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Abstract. The platform motions of floating offshore wind turbines generate
unsteady wake dynamics that affect downstream power production and fatigue
loading. Modelling floating wind farm performance therefore requires an im-
proved understanding of these wake dynamics. However, the aerodynamic influ-
ence of the tower and nacelle is commonly neglected in numerical simulations.
This study has two objectives: (i) identify the influence of the tower and nacelle
on wake dynamics for different platform motions, and (ii) quantify the ability of
lower-fidelity meshless methods as a means to avoid costly dynamic meshing. The
results demonstrate that while blade-scale effects associated with the tower and
nacelle are not fully resolved by lower-fidelity methods, the dominant platform-
induced wake dynamics are captured well. Furthermore, the impact of the tower
and nacelle model on wake coherence appears to depend on the platform motion
degree of freedom: for the motion frequencies and amplitudes explored, inclusion
of the model amplifies wake meandering for rolling, while pitching-induced wake
dynamics are largely unaffected.

1. Introduction

In recent years, the floating offshore wind energy sector has seen rapid growth, with farm-scale
deployment now commencing [1]. As a result, minimising sources of inefficiency, such as wake
losses, has become increasingly important. Achieving this requires an understanding of the
complex wake dynamics induced by unsteady floating platform motions. Due to the large range
of spatial and temporal scales present, Blade-Resolved (BR) simulations become prohibitively
expensive. As a result, reduced-order models such as the, Actuator Line Method (ALM) [2],
are commonly used for virtual blade representation [3-5]. However, this blade-only modelling
strategy typically neglects potentially important aerodynamic effects associated with the tower
and nacelle.

The influence of the tower and nacelle aerodynamics has been investigated for fixed-bottom
wind turbines. [6] demonstrated that the interaction between the tower wake and the rotation of
the rotor wake induces downstream wake asymmetry. [7] observed enhanced wake meandering
when a nacelle model was employed. At utility scale, the tower was shown to disrupt the
formation of coherent vortex sheets in the turbine wake [8]. [9] showed that the tower and
nacelle cause deviations from the Gaussian profile assumed by many wake models. [10] showed
that low-frequency modes, generated through nonlinear interactions between the tip and tower
shed vortices, contribute to wake recovery.

The introduction of floating platform motions adds further complexity to the role of the
tower and nacelle in shaping wake dynamics through the addition of platform motion related
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timescales. Accordingly, the present study has two primary objectives: (i) to compare meshless
and body-conforming approaches for modelling the tower and nacelle as a means to alleviate
the requirements of dynamic mesh methods, and (ii) to identify how prescribed platform motion
characteristics influence the impact of the tower and nacelle on wake dynamics.

The remainder of the paper is organised as follows. Section 2 describes the numerical setup,
including the tower and nacelle modelling approaches and the mesh convergence test. Section
3 presents comparisons with recent experimental measurements and BR numerical simulations,
before applying the methodology to examine the influence of the tower and nacelle under two
representative prescribed platform motion cases. Finally, Section 4 summarises the main findings
and outlines directions for future work.

2. Methodology

2.1. Test case

The NETTUNO experimental campaign was selected as the validation case owing to the avail-
ability of recent experimental measurements and BR simulation results. The campaign was
conducted using a 1:75 scale model turbine subject to prescribed sinusoidal motions in low-
turbulence (intensity ~ 2%), uniform inflow conditions [11]. The imposed platform motions
are characterised by a reduced frequency f; = f,D/Us and amplitude Ay, where f, denotes
the platform-motion frequency, D the rotor diameter (2.38m), and Uy, the freestream velocity
(4ms~1). The wind tunnel section had a width and height of 5.28D and 1.61D respectively,
resulting in a blockage of 8.4%. To study solely the aerodynamic response of the turbine to pre-
scribed motions, the turbine was operated at fixed blade pitch and constant rotational speed.

2.2. Numerical setup

The numerical setup is configured to replicate the NETTUNO experimental test conditions.
The wind tunnel blockage is approximated using a wall-modelled approach to replicate the ef-
fects of the wall boundary layers. The inflow turbulence is reproduced using the divergence-free
synthetic eddy method of [12]. Turbulence is modelled using Large Eddy Simulation (LES)
employing the wall-adapting local eddy-viscosity for turbulence closure [13]. Here, LES was se-
lected for its superior accuracy in resolving platform-motion-induced wake dynamics compared
with alternatives such as unsteady Reynolds-averaged Navier—Stokes simulations [5]. The trans-
port equations are solved with a limited second-order finite volume method using the pressure
implicit split operator method.

