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Abstract Methodology
The platform motions of floating offshore wind turbines generate unsteady wake dy- » Numerical setup reproduces the NETTUNO divergence-free synthetic eddy method [3]
namics that influence downstream power production and fatigue loading. Accurate wind tunnel experiment [2] > LES with WALE suberid-scale model for
modelling of floating wind farms therefore requires improved understanding of these » Wind tunnel boundary layers modelled using a furbulence closure 5
motion-induced wake dynamics. However, the aerodynamic effects of the tower and wall-modelled approach

nacelle are often neglected in numerical simulations. This study aims to: » [urbine blades modelled using an Actuator Line

» Prescribed sinusoidal platform turbine motions

(i) Afc;sgzs; rt;rhren gvélglnegce of the tower and nacelle on wake dynamics under different with non-dimensional frequency, I3 = f,D I Model '(ALI\/I) | |
(i1) Evaluate lower-fidelity meshless methods as an alternative to dynamic meshing ?)Padtfgrpn?”ht'gndee}g’ fdteﬁning non-dimensional > E\?ezleunahh?cl_nﬂ&v]v velocity sampling for force
Results show that although blade-scale tower-nacelle effects are not fully resolved P . .
by lower-fidelity approaches, the dominant platform-induced wake dynamics are cap- » Inflow turbulence generated using the » [wo tower-nacelle representations compared...
tured accurately. The influence of the tower and nacelle on wake coherence depends . Immersed Boundary Method (IBM) Dynamic Mesh Method (DMM) .
on the platform degree of freedom: for the conditions studied, their inclusion en- ~ The immersed boundary method is implemented  The dynamic motion is represented by deforming
hances wake meandering for roll motion, while pitch-induced wake dynamics remain using a B.rmkman penalisation approach. Solid the Computahpnal mesh in response to.prescr!bed
lareelv unchaneed. motion is imposed through a body force added to structural motion. Mesh displacement is obtained
gely g . .
the momentum equations, solving
Case Examples F=xMu—u,), v-ava) =0,

where s € [0,1] is a mask function defining the ~ Where dis the mesh displacement vector and ~
immersed solid region, w is the fluid velocity, u, is 1S @ diffusivity defined as the inverse of the dis-

the prescribed solid velocity, and A is a penalisa- ~ tance to the moving body, ensuring smooth de-
fion factor. The value of X is selected to enforce ~ formation away from solid boundaries. The re-
the solid motion accurately while avoiding exces-  sulting displacement field is then used to update
e . the mesh. Near-wall flow is modelled using a wall
model.
| ~ Case Keys
| (a) AL-XX (b) AL-1B () AL-DM » AL-XX: ALM blades + no tower/nacelle » BR-DM: Resolved blades + DMM
Figure 1. Instantaneous snapshots of the wake showing Q-criterion contours coloured by the normalised » AL-IB: ALM blades + IBM tower/nacelle tower/nacelle [1]

streamwise velocity u, /U for a rolling turbine with (f,;, A,) = (0.30,1.9°).

» AL-DM: ALM blades + DMM tower/nacelle » EXP: Experimental data [2]
Results: Load Response to Platform Motions
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T[] Table 1. Time-averaged thrust, T, and amplitudes of T[]
: thrust oscillation at blade-passing, AT, and platform,
F.Itgt]J.re 2. gohere;t coinponjrgjt o t*hilrotgr tlhgtgstoérzder AT frequency for a pitching turbine with Figure 3. Coherent component of the normal force per unit blade length at three different blade sections for the blade in the
Pitching motions characterised by (f;, 4p) = (1.19,0.5°. (fy,Ap) = (1.19,0.3°). vertical position at 7 = 0 for a pitching turbine with motions characterised by (f3, A,) = (1.19,0.3°).
> Due to a blade-mass imbalance, the EXP data was low pass filtered with a cut-off » As in Figure 2,the general trends are captured well however significant discrepancies are
frequency below the blade-passing frequency, fy. . . observed in the amplitude of the tower shadow effect.
> The rotor thrust response to platform motion frequency, AT, is captured with excellent » The inboard section exhibits significant deviation from the BR-DM reference data as a
accuracy. In contrast, the tower shadow effect is significantly overpredicted by the result of the highly 3D flow which cannot be realised by the 2D polars using by the
AL-IB/AL-DM configurations, likely due to non-local velocity sampling. actuator line model.
Results: Wake Response to Platform Motions Results: Computational Cost
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3; QL (R el s & é Oéli E *‘g;; ! » The AL-DM requires significantly more (4.33x)
= = == ] s SR - i o computational resources compared to the AL-IB method.
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—1f* . o el - 0 1 2 3 4 5 5 » All models reproduced platform-frequency rotor thrust
2 R b ’ /D= in line with experiments and blade-resolved data.
Figure 4. Wake streamwise velocity spectra as a function of the vertical (@) » ALM strongly overpredicted tower-shadow amp“tUdeS
distance, z, relative to the hub height at the initial rotor position for a SR NNEYY, 1 = due to non-local velocity sampling.
pitching turbine with (f, A,) = (0.60,1.9°) at different downstream T, ALIB | = » The tower generated a broad wake spectra while the
locations, z = 0.5R,1.5R,2.5R. 127 S AL-DM It . - . . .
- ES s inclusion of the nacelle prevented jet formation which
» At r = 0.5R, the spectra eXhIEIt distinct peaks at the a2 1 a0 was shown to suppress the wake spectra.
_ s _ 1 = = . .
platform-motion frequency f7, the blade-passing ) ili - 1“;"43 * 5; = of f » For the motions examined, the tower and nacelle had
fr*equepcy fgf,*aﬂd th*e|r associated combination tones /D[] ©/D -] minimal impact on pitch-induced coherent structures
fy £ f,and fy £2f. | % ) but amplified roll-induced wake meandering.
» The tower wake generates a broadband spectra in the Figure 5. Coherent velocity contours at 7 = 0.5 and coherent standard deviation of the » AL-DM incurred a significantly higher (4.33 x)
lower half of the wake. The characteristic frequency integrated velocity for (a,c) a pitching turbine and (b.d) a rolling turbine with o computational cost compared to the AL-IB representing
of this is underpredicted by the AL-IB relative to the (f;,Ap) = (0.60, 1'.90) and (0.30, }.90), respechyely. The planes are Io‘cated at the |rj|ha| hub a major strength of the AL-IB.
Al-DM height. The velocity component is chosen to align with the platform induced velocity.
> The spQrious nacelle jet produced by the AL-XX » Platform motions generate large scale coherent structures, as can
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