
Reply to comments of RC1 and RC2

In the case that similar comments were done, I have grouped my reply to both.

Comments Reply
Thank you for your comment, and I fully understand the concern. To keep
the paper concise, the literature review focused initially solely on field
experimental work on active flaps, which indeed is quite a limited field.

In the revised version, I will include further the references, in particular to
include the experimental wind tunnel work of Pechlivanoglou (TU Berlin),
field work performed at the DTU on morphing flaps on a rotating test rig
as a part of the InnWind project, and experimental work with trailing edge
flaps of Samara and Johnson.

As suggested by referee nr. 2, I will include the work of Matsuda et al,
which I was aware of, but intendedly did not include it in the first revision
of the paper as the focus is on plasma actuators and not on trailing edge
flaps. In the updated revision of the paper I will include as it fits well with
the experimental character of our submission

Regarding the literature review of different control objectives as
suggested by referee nr. 2, I think this is out of the scope of this paper.
Control objectives for active devices on wind turbines is a very vast
subject, both from the controller objective perspective, but also regarding
the different devices (SJA, plasma, active gurneys, TE flaps, active leading
edge, spoilers, blowing, suction, etc. It is the opinion of the authors that
his field is already so wide, that a publication of experimental
demonstration character such as the one we are proposing should not try
to cover the literature of controller objectives.

It is important for the authors to highlight, that the purpose of the work
shown in our publication and also the work which was presented at the
conference is focused on an experimental demonstration and testing of a
system, but not the test of a particular controller strategy.



The discussion of lower aerodynamic efficiency is for sure a very
interesting one. The full aero efficiency of the turbine can not be boiled
down to the gliding ratio only, but depends also on the mean induction
levels of the blade, the blade design strategy, and the operation strategy
in the region around the shoulder of the power curve (where the
performance is more sensitive to lift levels than to the lift to drag ratio. I
will comment this balance of load handling vs. aerodynamic performance
in a concise manner. To give an example, in the case of modern large
offshore blades where the outboard area is designed towards low
induction in order to allow for platform upscaling and where the AEP is
geared towards high mean wind speeds, a penalty in lift over drag is over
shadowed by the ability of increasing the induction level via lift levels. On
the contrary, a smaller onshore turbine where the blades are designed for
operation at lower mean wind speeds, the penalty of the lower gliding
ratio will be more significant and may overshadow the ability to have the
desired control authority from the active flaps. This is just to say that this
is not a black or white discussion੗

Having a potential load handle of 5-10% is indeed worth going for and this
was not clearly stated in the paper. From an industry perspective, load
reductions can not be translated into LCOE in a direct manner on an
existing platform and a cost-out of an existing turbine would not be the
correct way to go, as the overhead costs would overshadow the
improvement in LCOE. Therefore, such a load handle can be used in two
ways: the first one is during the design phase of a new platform in order
to enable a more cost effective dimensioning of the main components,
and the second one (which is economically more attractive) is to upscale
the rotor and maintaining the load envelopeà this option has the higher
impact on LCOE.
I will add these. In the plots with more than one time series (the two
middle plots), each of them corresponds to the flapwise bending moment
of one of the blades A, B, and C, and in the last plot, the loading
corresponds to that of blade A after having applied the blade to blade
comparison method (i.e. relative to blades B and C). These legends will be
added



The comment to the references is addressed in the first point of the reply.

The references to Enevoldsen and Fisker are included, but I can see that
there are two typos. In the reference to Peder Enevoldsen I wrote 2014
instead of 2018. In the refernce to Peter Skjoldan Fisker I used his middle
name (Fisker) instead of his last name (Skjoldan) when referencing it in
the text. I will correct this.



Reply to question 2: The wind rose is not given because it would the secto

Reply to question 3: This is specified in Table 1 (see below)

Reply to question 4: The sensor signals of the met-mast are provided by
an external supplier: in this case SGRE has a contract with the DTU
dependency at the Høvsøre test center as responsible party for the
calibration of meteorological instruments and signal availability. Due to
this, the sensor manufacturer is not known. Nevertheless, it is the same
type of instrumentation that at SGRE normally is used for power
performance measurements compliant with IEC61400-12 and the sensors
are compliant with the norm requirements.