The turbine blades are modelled using the ALM, which treats them as momentum source
terms based on tabulated lift and drag coefficients. This approach removes the need to resolve the
fine-scale geometry necessary for accurately capturing blade flows and has been previously used
to model floating turbine wake dynamics [4]. [3] demonstrated that the ALM has a tendency
to overpredict the tip vortex core radius while underpredicting its strength when compared
to alternatives such as free vortex wake methods. Although this remains a limitation of the
approach, the underlying finite volume framework enables the use of synthetic eddy methods for
turbulence reproduction and thus a better representation of interaction between the freestream
and the wake, potentially outweighing these limitations. The ALM used in this study was
previously validated for bottom-fixed and floating turbines [14-16]. The potential flow velocity
sampling method of [17] is used to compute the forces of the virtual blades, which are then
convolved with a Gaussian kernel of width ¢ = 2A, where A is the cell size. Sampling was
performed outside the primary force-imposition region, at a radius of rs = 3.3¢. The timestep
was selected to be the maximal value such that the blade tip does not travel more than a cell
size in a time step, At < A/mwDf,, and satisfies f,At =i € N, where f, is the rotor frequency.
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In the present study, two methods for representing the dynamic motions of the tower and
nacelle are investigated: a Dynamic Mesh Method (DMM), and an Immersed Boundary Method
(IBM). The former solves a mesh displacement equation V - (yVd) = 0, where d is the vector
describing the point displacement and ~ is a diffusivity defined to be the inverse of the distance
to the moving body. The solution of the mesh displacement equation is then used to modify the
mesh and compute the resultant fluxes. The near-wall behaviour is modelled using a wall model.
The IBM is a Brinkman penalisation method as described in [18]. This method applies a forcing
described by f = xsA(u — us), where x5 € [0, 1] is a mask describing the immersed solid, \ is
a penalisation factor, w is the fluid velocity, and us is the velocity of the immersed solid. The
parameter A is chosen to supply sufficient forcing without incurring excessive numerical stiffness.

2.8. Mesh convergence

Figure 1 illustrates the mesh refinement employed in the present study. The finest region was
designed to adequately resolve near-wake dynamics while limiting the overall cell count. An up-
stream refinement region extends to the inlet to preserve the transport of small-scale turbulence.
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Figure 1. Mesh refinement regions shown from the side (a) and top (b). Inflation layers along the wind
tunnel walls are not depicted.

To determine the optimal cell refinement, results from three different mesh resolutions are
compared. Each simulation models the same pitching turbine with a DMM tower and nacelle
undergoing pitching motions characterised by f7 = 0.60 and A, = 1.9°, and subject to uniform
laminar inflow. The mesh discretisation in the vicinity of the turbine is given by D/A =
240, 200 or 160. Figure 2 depicts the coherent component of the rotor thrust and the streamwise
component of the wake at 0.2D downstream of the initial rotor plane. The coherent component
of the thrust is defined to be T = (T') — T where (-) and - denote phase and time averages,
respectively, with phase averaging performed over many cycles defining a platform phase 7 =t f),
(mod 1) = tf, — |tfp], where ¢ denotes time.

Figure 2a demonstrates that all mesh resolutions produce comparable oscillation amplitudes
in the rotor thrust associated with platform motions. However, the amplitude of the tower-
shadow effect is overestimated by the coarsest mesh, likely as a result of the larger ALM sampling
radius. Good agreement is observed between the two most resolved cases. A small (< 1%) change
in the time-averaged thrust is observed between the coarsest and finest meshes; however, this
difference is considered negligible and is primarily attributed to the ALM rather than the tower
and nacelle modelling.

