
Reply to the Reviewer 1: 
Dear Reviewer, 

Thank you for your positive comments. It is nice to hear that the way of writing and figures are 

clear as a significant amount of effort and iterations were done to reach the current version of 

the manuscript. By addressing and incorporating your comments significantly strengthened  

the revised manuscript. Comments from the reviewer will be headed by Comment: the 

response from the authors is headed by Response: and the implementation of the response 

in the manuscript will be marked by Action: after which the changes will be shown. 

Main comments Reviewer 1: 

Comment: In the abstract, the authors highlight that the expected gain in average wind speed 
is more sensitive to excitation frequency for floating than bottom-fixed turbines (this is 
supported by Figure 9). However, I think an equally of not more important conclusion is that 
the "gain in average wind speed" (i.e. the enhanced wake recovery) by applying Pulse control 
is lower for floating than for bottom-fixed turbines due to turbine motions. If the authors agree, 
this should be added in the abstract. 

Response: Thank you for this comment. Based on the results in Figure 9 this is indeed an 
interesting conclusion. There are, however, two reasons why we chose to omit this from the 
abstract. From the onset this work is framed to see if the Pulse wake mixing strategy works 
on a floating wind turbine and if there exists a similar beneficial coupling between platform 
motion and wake mixing strategy as was seen with the Helix. A direct comparison with a 
bottom-fixed turbine wasn’t the primary focus and the main author feels that adding this to the 
abstract will distract from the previously mentioned goal of the work.  

It is also difficult to directly compare a floating turbine and bottom-fixed turbine. This is mainly 
due to the fact that in steady state a floating turbine will have a different rotor tilt angle 
compared to a bottom-fixed turbine, because of the platform pitch angle. This causes a 
upwards/downwards deflection of the wake, which increases downstream wind speed in the 
direct stream tube behind the turbine. This can potentially skew the results in favour of a 
floating or bottom-fixed turbine. 

Comment: In line 111, the authors claim that, "without loss of generality, the NREL 5MW 
mounted on an OC3 spar-buoy is used". However, in line 179, they also state that "the motion 
of the nacelle is mainly dependent on the floater design". These statements appear to 
contradict. Can the authors comment on to which extent their results can be extrapolated to 
(1) larger turbines representative of current and near-future offshore wind turbines (2) Different 
floater concepts. I expect it is difficult to generalize this, and would invite the authors to 
comment on this in the manuscript. 

Response: This is a very interesting remark, thank you for this point. Trying to formulate a 
response to this proved to be valuable for the overall quality of the paper and we personally 
enjoyed working on an answer for the work. First with respect to the sentence in line 179, it 
refers to how surge and platform pitch motion will couple, and that different floater designs will 
lead to different coupling frequencies. This might influence the motion of the nacelle when the 
platform is undergoing surging and pitching. We will clarify this in that sentence. 

Regarding point (1), different turbine sizes without altering the floater concept will be subject 
to the same coupling as described in the work. However, as rotor diameters increase in size, 
excitation frequencies for the Pulse decrease. It could well be that the ideal mixing frequency 
falls together with one of the eigenfrequencies of the floating turbine. If such a situation occurs 



it would doubly negatively impact the effectiveness of the Pulse because to reduce the wake 
interaction between turbines a different excitation frequency has to be chosen. However, this 
excitation frequency will be less effective than the ideal mixing frequency. 

Regarding point (2): A similar story holds for different floater designs, but it is more difficult to 
comment on since there are different floater concepts. The dynamics for any floating vessel 
can be modelled as a mass-spring-damper system. The mass, spring stiffness and damping 
coefficient become a function of the hydrodynamics properties of the floating system. The 
moment-arm between to the turbine thrust to the CoG of the floating turbine will not change 
depending on floater design. This means that the moment that is causing the pitching will 
always be the same, and the direction of pitching will also always be the same. The same will 
hold for the surge motion, which is a directly related to the thrust force varying over time. If the 
thrust force increases the platform will be pushed backwards and vice versa.  

Even though the basic mechanics will be the same, the magnitudes and locations of the 
resonances and anti-resonance in the tower top motion will be dependent on the platform 
design. The best way to mitigate this coupling would be to have an ultra-stiff floating turbine, 
but that would imply bottom-fixed solutions. 