The acquisition frequency is 25Hz for the instruments in the metmast and
1Hz for the lidar signals, this is mentioned in page 3 line 65.

With regards to atmospheric stability, this is normally the case when no
Lidar data is available, and the atmospheric stability is then estimated via
the Monin-Obukhov length. In the current measurement setup, the direct
profile is measured, and the additional information of the mixing length
parameter for stability analysis is not relevant.

Reply to question 5: The measurement heights are (measured above
ground): 38, 47, 59, 71, 83, 95, 107, 131, 143, and 155m



The site is flat (ie. It is flat in accordance to the requirements of table B.1
of annex B of IEC61400-12-1). A reference to a report on 10 year boundary
layer meteorology at Høvsøre will be included in the paper.



The general comments of point 3 require further clarification from our
side. The purpose of the test was to do a technology demonstration at
full-scale in order to start discovering the limitations of the systems and to
perform a technology exploration. It was never the objective to test a
particular controller strategy (this was also mentioned several times
during the presentation at the conference). I will make this more clear in
the paper.

Therefore, the system is currently responding according to the physical
limitations of the setup, including the pump capacity for air supply, as well
as the gas dynamics of flow compression and viscous losses in the supply
pipes (which are located inside the blade as the sketch below shows.

Therefore, we are not proposing that the current system is meant for load
alleviation in its current state due to the time response. This also led to a
very nice discussion during and after the conference presentation. Here I
emphasized again, that the aim of the project was to design, install and
test a technology demonstrator where we could be able to measure in full
scale the available load handles, and further develop the methods
required for measuring these with good accuracy (which was the blade-2-
blade comparison method developed and described in the paper)

Reply to question 6: Yes, due to conciseness and page limitation, the
reader is referred to the publication mentioned. All pneumatic
components are placed in the hub. Air is supplied with a two pumps
working in parallel of type Parker T1-2BL-24-1NEA. The valves used for
control are in a 3/2 arrangement made up of 2 valves of type SMC
VXZ24OFZ2AA 1/2", one in NC configuration and the second one in NO
configuration. This will be mentioned in the paper.



Reply to question 7: Similar as my reply to comments to point 3 above, the
aim of the paper is not to demonstrate any control strategy, but to
demonstrate a technology in full scale and measure the potential load
impact. The system uses less than 0.5 kW at full operation pump speed,
therefore, due to the low value, no further considerations to power
consumption were made.

Rotor imbalance is not an issue. This demonstrator was installed with the
AFS on a single blade with the purpose of subsequently being able to
estimate the load potential with help of the blade-2-blade comparison
method (which had not been possible with a full 3 blade installation). A
real system would certainly have a 3 blade full blade installation, and
therefore rotor imbalance would not play a role.



Reply to Questions 8 & 9
The strain gauges are located at 1.2m from the blade root at the
intersections of the principal axis of that section with the blade contour.
The geometrical information of the blade contour is SGRE proprietary and
can therefore not be disclosed. It will be made a mention in the paper
regarding the spanwise location of the strain gauges.

The calibration procedure of strain gauges in the blades is quite straight
forward and is performed for each one and every prototype turbine.
These procedures are well known in the industry and some suggestions
are also given in IEC 61400-13 (see screenshot below). For the present
case, the calibration is performed is gravity based as described in section
4.2.2.2 of the standard aforementioned.



Reply to comment and to question 10: The blade-2-blade comparison
method precisely addresses the diurnal and seasonal changes that you
mention, because the AFS-blade and the other two reference blades are
seeing the same inflow during the same 10-min interval, that is the nice
thing about the analysis. It is analogue to side-by-side analysis of turbine
performance when performed according to IEC. I will include this in the
paper
Reply to question 11: For standard power and load measurements,
intervals of 10 minutes are used as this normally covers the turbulence
power spectrum of small scale atmospheric turbulence (see Van der
Hoven spectrum below). 1 day is not chosen because you would have a



clear day-night cycle in the data set. 1 hour or 2 hours could have also
been options. We intended to gather a higher number of transients,
therefore we chose 30 minutes instead of periods of 1 or 2 hours. We
chose 30 minutes, and not 10 minutes (which else would have been
standard), in order to avoid having a significant impact of the transient
behavior on the steady state values. I will comment this in the paper.


