost relative
to AL-XX and AL-IB.

Table 2. Computational cost of each methodology relative to the
AL-XX configuration.
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(b) AL-IB (c) AL-DM 1. Rotor thrust at f;; agrees well with validation data, while the response at f;" is overpredicted, likely

Figure 1. Instantaneous snapshots of the wake showing Q)-criterion contours coloured by the normalised streamwise velocity due to amplification of tower-induced velocity deficit by the non-local sampling method.

us/Us for arolling turbine with (f7, A,) = (0.30, 1.9°). 2. Tower and nacelle effects introduce near-wake spectral content that is either diminished by 2.5R or
advected out of the sampling plane by wake rotation.
@ Results: Load Response to Motion 3. Pitch-induced wake dynamics are largely insensitive to inclusion of the tower+nacelle model.

4. Inclusion of the tower+nacelle model amplifies roll-induced wake meandering.

TN] AT/ [N AT N
AL-XX 3571 0955 0.027

ALDM 1307600700 0.20/ —> Tower+nacelle effects depend strongly on the platform motion
v wF AL-IB 35.66 0.949  0.325

Take Away Point:

—AL-XX —BR-D
—ALIB —EXP[1]
—AL-DM

characteristics and may be important for accurate wake-response prediction.

BR-DM[4]135.01 1.015 -
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