In light of this comment a new subsection has been added to Section 4. This section is titled 
“Discussion”. 

Action: After "without loss of generality, the NREL 5MW mounted on an OC3 spar-buoy is 
used" the sentence “Section 4 will touch upon how the results presented in this work would or 
would not differ for different turbines and different floaters.” has been added.  

Line 179 has been changed from: “The motion of the nacelle is mainly dependent on the floater 
design (Lemmer et al., 2020).” To: “The motion of the nacelle is mainly dependent on the 
magnitude of and coupling between surge motion and platform pitch, which is a result of floater 
design (Lemmer et al., 2020).” 

The following paragraphs have also been added to the end of the results Section: 

“Based on the analysis presented in this section it is clear that the additional dynamics of a 
floating turbine do not necessarily lead to an increase in wake mixing. More importantly, one 
can conclude that when applying the Pulse whilst disregarding floater dynamics, it could lead 
to lower performance of the Pulse when applied to an otherwise identical bottom-fixed turbine. 
In Section 2 it was stated that this work uses the NREL 5MW turbine on the OC3 platform 
without loss of generality. In this section, a discussion is presented that will elaborate on this 
statement. 

Recent work presented in Broek et al. (2022) confirms the findings in this section. In that work, 
an adjoint optimization is performed to find the ideal Pulse signal for a 2-turbine floating wind 
farm, in which only the first turbine is actuated. The optimal excitation signal has a frequency 
which matches the frequency at which the nacelle is moving the least. The floating turbine in 
Broek et al. (2022) is modelled as a second-order mass-spring-damper system. Surge motion 
is represented by a translational mass-spring-damper and platform pitch by a rotational mass-
spring-damper system. 

In general, the movement of a floating structure/vessel can be modelled as a mass-spring-
damper system in which the stiffness and damping properties depend on the hydrodynamic 
properties and the mooring solution of the floater (Journée et al., 2015).  Depending on these 
values a floating turbine will exhibit eigenfrequencies in pitch and surge, which could result in 
a similar coupling to nacelle motion as for the OC3 used in this work. As the moment arm from 



turbine thrust to the centre of gravity of the system is unchanged, the coupling between Pulse 
dynamics and platform dynamics will remain the same: a change in thrust force will be 
counteracted by the resulting movement of the platform.  

The extent to which this will influence the wake mixing technique depends on the floater type 
and mooring solution. For example, tension leg platforms will show different dynamics to that 
of a semisubmersible or single spar platform  (Journée et al., 2015).The degree to which this 
coupling exists depends on their respective stiffness. Since floating wind is still a (fast) 
emerging technology, a desire to use wake mixing techniques in a floating wind farm could 
influence floater choice and/or design. 

Turbine size could also affect the overall effectiveness of the Pulse wake mixing technique on 
a floating wind turbine. The Strouhal number is, among other parameters, dependent on the 
turbine diameter. The larger a turbine is the lower the excitation frequency will be to actuate 
at a desired Strouhal number. The dynamics of the floating turbine are mainly a result of the 
hydrodynamic properties of the floater and less so the size of the turbine. The ideal mixing 
frequency of St=0.25 could therefore align with the anti-resonance in nacelle motion, leaving 
the wake mixing technique largely unaffected by the limited platform movement. An opposite 
scenario is also possible. In such a scenario a different, potentially less effective, excitation 
frequency should be chosen to get a desirable amount of wake mixing.  

It is expected that for different floating turbines the findings in this work therefore would remain 
largely the same: Given the coupling between floater dynamics and the turbine thrust extra 
care should be taken when choosing an excitation frequency for the Pulse wake mixing 
technique.” 

Comment: The authors refer to the work of Munters and Meyers (2018) (I will refer to this as 
MM18), where the Pulse concept was first identified. However, some important differences 
that complicate a direct comparison (e.g. on optimal excitation frequencies and impact on 
wake recovery) should be kept in mind which are not addressed in the paper. It would be 
useful for authors to comment on these in the paper. 