Figure 2b illustrates the time-averaged mean and standard deviation of the streamwise ve-
locity in the near wake. The mean profiles are generally consistent, although some discrepancies
are observed near the wake centreline (y ~ 0). The standard deviation is underpredicted by the
coarsest mesh while the two finer meshes are in agreement. Based on these results, D/A = 200
was selected for all subsequent simulations to avoid unnecessary computational expense. A sep-
arate mesh convergence study is not presented for the IBM, as the objective is to compare the
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Figure 2. Mesh convergence comparison using three grid resolutions for a pitching turbine with
(f5:Ap) = (0.60,1.9°). (a) Coherent component of the rotor thrust. (b) Time-averaged mean streamwise
velocity profile at 0.2D downstream of the rotor plane at hub height, where y is the cross-stream direction
and R is the rotor radius. Shaded regions indicate +1 standard deviation from the mean.
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Figure 3. Contour of the ratio of resolved to total turbulent kinetic energy for a pitching turbine with
(fy:Ap) = (0.60,1.9°) and an IBM tower and nacelle model.

two models on the same background mesh rather than assess their convergence characteristics.
To assess the suitability of the mesh for LES, the ratio of the resolved to total turbulent
kinetic energy was evaluated on a streamwise slice, figure 3, for a turbulent inflow simulation.
Almost all of the domain resolves greater than 90% of the turbulent kinetic energy with only
a small region where the tip vortices meet the tower resolving approximately 70%. This region
is confined a few cells and is therefore assumed not to significantly affect the downstream wake
development. The use of this mesh resulted in a maximum Courant number of 0.31.

3. Results

3.1. Comparison to experimental & blade-resolved results

The methods are evaluated through comparison with the recent experimental measurements
of [11] and the BR numerical simulations of [19]. The experimental data provides validation
against the physical response of the system, whereas the numerical simulations provide access
to high-fidelity quantities such as the blade spanwise loading distributions. A single case is
compared, characterised by pitching motions with f; = 1.19 and A4, = 0.3°.

The BR simulations employed a fully body-conforming approach, with the blades, tower,
and nacelle explicitly meshed. Rotor rotation and platform motions were modelled using an
innovative combined sliding and deforming mesh method. The blade boundary layers were
resolved without the use of a wall model, and the RANS equations were closed using the k — w
SST model [19]. This modelling choice represents a key distinction between the BR reference
data and the present work. The ALM framework enables computationally feasible simulations
with scale-resolving turbulence closures, at the expense of accuracy in blade load distribution,
unsteady aerodynamic response, and near-wake turbulence production.
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1 | — | Table 1. Time-averaged thrust and ampli-
tudes of thrust oscillations for a pitching tur-
bine with motions characterised by (f;, A,) =

= o 1 (1.19,0.3°).
&~ — AL-XX —BR-DM Y/ B X .
. —AL-IB —EXP | TIN] AT [N]  AT¥ |N]
AL-XX 3571  0.955 0.027
0 0.2 0 06 08 1 AL-DM 35.76  0.965 0.207
T[] AL-IB 35.66  0.949 0.325
BR-DM[19] | 35.01  1.015 -

Figure 4. Coherent component of the rotor thrust under EXP [11]

pitching motions characterised by (f,, 4p) = (1.19,0.3°). 36.19 0.957 -

Figure 4 presents the coherent component of the rotor thrust. Here AL-XX refers to the
ALM with no tower and nacelle model, AL-IB and AL-DM correspond to the ALM combined
with IBM and DMM representations of the tower and nacelle respectively, BR-DM is the BR
data of [19], and EXP refers to the experimental measurements of [11].

Owing to a blade mass imbalance, the experimental measurements are low-pass filtered at
a cut-off frequency of f = 3Hz = 0.75f,.. Consequently, no blade-tower interaction can be
observed in T', and therefore comparisons with EXP are restricted to the rotor response at the
platform motion frequency. Furthermore, due to the location of the load cell, the EXP thrust
includes contributions from the nacelle.

Focusing first on the response of the rotor to the platform motions, all numerical approaches
show good agreement with the experimental data, exhibiting a harmonic response in the rotor
thrust with approximately the same amplitude and no appreciable phase differences. This
is confirmed by the amplitude of the rotor thrust at the platform reduced frequency, ATY7,
tabulated in table 1. The same table indicates agreement in the time-averaged thrust, T, with
all numerical predictions lying within the experimental uncertainty [11].

Differences between the modelling approaches become apparent when examining the ampli-
tude of the thrust oscillation at the blade-passing frequency, AT’? . Both the AL-DM and AL-IB
methodologies substantially overpredict the amplitude of the tower-shadow effect relative to the
BR reference case. This behaviour can be attributed to the non-local flow sampling performed
during the ALM force calculation. The tower-induced velocity deficit pollutes the calculation
of the angle of attack and relative velocity used to find the virtual blades’ lift and drag forces.
Comparing the AL-DM and AL-IB cases further reveals that the AL-IB predicts a significantly
stronger thrust oscillation at f;. This can be attributed to the absence of a wall model in the
IBM, which results in an excessively thick boundary layer which works to enhance the influence
of the tower. The inclusion of a wall model may improve results but at the cost of the ease of
implementation and locality of the IBM. A weak oscillatory component at f; is also observed in
the AL-XX case, which is attributed to blade-tip proximity to the wind tunnel ceiling, leading
to a small inflow asymmetry.

