
Review: Investigating the dynamics of floating wind turbine

wakes under laminar inflow using large eddy simulations

General Comments:

This paper uses LES of a lab-scale DTU10MW turbine to study the wake behaviour of a single
floating wind turbine under a number of different prescribed motion cases, using two Strouhal
number and amplitude combinations per case. It is shown that high Strouhal number motions lead
to a faster wake recovery, and that prescribed motions with the flow-perpendicular components
have a larger impact than those only in the streamwise direction. This topic is an interesting and
novel field of research that is relevant to the Wind Energy Science journal.

However, the paper has some serious flaws. The most concerning is the extremely small domain
size (specifically in the frontal area) which results in a very high blockage (≈ 8.5%) which will
substantially influence the results, particularly when a prescribed motion is being studied. The
results provided in the paper show clear evidence of this, but it is very rarely mentioned or explained.
For example, there is a cut-off at the top of all cross-flow wake plots because the domain is so small
(see Figures 6, 9 and 13), and the interaction of the wake with the top boundary of the domain
appears to impact the results in many other plots (see Figures 7b, 19 and D5). Lines 465- 475
(near the end of the results) is the first place where the impact seems to be noted, with comments
such as ‘the shear layer near the top wall interacts with it relatively upstream’, and ‘the shear layer
growth stops upon the interaction with the top boundary’. The justification ‘it is still relevant
to observe it because real floating turbine wakes are effectively bounded by the water on one side
and may, therefore, present this particularity’ suggests a fundamental misunderstanding of what
is occurring in results (which is a purely setup-induced issue) versus what a real floating turbine
wake would experience. The reader only learns in the first paragraph of the conclusions that the
computational setup is supposed to replicate the POLIMI wind tunnel. However, only in Appendix
C is any comparison with experiments shown (only thrust and torque), and the paper overall is
presented not as a validation against experiments but as a novel piece of research on floating wind
turbine wakes. Therefore, the influence of the domain size must tested by rerunning a subset of the
simulations in a larger domain with significantly reduced blockage (< 3%), with the option to rerun
all simulations if necessary, or the paper should be rewritten to be a comparison with experimental
data and therefore foreground the comparison with the POLIMI wind tunnel.

In addition, the paper is extremely long and should be made more concise, with some figures and
descriptions removed. Many of the key simulation setup details are missing, unclear or only found
in the Appendices, and hence the results would be very difficult to reproduce. Some of the key
choices in setup (Strouhal numbers, domain size, laminar flow, lab-scale turbine) are not justified
or are only mentioned in the conclusions. The paper would also benefit from a discussion section
before the conclusions in which the main findings are clearly stated and compared to other work,
and the shortcomings of the study explored.

Therefore, in light of the need to run a substantial number of additional simulations and conduct
significant restructuring and rewriting of the paper, I cannot support publication.

See specific comments below.
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Introduction:

General comments: Overall I think that the introduction lacks sufficient motivation for the study,
and the research gap that the paper seeks to fill is not sufficiently clarified. I think it would be
preferable to remove some of the more lengthy descriptions of previous work and focus more on
interpretation and clarification of what novelty this work provides.

Suggested additional references: Gupta and Wan 2019, ‘Low-order modelling of wake meandering
behind turbines’ (regarding meandering and amplification of inflow perturbations); Xu, et al., 2023,
‘Numerical Investigation of Aerodynamic Responses and Wake Characteristics of a Floating Off-
shore Wind Turbine under Atmospheric Boundary Layer Inflows’ (regarding influence of ambient
TI on FOWT wakes); Hodgson et al. 2023 ‘Effects of turbulent inflow time scales on wind tur-
bine wake behavior and recovery’ (regarding interaction between inflow scales and wake recovery/
spectra).

Methodology and Setup:

Line 137: Personally not sure that stating the Navier-Stokes equations adds much.

Line 140: Reference needed for the actuator line model - Sørensen and Shen, 2002 ‘Numerical
Modelling of Wind Turbine Wakes’.

Line 143: You say that the AL is included as a velocity source term, is that what is usually done?
I think it is normally applied as a force term, not a velocity, so perhaps this requires clarification.

Line 146: Why use an unstructured grid when you are using the AL which is designed to work in
structured grids? Will this have an impact on your results?

Line 150: It is unclear why you are modelling a scale model of the DTU10MW turbine, rather than
just the 10MW turbine itself, seeing as you are using LES. From the results in the Appendices I
assume that it is to do with comparison with experimental data, but the experimental data is not
actually used in this paper, and there is no explicit justification of this choice anywhere.

Line 176: There is a lack of justification of the use of laminar flow - the Introduction section implies
that this can significantly affect the results (e.g. Messmer et al., 2024), and one of the reasons stated
in the Appendix for the discrepancies with the experimental data is that there was some TI in the
experiment.

Line 180: I think it is fine to include a fixed bottom case, but in general do you think it is an
appropriate baseline to compare to? In the prescribed motion cases, energy is being added to the
system through the turbine motion, whereas it is not for the fixed bottom case.

Line 183: Further justification of your choice of Strouhal numbers is required, also in relation
to what has been studied in the literature. The two values chosen are very high and very low
compared to previous work, so it should be made clear why and how this choice was made. Also,
only considering two points makes it very difficult to see trends in results.

