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Review for “The effect of tip-speed ratio and free-stream turbulence on the coupled wind turbine
blade/wake dynamics” - Francisco J. G. de Oliveira, Martin Bourhis, Zahra Sharif Khodaei, and Oliver
R. H. Buxton

This manuscript investigates the impact that tip speed ratio (TSR; 7 different TSRs tested) and free-
stream turbulence (FST; 3 different FSTs tested) have on both the strain acting on a wind turbine rotor
blade, and the wake of that wind turbine. To investigate the edgewise and flap-wise strain response, a
Rayleigh backscattering sensor (RBS) is integrated along the span of one rotor blade in a sinusoidal
pattern that allows for simultaneous measurements at multiple positions along the blade.

Overall, while the manuscript is well written, and the presentation of this set-up is very interesting, there
are many open questions and some potentially severe flaws in the presentation and interpretation of the
results.

The Abstract and Conclusion should be updated according to the comments.

Major

1. The resonance frequencies of the blades, the tower+nacelle, and the whole turbine are missing.
Considering that strain fluctuations are the main focus of this study, this is crucial information
to ensure that the effects are not due to resonance. Did you ensure (by measuring) that the
turbine was not vibrating during the measurements?

2. One of the main aspects of this article is said to be the “coupled wind turbine blade/wake
dynamics”. For this, the hot-wire measurements and RBS measurements are synchronized, as
described on pages 8 and 9. However, these measurements are not evaluated in a way that
actually makes use of the synchronization — the hot-wire measurements and strain
measurements are analyzed separately to then draw conclusions on how the blade is affected
by the wake. Without actual evidence, it is e.g. concluded that the St = 3 — mode of the blade
strain is due to a back-coupling of the tip vortex structures in the wake of the turbine farther
downstream. I am doubtful about this interpretation and would rather assume that the
observations are due to stronger vibrations and variations in the rotational speed (the authors
report small variations but that could still be sufficient to see harmonics) at higher turbulence
intensities and TSRs.

In a similar manner, I would assume that the strain fluctuations at the blade tip are highest
because the blade profiles are thinnest and most flexible there.

3. From the results presented here, I do not agree with the authors’ direct conclusion that the wind
turbine wake affects the blade dynamics — this to me seems like an indirect conclusion without
the necessary proof, e.g. through correlating the two signals. In [1], for example, it is shown
how the vibration-induced motion of a blade tip, through induced lift variations, modifies the
strength of the tip vortex (not the other way round).

Alternatively, I can see a direct argumentation where the flow field around the profile (with all
the structures that are shed) does impact the blade, but that does not explain the relation of the
St=3-mode to the tip vortex shedding of three blades.

4. Itis assumed that the measured strain experienced by the wind turbine blade can be decomposed
into gravitational, centrifugal, and aerodynamic strain-driven components, and that the impact
of the former two can be obtained through calibration in a quiescent atmosphere. However,
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10.

11.

Minor

unless these experiments were done in a vacuum, spinning the rotor would still also induce
aerodynamic forces, just for different angles of attack compared to U \infty = 2.8 m/s. The
presented results do therefore not show the aerodynamic component, but part of the
aerodynamic component. This should be corrected throughout the manuscript.
Error bars should be added to all figures that compare different cases (specifically 4b, 5, 11, 12,
13b, 18a+b) to allow for a proper discussion of differences.
Also, it should be added what the errors of the hot-wire measurements are.
L1 268 “At the same time, modifications of the flow features within the wake feed back into the
structural response of the blades, as the inherent wake dynamics are imprinted on them (de
Oliveira et al., 2025).” The citation is for a cylinder in turbulent inflows and does not really
match the written sentence. This should be stated clearly. Also, I am skeptical that the
interpretation can be used 1:1 for a wind turbine wake, see points above.
Figure 11/ 11. 355: most curves do not show a monotonic increase, this is only the case for
ROQOT-C and MIDSPAN-C. Also, particularly for the TIP, without error bars, the data is too
scattered to draw conclusions.
Figure 14/ discussion in 1l. 445: The distributions at the tip are not heavy-tailed, they are pretty
similar to the other positions. For better comparison, I suggest to add a Gaussian fit, preferably
the same curve for all 9 sub-plots, so that deviations from a normal distribution are directly
obvious.
Figure 17: Add the spectra for U=0 for the three TSRs.
Figure 18:

a. 18a) would be better comparable with b) if it was plotted over A, too, and the

downstream distance was color-coded.

b. Fora) and b), have respectively the same axes ranges.

c. Fig. 18b) C-St=1: the last point is not within the plot window.
Why are the results of case B only shown occasionally and not systematically?

References should be sorted according to their publishing year in the main part.

L1 35: The citation is for a cylinder. This should be mentioned instead of suggesting that the
study was done on an airfoil. There are more appropriate citations that investigate effects of
freestream turbulence on the aerodynamics of blade sections, see for example [2] and references
therein, or [1,3] for an investigation of the impact of freestream turbulence on a tip vortex.

LI 60 the statement would be true for ideal systems that do not have any delay before the
control is acting, however, e.g. [4] show indirectly how much A varies in normal operation.
That increased FST breaks down tip vortices faster has been shown significantly earlier than
2023 (e.g., [5,6]). Also, e.g. [7-9] argue more specifically that FST accelerates the transition to
fully developed turbulent wakes in general (5 for a wind turbine wake, 6 for porous disc wakes,
7 for cylinder wakes).

Ll. 204: do you mean that the measurement time was 120s and the synchronized measurement
started after the trigger?

Figure 6: The color map is saturated in fig. 6a. The range should be expanded to 0 to show the
homogeneity of your inflow.

Figure 7: The forces are typically acting on the wing’s quarter point. Also, the arrow marking
U _rel does not reach the corner of the rectangle spanned by the induced velocities.
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8. Figure 15 and discussion: The broadening of the PDFs at |y/R|<0.4 could also be due to
turbulence from the nacelle, and that in the shear layers due to the higher TI levels in general —
in accordance with Fig. 6.

What type of intermittency are you referring to here?
Adding more than 0 and -2 at the y-axis would be helpful.

9. L. 401 It looks like the references Biswas and Buxton, 2024b, Bourhis et al., 2025 are included
as a reference to “tip vortices are shed from the blade tips” and not as a support for the
fluctuating loads (which would be appropriate). If this is the case, I do not really see a reason
for the addition here.

10. L1. 521 Add that this is due to the interaction of tip vortices through leap-frogging and add the
appropriate references (e.g., [10] or [11]).

11. Ensure that you use the same notation for quantities throughout the manuscript. There are
several examples where the axes labels (e.g., L 11, € a) and text/captions (e.g., L, " a) are
different.

Typos etc.

L. 23 + corresponding reference: Porté-Agel
Eq. (2) t and 7 are not defined.

L. 169 its

L. 401 reacting more strongly
L.507T(e’_a)
L.513T(e’_a)=TI(e)-I'(e’_g)

Fig. 1 — caption: please use SI units.

Fig. 6 AU undefined

325 compared to

A SR IR ol ol
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