Figure 5 shows the coherent component of the normal force per unit blade length, F},, at
three selected radial blade locations. Consistent with the thrust response discussed previously,
both the AL-DM and AL-IB configurations substantially overpredict the tower-blade interaction,
which is evident at all radial positions. The response to the platform motion is generally well
captured across the span, with the closest agreement observed at the mid-span. The near-hub
and near-tip sections show good overall agreement but exhibit noticeable discrepancies, which
may be attributed to 3D flow effects present in these regions. These include spanwise flow and
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Figure 5. Coherent component of the normal force per unit blade length at three different blade sections
(r =0.25R,0.47R,0.91R) for the blade in the vertical position at 7 = 0 for a pitching turbine with motions
characterised by (f;, A,) = (1.19,0.3°).

tip and root vortical structures that cannot be directly resolved by the ALM due to its use of 2D
aerofoil polars. The inboard section (r = 0.25R) shows noticeable differences between the ALM
configurations and the BR data. This is likely due to the ALM’s inability to realise dynamic
effects such as platform-motion-induced stall that occurs within this region [19].
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Figure 6. (a) Time-averaged streamwise velocity and (b) turbulence intensity profiles at 3D downstream
of the initial rotor position for a pitching turbine with motions characterised by (f,, 4,) = (1.19,0.3°).

Figure 6 presents the time-averaged streamwise velocity, %,, and turbulence intensity, I,
at 3D downstream from the rotor’s initial position. In the absence of a tower and nacelle model,
the AL-XX configuration produces an unphysical high-velocity core at the centre of the wake
corresponding to a jet. This forms a strong shear layer leading to enhanced turbulence produc-
tion, as observed in figure 6b. In contrast, the BR-DM, AL-IB, and AL-DM exhibit generally
good agreement in the time-averaged velocity profiles, although AL-IB produces a slightly in-
creased velocity deficit. The inclusion of either nacelle representation improves agreement when
compared to the experimental results. More pronounced differences are observed in the turbu-
lence intensity profiles. The BR-DM reference data predicts lower wake turbulence levels than
the other numerical approaches and the experimental data, which may be attributed to the
differences in turbulence modelling strategies. These results suggest that the use of LES in the
present study enables a more complete representation of turbulence production and transport
in the wake, contributing to improved agreement with the experimental observations.

Overall, results demonstrate that T and AT/# are predicted with excellent agreement relative
to the BR and experimental reference data, with both quantities showing little sensitivity to
the inclusion of the tower and nacelle models. Phase-averaged blade loads nevertheless reveal
a tower-shadow effect that is significantly over-predicted by the ALM configurations relative to
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the BR reference data, and discrepancies are observed in the blade load distributions. Despite
these differences, the wake-focused results show good agreement with the experimental reference
data. The inclusion of a tower and nacelle model improves agreement in both the time-averaged
streamwise velocity and turbulence intensity profiles. In particular, the use of LES in the present
study enables accurate prediction of downstream unsteady dynamics. These characteristics align
well with the scope of the present work, which is concerned with wake evolution rather than
blade-scale loading. On this basis, the remainder of the analysis focuses on the AL-IB and
AL-DM approaches for the investigation of platform-induced wake dynamics.

3.2. Wake dynamics

Building on the preceding analysis, this section addresses the primary objective of the present
study: to assess the impact of tower and nacelle modelling on floating turbine wake dynamics.
Two representative motion cases are considered: a pitching turbine and a rolling turbine char-
acterised by (f,,Ap) = (0.60,1.9°) and (0.30,1.9°), respectively. These cases were selected as
they are representative of operational platform motions and elicit a strong wake response [20)].

z=05R rz=15R r=2.5R

f S fr

Figure 7. Wake streamwise velocity spectra as a function of the vertical distance, z, relative to the
hub height at the initial rotor position for a pitching turbine with (f,,A,) = (0.60,1.9°) at different
downstream locations, x = 0.5R,1.5R,2.5R.

