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Dear reviewer, thank you for the evaluation of our manuscript and your useful com-
ments. We have carefully considered them all in the revised version of the paper, as
explained below. The changes made to the manuscript have been marked in yellow in
the revised version for your convenience.

Your comment: Page 4 Line 11: What are these corrections? Are they explained in
(Bot 2015)?

Response: We have clarified these corrections in the revised manuscript, see page 4,
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lines 12-17.

Your comment: Page 4 Line 14: Wouldn’t it be useful to use the results with yaw
misalignment in this paper to validate this power reduction factor, as well as validating
the loads?

Response: The full-scale tests used in the study are done without yaw misalignment,
so these data cannot be used to validation. The wind tunnel tests on the other side
are performed with much smaller turbines in rather idealistic inflow conditions, and as
such are considered not realistic for verifying the power loss factor. In our experience
with a few other commercial wind turbines of similar size this factor is close to the one
reported by NREL in the paper in question (we added this in the text, see marked
lines 19-20 on page 4). Of course, for obtaining optimal results with AWC optimization,
this factor should ideally be determined using measurements on a case-to-case basis.
However, validation of this parameter goes outside of the scope of this paper, which is
focused on the load modeling.

Your comment: Page 4 Line 27: Upstream turbines would be next to each other ...
perhaps also unlikely, but they could also be at different distances and with different
thrust coefficients.

Response: Yes, good point indeed. Of course, cases can be constructed which give
rise to wakes in front of a turbine which are not well approximated with a bell-shaped
profile. However, most of the cases we could imagine we considered not realistic
for the majority of the real-life offshore wind farms. Extending the loads database to
model, for instance, double-bell shaped wake profiles would have given rise to a signif-
icantly larger amount of aeroelastic simulations necessary to populate the database.
It was therefore decided that the resulting increase in computational complexity does
not weigh against the expected added value in practice, and therefore it was decided
to keep the simulations limited to single bell shaped wakes. We added some additional
words to clarify this point better in the text, see the marked text on page 4 last line to
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page 5 line 4.

Your comment: Page 5 Line 4: Please specify how the wake width is defined with
respect to the Gaussian profile.

Response: A mathematical formulation of the wake profile has been included, see
marked text on page 5, lines 5-10.

Your comment: Page 6 Line 6: How far upstream of the rotor do you measure the wind
speeds in Farm- Flow, and are they affected by rotor induction? Is the wind input to
Phatas considered to be far upstream, i.e. unaffected by the rotor induction? Are the
wind speeds from FarmFlow compatible with what’s required for Phatas, and if not, how
do you correct for this?

Response: The inflow in front of each wind turbine, used in FarmFlow is undisturbed
by the rotor induction. Similarly, the wind input to Phatas is generated in the same
way (undisturbed by rotor). There are therefore no significant differences between the
properties of the incoming airflow in FarmFlow and Phatas. We have now clarified this
point in the text on page 7, lines 3-5.

Your comment: Table 1 caption - spelling of ’approach’.

Response: Typo corrected (page 7, Table 1 caption)

Your comment: General comment: Is the LUT assumed to apply to all turbines, or
was it recalculated for each turbine used in the various comparisons? If it’s considered
general, how do you scale the loads for different turbine sizes / rotor speeds / rated
powers (power densities) etc.? How would you account for turbines with or without
individual pitch control, tower and drive-train damping algorithms, and the position of
the tower frequency (and other frequencies) with respect to rotational frequency and its
multiples? These effects can significantly affect loads. So can the detail of the control
design.

Response: Yes, valid comment of course. The LUT database is created with a wind
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turbine model and controller according to the current “common practice”. As such, it
may not be representative for specific cases such as wind turbines with soft-soft towers,
low induction rotors, and advanced control algorithms including IPC, tower damping,
LiDAR-based control etc. For the more standard cases, the results from this paper
suggest that the LUT approach is suitable for different wind turbine types when it comes
to predicting the load trends (making it possible to judge whether under AWC loads
increase or decrease, and by how much), rather than the absolute loads. This comment
is now added at the end of the Conclusions section (see last paragraph).

Your comment: Page 10 Line 11: spelling of ’from’.

Response: Typo corrected (page 10, line 14)

Your comment: Section 4.1 - Mexico experiment, Page 11, Line 3: "LUT loads mod-
eling seems a viable approach for predict" (typo "predicting") Why not strengthen this
conclusion by running comparative BEM calculations without wind shear for these con-
ditions?

Response: Good point. Comparison of the Mexico measurements to BEM calculations
without shear has already been done in the past in Boorsma (2012). The results there
indicate that the conventional BEM implementation in Focus/Phatas give a rather good
prediction of the load trends due to misalignment, and confirm the findings here. Also,
the lowest loads at non-zero misalignment is confirmed by the simulations. We added
a reference to that in the text (page 11, line 14).

Your comment: Page 11, Line 9: plural of ’vortex’ is ’vortices’

Response: Corrected.

Your comment: Section 5 Validation by full-scale measurements: For the tower, agree-
ment on magnitude is actually poor, especially in low winds, and especially in the waked
sectors. This is perhaps not so surprising at 90 deg since T2 is then in a multiple-wake
situation – this might also explain the discrepancies in the blade loads. Can any other

C4

https://www.wind-energ-sci-discuss.net/
https://www.wind-energ-sci-discuss.net/wes-2019-34/wes-2019-34-AC1-print.pdf
https://www.wind-energ-sci-discuss.net/wes-2019-34
http://creativecommons.org/licenses/by/3.0/


WESD

Interactive
comment

Printer-friendly version

Discussion paper

explanations be suggested for the tower load discrepancies?

Response: Yes, good point. We added the following text at the end of Section 5 (bottom
of page 14):

“With respect to the tower loads, the LUT loads predictions are not good, especially
for the lower wind speeds. It is observed that the measured tower loads seem quite
insensitive to waked inflow conditions. This observation is similar to the one made in
Section 4.2 for the wind tunnel experiments, where the inertial loading due to rotor
imbalance was suggested as the possible cause for this. Since he wake effects on the
loading are clearly seen in the blade loads here, significant rotor imbalance seems like
a plausible reason here as well. However, time series data was not readily available to
verify this. In the near future, new full-scale measurements with another turbine type
will be performed on turbines with and without yaw misalignment and operating in a
wake situation, which is expected to give new insights and further validate/improve the
LUT load modelling approach.”

Once again, thank you for your fruitful comments which we hope to have considered
appropriately in the revised version.

Best regards, Stoyan Kanev

Please also note the supplement to this comment:
https://www.wind-energ-sci-discuss.net/wes-2019-34/wes-2019-34-AC1-
supplement.pdf

Interactive comment on Wind Energ. Sci. Discuss., https://doi.org/10.5194/wes-2019-34, 2019.
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