Response: Thank you for this comment. We believe that this comment will be answered by 
addressing the following two comments: 

Comment: The work of MM18 considers a turbulent boundary layer inflow, whereas the 
current work based on Qblade-Ocean appears to consider a uniform and steady inflow 
(although it is not explicitly mentioned). This significantly impacts natural wake recovery. 
Please comment on this and potentially mention it as an important area for future work. 

Response: Thank you for attending us that this distinction is not made in the current work. 
Uniform inflow produces a much more stable wake and thus wake mixing techniques will be 
significantly more impactful. When unsteady inflow is considered natural mixing will already 
be present which will reduce the effectiveness of the wake mixing technique. This has been 
researched for the Pulse and Helix in Frederik et al., 2020a for bottom-fixed turbines. It is 
expected that the results in that paper considering turbulent inflow carry over to the work 
presented in this paper and that it doesn’t affect the dynamics described. A passage 
mentioning the use of uniform inflow has been added. 

Action: The following passage has been added to the introduction of Section 2: “All the 
simulations will be run with uniform and steady inflow. This provides a best-case scenario for 
the wake mixing technique. When unsteady inflow is considered natural mixing already occurs 
in the wake which reduces the effectiveness of the wake mixing techniques. However, wake 
mixing can still be beneficial even when turbulence is considered (Frederik et al., 2020a).” 



Comment: L285: The authors mention that their finding of "at a 5D distance, the wind speed 
has converged to nearly identical values." aligns with those in Munters and Meyers (2018). 
However, Fig. 17a in MM18 clearly shows that overall power gains remain quite different for 
the different St values of 0.125, 0.25, and 0.5 presented here. Therefore, I do not follow this 
statement, please explain.  

Response: Rather than aligning with MM18 it is actually, as commented, a different finding to 
MM18. Thank you for pointing out this inconsistency. The difference between MM18 and this 
work is likely the result of using a free-vortex representation for the wake as it is prone to 
computational mixing (i.e. mixing due to numerical instabilities in the solver), especially when 
the wake is already unsettled due to the mixing. If the results were to align with MM18 one 
would expect differences in wind speed at 5D. This will be addressed in the manuscript, 
including a possible explanation as to why this difference exists. 

Action: The passage mentioned in the comment has been changed to: “These findings are 
different with respect to the work presented in MM18 in which there is a difference in energy 
capture for the different Strouhal numbers. This is likely a result of using a vortex 
representation to model the wake as it is prone to wake breakdown due to numerical 
instabilities in the wake. This accelerates the mixing process. For the floating cases, there 
remains a distinct difference in wind speed, where the St=0.25 outperforms both other pulse 
cases over the entire domain.” 

Minor / typographical comments Reviewer 1: 

Comment: In table 1, the maximum wake length is shown as "100 Rotor Diameters". In the 
accompanying text, the authors indicate that the wake is cut off either when this length is 
exceed, or the maximum number of wake elements is reached. Does this setup length of 100 
diameters effectively mean that the latter condition is always the most stringent? If not, 100 
Rotor diameters appear excessive for the purposes of this paper. Can the authors shortly 
comment on this? 

Response: This is indeed the case with these values. Depending on number of wake 
elements originally created, which are also influences by settings, it can become restrictive. 
When setting up the simulation 100 Rotor Diameters is a default setting and kept at that value. 
There is no particular reason for it. A short text on the trade-off between these settings will be 
added. 

Action: The following passage has been added after table 1: “The final length of the wake is 
a trade-off mainly between these settings. Throughout the simulations carried out in this work, 
the wake reduction was the most stringent setting when it comes to the number of wake 
elements as they were removed before reaching either the maximum number of wake 
elements or the maximum wake distance.” 

Comment: Page 7, L 157: Can the authors add a short comment that, as described in MM18, 
the Pulse only works for freestream turbines, and that, for waked turbines further research is 
needed? 

Response: A sentence will be added to Section 3.1 to address this comment. 

Action: The following sentences have been added: “This method only works for free stream 
turbines and not necessarily waked turbines. If a similar type of actuation is beneficial for 
waked turbines requires further research.” 