Figure 7 presents the wake streamwise velocity spectra computed over a vertical line at three
downstream positions for the pitching turbine case. In the near wake at x = 0.5R, the AL-XX
spectra exhibit distinct peaks at the platform-motion frequency f;, the blade-passing frequency
[t and their associated combination tones fy+ f7 and fy£2f;. Asymmetry is observed between
the upper and lower portions of the wake: the combination frequencies are largely absent in the
lower region, while they are pronounced in the upper region. This behaviour arises from the
asymmetric platform-induced velocity associated with pitching motion. At x = 1.5R the peaks
diminish and are no longer distinguishable by x = 2.5R. At this location, a broader spectrum is
observed reflecting the onset of the turbulent breakdown of the near wake features. Across the
wake a persistent signature at f; forms as the wake dynamics become increasingly dominated
by the platform-motion-induced dynamics. This is in contrast to x = 0.5R, where the blade
passing frequency and associated coherent tip vortices are a more prominent feature.
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Comparing the AL-XX results with those obtained using the AL-DM and AL-IB approaches
reveals the distinct differences in the near wake at x = 0.5R. In the latter cases, turbulence
generated by the tower introduces asymmetry in the wake spectra. Additional spectral content
is observed in the frequency range [f;¥, f7], which is likely associated with tower vortex shedding;
however, understanding the precise mechanism behind this is challenging given that the tower
is immersed within the rotor wake and interacts with the blade-passing flow perturbation. The
AL-IB predicts a lower characteristic frequency for this phenomenon, although the amplitude
and spectral bandwidth are captured with reasonable agreement.

Remaining at 0.5R, a pronounced peak at f; is observed in the vicinity of the nacelle
for both the AL-DM and AL-IB cases, suggesting a periodic modulation of the nacelle wake
strength induced by the platform motion. The two approaches show reasonable agreement, with
the AL-IB slightly underpredicting the oscillation amplitude. In contrast, the AL-XX exhibits
a markedly weaker response in this region, demonstrating that it is unable to capture all the
dynamics at play. Moreover, the presence of an artificial nacelle jet in the AL-XX case appears
to suppress velocity fluctuations near the nacelle, as evidenced by the low-energy band at nacelle
height that is absent in the AL-DM and AL-IB results.
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Figure 8. Time-averaged streamwise velocity contour with arrows indicating in-plane time-averaged
velocity and coherent standard deviation of the streamwise velocity at 1D downstream of the initial rotor
position for a rolling turbine with (f;, 4,) = (0.30,1.9°).

By x = 2.5R, the wake spectra obtained using all modelling approaches show relatively good
agreement. At this downstream location, coherent structures generated by the tower and nacelle
have either been advected out of the vertical sampling line by the wake rotation or have decayed,
resulting in similar spectral characteristics across all cases.

The top row of figure 8 presents contours of the time-averaged streamwise velocity, ., with
vectors indicating the in-plane mean velocity for the rolling turbine case. The inclusion of a
tower model introduces a local velocity deficit that is subsequently advected by wake rotation,
leading to pronounced downstream asymmetry. The magnitude of this deficit is overpredicted
by the AL-IB relative to the AL-DM. In addition to the streamwise velocity deficit, the presence
of the tower generates non-negligible in-plane velocity components associated with flow diversion
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around the structure, as evidenced by the reversal of the in-plane velocity direction compared to
the AL-XX configuration. As discussed previously, the inclusion of a nacelle model suppresses
the formation of a jet; however, the AL-IB, once again, overpredicts the magnitude of this effect.

The second row of figure 8 shows the coherent standard deviation of the streamwise velocity
for the same case. The coherent standard deviation, &, is defined as the standard deviation of
the phase-averaged quantity and represents the amplitude of the coherent oscillatory compo-
nent. Near the hub region, the nacelle model reduces the amplitude of the coherent oscillations,
which are most pronounced on either side of the wake centreline in the AL-XX configuration.
Conversely, the inclusion of the tower model leads to increased coherent fluctuations in the lower
left sections of the wake, as indicated by elevated values of &(u;). These results suggest that the
support structure plays a complex role in modulating coherent wake dynamics, simultaneously
suppressing and amplifying organised motions.
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Figure 9. Coherent velocity component 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 rotor hub height position.

Figures 9a and 9b depict the coherent velocity for the pitching and rolling turbine cases. As
a means to observe the evolution of wake coherence, the velocity component aligned with the
direction of platform motion is shown, namely @, (7) for pitching and @, (7) for rolling. In both
cases, large-scale coherent structures are observed in the wake as a direct consequence of the
platform motions.