Line 198: I have serious concerns about the domain size used in the simulations. It seems clear the
blockage will be an issue as your blockage is 8.5% which is significantly larger than the recommended
< 3%. In addition, I assume that this is why there are black cut-off regions at the top of all wake
plots and why some plots of vertical shear layer expansion are not included as there is interaction
with the top of the domain.

Line 198: There is no justification stated for this domain size choice, which seems to be the
comparison with the POLIMI wind tunnel, but this is only stated in the first paragraph of the
conclusions.



Line 203: Report the mean grid resolution in the refined region, not the maximum. Also report
the size of the refined region in the text.

Line 206: After examining the results presented in the Appendix, I am not sure about the claim
that the setup has been ‘validated extensively’. There are discrepancies in thrust and torque in
Figure C1 and the only explanation given is the slight turbulence and the smearing parameter of
the AL. I understand that matching experimental data is challenging, but I think that presenting
these plots as a comprehensive validation is misleading.

Line 210: Where are the numerical details of your simulation? Total time, time over which data is
analysed, time step, details of the AL method including smearing parameter etc? I see that many
of these are written in the Appendix but they should be written in the methodology section.

Wake:

General comment: This section should be named Results.

Line 218: State the averaging time and total time in the methodology, the reader should not have
to refer to the Appendix to obtain key details of the setup. Also clarify the method used, e.g. in
Appendix B you refer to eight periods of the ‘largest simulated frequency’, is this the lowest or
highest frequency?

Line 231: In my opinion the paper becomes a lot less readable when a huge amount of results are
presented in the Appendix and then a small subset is reproduced in the main text, as it becomes
very confusing - is the reader supposed to look at all results to see the conclusions you draw or
just the subset given? For example, in Figure 6 I am not sure that the extra wake excitement for
high St flows is visible except for the SwHS case. I would prefer removing the full results from the
paper and presenting a clear and concise subset instead.

Line 250: Could the behaviour after x∗ = 4 (e.g. a drop/ flattening of the relative wake recovery)
be due to interaction with the domain boundary as the wake expands downstream?

Line 257: Please justify why your Strouhal numbers are so different to previous work rather than
just stating it.

Line 294: In Figure 9, does the increased turbulence intensity around the wake edge at x∗ = 2 not
just reflect the movement of the turbine, and hence provide a quite biased view of implications for
the wake behaviour?

Line 304: In Figure 10, clarify whether the percentages in Figures b) and c) are relative or absolute,
as the unit on all three plots is percent.

Line 306: ‘The link makes sense because there is more momentum available for entrainment...’ Not
entirely sure what you mean by this sentence, needs clarifying or removing.

Line 369: In Figure 12, can you clarify why there are two lines (both full and dashed) for the FB
case?

Line 423: Can you explain more clearly how you created the plots in this section, when the position
of the turbine (and then consequently the position of the near wake) is moving? And how does the
turbine motion affect these plots?

Line 429: Overall I find this section, in particular Figures 16-18, to be quite confusing and difficult
to interpret, as it seems to be based on an arbitrary threshold for defining the shear layer thickness
and is used somewhat inappropriately as a proxy for energy entrainment or momentum transfer
into the wake. I would suggest instead looking at energy transfer through reynolds stresses, mean
kinetic energy transport or TKE advection (all of which can also help in defining the near wake



length) - see Wu and Porte-Agel 2012 ‘Atmospheric turbulence effects on wind-turbine wakes: An
LES study’.

Line 454: The few sentences starting with ‘The explanation for the merger-recovery coincidence is
also intuitive’. You seem to be implying that the wake only starts recovery after the shear and hub
vortices are merged, and specifically starts recovering because it ‘can only expand outwards’? I
don’t think this is a correct description of near wake behaviour and at best is extremely speculative,
so this should be removed.

Lines 465 - 475: I find these section extremely worrying regarding your simulation setup. Statements
such as ‘the turbine is closer to the top wall than to the bottom wall’, ‘the shear layer near the top
wall interacts with it relatively upstream’ and ‘the shear layer growth stops upon the interaction
with the top boundary’ seem to provide evidence for my concerns in the simulation setup that
your computational domain is far too small and that this significantly impacts your results. The
justification that ‘real floating turbine wakes are effectively bounded by water on one side and may,
therefore, present this particularity’ I find to be wholly unconvincing. The real world implications
of having a ground plane below the turbine (where the velocity is zero, as there is roughness in
reality) are completely different to artificially introducing a slip boundary in the high-velocity flow
directly above the turbine.

Line 488: Figure 19 seems to clearly highlight that the domain is too small to properly examine
the wake flow?

Line 498: ‘The amplitude in the y direction is much larger than that in the z direction but no
considerations can be drawn from this fact since the wake is rotating’. Isn’t this just because the
prescribed motion is lateral?

Line 534: I don’t think that having amplitude plots for all three of wake velocity, shear layer velocity
and wake centre velocity are necessary, particularly when no effort is made to compare them.

Conclusions:

General comment: This paper needs a discussion section before the conclusions. In a discussion
section you should give a summary of your main findings (and therefore can shorten the conclusions
to be more concise), discuss the implications of those findings, and then discuss the shortcomings of
your work and give justifications. For example - the choices of Strouhal number, the choice to have
laminar and uniform inflow, to model a lab-scale turbine, etc. These should not just be left to a
few sentences at the end of the conclusions but need to be explored in detail both in the simulation
setup and in a discussion section.

Appendices:

General comment: As mentioned in previous comments, key details of the simulation setup should
not only be stated in the appendices, but must be included in the main body of the text.