Comment: Page 11, L216. "the Pulse becomes less effective as the blades are pitching at a 
too high frequency" add why the high frequency causes an ineffective Pulse, e.g. since the 
wake roll-up dynamics are not receptive to these high frequencies. 

Response: Thank you for this suggestion, this statement will be clarified. 

Action: The sentence has been changed too: “… blades are pitching too quickly to excite the 
wake roll-up dynamics”. 

Comment: Figure 4, bottom panel: I assume the ylabel should be "Phase" and not "Gain". 

Response: Thank you for spotting this! It should have been phase rather than gain. This will 
be changed. 

Comment: Page 14, L268: "This section analyzes the wind speed in the wake, another 
measure for wake mixing", I would suggest a different phrasing, as the wind speed in the wake 
is the direct product of enhanced wake recovery / wake mixing, not just another measure. 
Related, I suggest the authors amend the statement at the end of section 4.1 as "This is likely 
reducing the overall effectiveness of the wake mixing strategy, as investigated in the next 
section". 

Response: This is a nice suggestion, and it strengthens the work presented. The direct 
relation between wake mixing and the wind speed in the wake will be clarified in those 
sentences. 

Action: The two sentences have been changed to: “This section analyzes the wind speed in 
the wake, which is directly related to wake recovery due to wake mixing” and “This is likely 
reducing the overall effectiveness of the wake-mixing strategy, as investigated in the next 
section.” Finally, in the conclusion the last sentence of the first paragraph has been changed 
to: “The dynamic coupling between thrust and the resulting nacelle displacement is such that 
at certain frequencies the large nacelle displacement results in lower downstream wind 
speeds, a direct result of a reduction in wake mixing.” With the italic part being added. 

Comment: Figure 7 makes mention of a velocity profile for visualization, yet the figure does 
not show profiles, but a wake visualization and a planar color plot. Can the authors describe 
what is exactly shown in the figure? (e.g. the locus of wake elements on the left and contours 
of axial velocity on the right?) 

Response: Thank you for this comment. It lead us to look at all the captions in the work with 
this comment in mind. We believe that the figures are much clearer now.  

Action: The caption has been expanded to: “A screenshot from QBlade during one of the 
floating simulations. The left floating turbine shows the wake as represented by the free vortex 
implementation. Each black line in the wake represents a vortex element. The contraction and 
expansion of the wake as a result of the time-varying thrust force are clearly visible in the 
wake. A 2D velocity plane of the same wake is shown on the right-hand side. The bright green 
colour signifies areas of higher wind speed and blue areas denote areas of low wind speed. 
Each point in the velocity field is calculated with respect to each of the vortex elements. If a 
point in the velocity grid is very close to a vortex element it can lead to higher than free stream 
wind speeds in wake due to the nature of calculating the induced velocity.” 

Comment: Some of the captions can be a little more descriptive to aid the reader to distinguish 
between plots. For example, in Figure 8, can authors please add in the caption that the top 



panel is at St = 0.125, etc. It is included in the labels, but mentioning this in the caption makes 
it easier to distinguish. 

Response: Captions will be looked at across the paper and points like these will be 
considered, see also the previous point. 

Action: The mentioned caption has been expanded to: “Average wind speeds over the 
analyzed domain for all simulations. Each floating simulation is compared to its bottom-fixed 
counterpart. Also included in the graphs are both baselines. The top figure shows all the cases 
for which the excitation frequency is St=0.125, the middle figure has all the cases for St=0.25 
and the bottom figure the cases with St=0.5.” 

Comment: The authors comment on computational cost / time a few times throughout their 
paper, especially when referring to choices in the simulation setup. Can they illustrate this by 
mentioning an order of magnitude for the QBlade-Ocean frequency and time-domain 
simulation times? 

Response: This would be difficult to compare with alternative methods, since computation 
time is heavily dependent on simulation settings. For the simulations carried out in this work, 
a single simulation to generate the downstream wind speeds typically took around 10 hours 
to complete. Post-processing the data typically took 1-2 hours. Comparable LES simulations 
would probably take in order of a week to run. The frequency response simulations used 
unsteady BEM and were all run over the span of a night.  

--------------------------------------------------------------------------------------------------------------------------- 

 
 
 
 
 
 
 
 
 
 