Despite the smaller magnitude of platform-induced velocity (o f;Ap), the rolling motion gen-
erates stronger coherent structures associated with wake meandering, consistent with previous
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observations [20]. This is evident from the organised, stripe-like patterns in @,(7). In contrast,
pitching motion produces a less organised coherent response, with regions of positive and nega-
tive coherent velocity occurring at similar downstream locations, likely due to self-advection of
the coherent structures.

For the pitching turbine, differences between the AL-XX, AL-IB, and AL-DM configurations
appear to diminish by 5D, suggesting that the tower and nacelle have a limited influence on
wake coherence in this plane, although they may still affect wake evolution and recovery. On the
other hand, for the rolling case, the inclusion of the tower and nacelle leads to an amplification of
the wake meandering mode. This behaviour is quantified using the coherent standard deviation
of the integrated velocity, shown in figures 9c and 9d.

Rolling motions produce modes with consistently higher energy content than those produced
by the pitching motions. For pitching, all three modelling approaches yield similar &, with only
small differences at 1D and 5D. In contrast, for rolling motion, the AL-IB and AL-DM predict
a stronger meandering than the AL-XX, indicating that tower and nacelle models may enhance
wake meandering. The AL-IB and AL-DM results are in reasonable agreement, although the
AL-IB underpredicts the magnitude of the increase, despite its tendency to overestimate tower
and nacelle effects. These results demonstrate that the tower and nacelle can have a meaningful
influence on wake dynamics, however the magnitude of this influence remains dependent on the
platform motion characteristics. It is important to note that the analysis was confined to a
single-plane and would be improved upon using a volumetric approach.

3.8. Computational cost

A key consideration in selecting a tower and nacelle modelling approach is the associated com-
putational cost. Using identical numerical schemes and time-step sizes, the average compute
time per time step increases by 7.5% and 365% relative to the AL-XX for the AL-IB and AL-
DM, respectively. The substantially higher cost of the AL-DM represents a major limitation of
body-conforming approaches for floating turbine simulations.

4. Conclusions

This study investigated the influence of tower and nacelle modelling on the aerodynamic response
and wake dynamics of a floating wind turbine subject to prescribed platform motions. Two tower
and nacelle models, combined with an actuator line representation of the blades, were assessed
through comparison with experimental measurements and BR simulations.

All modelling approaches accurately reproduced the coherent rotor thrust response at the
platform-motion frequency when compared to both experimental and numerical reference data.
However, the actuator line methodology was shown to significantly overpredict tower-shadow
effects. While this limits the accuracy of blade-scale loading predictions, comparisons of the wake
demonstrated good agreement across methods, indicating that actuator line-based approaches
remain suitable for wake-focused studies of floating turbines.

Analysis of wake spectra for a pitching turbine revealed the generation of coherent modes
associated with the nacelle, as well as additional spectral content linked to tower shedding. The
absence of a nacelle model produced a spurious jet that suppressed coherent dynamics. The IBM
and DMM produced broadly similar spectral behaviour, although the characteristic frequency
range of the tower-related mode was underpredicted by the IBM. Further downstream, the wake
dynamics were dominated by a single coherent mode at the platform frequency.

For the rolling turbine case, time-averaged and coherent wake statistics highlighted the
asymmetry generated by the interaction between the tower wake and the rotational motion of
the rotor wake. Both the IBM and DMM captured tower-induced coherent fluctuations, with

10
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the IBM predicting a stronger velocity deficit than the DMM. Comparison of coherent velocity
structures further demonstrated that, while tower and nacelle modelling had a limited impact on
pitching-induced wake modes, they appeared to amplify the wake meandering associated with
rolling motions for the selected motion settings. Both modelling approaches showed reasonable
agreement in the magnitude of this amplification, indicating a consistent response across the two
methods. The distinction between pitching and rolling platform motions highlights the presence
of a complex relationship between platform motion settings and the tower and nacelle’s influence
on the wake.

Finally, a comparison of computational cost showed that the DMM incurs a substantially
higher expense than the IBM, highlighting a key practical limitation of body-conforming ap-
proaches for floating turbine simulations.

Future work will aim to further quantify the complex interplay between platform motion char-
acteristics and tower and nacelle induced wake dynamics. Extending this analysis to operational-
scale turbines, for which the relative size and thus influence of the support structure may be
reduced, represents an important direction for future work.
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