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Abstract. The complexity of the flow over a wind turbine blade makes its understanding and monitoring a challenging task,
especially on operating wind turbines. The innovative e-Telltale sensor is developed for that purpose : detecting the flow
separation on wind turbines blades. In this paper, high Reynolds number wind tunnel tests have been performed with different
configurations of full scale e-Telltale sensors and wall pressure measurements on a wind turbine blade section. A comparison
between the lift curve and the e-Telltale signal was used to evaluate the ability of the sensor to detect flow separation. Results
show different interesting properties of the sensor response depending on its size, position along the chord and its fitting process

that could be used in real applications.

1 Introduction

Increasing the life of wind turbines is one of the major areas of investigation faced by wind farm operators. A cause of premature
aging often put forward is the accumulation of loads imposed by the strong shears upstream of the rotor due to an incorrect
setting of the wind turbine or to the atmosphere in which it operates (Rezaeiha et al., 2017). In order to limit the influence
of these disturbances on the wind turbine, modern pitch-regulated wind turbines are operational today. Sensors currently used
are located on the wind turbine nacelle such as cup anemometers (Smaili and Masson, 2004), on the wind turbine spinner
(Pedersen et al., 2015). Upstream flow measurements from a LIDAR mounted nacelle are also under development (Scholbrock
et al., 2013). This LIDAR system will predict flow perturbations (gust, misalignment .. .) before a control action of the blade
is performed. The control objective is to alleviate turbine blade lift fluctuations and resulting load fluctuations by an adequate
adjustment of the blade incidence. However, measurements at the wind turbine nacelle do not sufficiently take into account
the state of the flow on the aerodynamic surfaces (attached/separated, laminar/transitional or turbulent aerodynamic boundary
layer ...) which is critical to decide a control action. Also, pitch control on very large blades is not fast enough to account for
the small time scales from small turbulent structures generated in a wind turbine wake for instance (Chamorro et al., 2012),
while they have a strong impact on blade loads (Bartholomay et al.). Having local and robust aerodynamic sensors at the blade

scale placed at key areas would be an important step for wind turbine monitoring and operation. Furthermore, they could be
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used together with active devices to further decrease local spatio-temporal loads (Shaqarin et al., 2013; Jaunet and Braud,
2018). Swytink-Binnema and Johnson (2016) have demonstrated the possibility to detect aerodynamic flow separation using
distributed tufts over the blade surface and a root-blade embedded camera. A simple and robust alternative of this sensor is
the use of electronic-Telltale sensors. The system is composed of a silicone strip with a strain gauge at its base. When the
silicone strip goes away from the surface, the displacement is measured by the strain gauge. The e-Telltale sensor is already
used on sails of some boats and can be glued on the aerodynamic surface of wind turbine blades for retrofitting purposes.
First tests of this innovative sensor were conducted at low Reynolds number using a down-scaled device (Soulier et al., 2021).
The strip of the e-Telltale was demonstrated to follow the separation/reattachment dynamics similarly as much more accurate
detection methods based on Time Resolved PIV measurements. The present paper extends the investigation on the ability of
the e-Telltale sensor to detect the flow separation over airfoil profiles towards the use of a full scale device and high Reynolds
number wind tunnel tests (the chord based Reynolds number is Re. = 8:85 x 10°). The same 2D blade section was used here
(NACA-654-421) and different parameters of the e-Telltale device were investigated, including its position, the strip length and
its surface fitting process. The evaluation has been performed at different AoAs and through measurements of three lines of
chord-wise pressure taps acquired synchronously with the strain gauge signal of the e-Telltale sensor.

The paper is divided in three main sections. Section 2 describes the experimental set-up, including the description of the
wind tunnel facility, the blade manufacturing, the measurements used for the evaluation of e-Telltale sensor and the description
of the different e-Telltale configurations. Section 3 describes the aerodynamics of the chosen blade profile, focusing on the flow
separation phenomena. The last section present the results including the impact of the strip location, length and fitting process

on the sensor signal.

2 Experimental Setup
2.1 The Wind tunnel

The measurements were performed at Nantes (France), in the NSA return wind tunnel of CSTB!. The test section is 20m
long with a cross-section of 4 m x 2 m (see figure 1). The turbulence intensity level in this test section is around 1 % and the
operating speed of the wind tunnel is set to U5 = 20 m=s. At this free stream velocity, the Reynolds number of the flow based
on the chord length (¢ = 0:693m) is 8:85 10°. The profile was set on a rotating table on its bottom, and guided on the ceiling
using a bearing. Three pressure lines were used at different span locations, where measurements were performed, to check the

flow bidimensionality in the area of interest (see section 2.3).
2.2 Blade manufacturing

The chosen 2D blade section, NACA 654-421, was manufactured to be installed in the wind tunnel facility of CSTB. It was

made of a skeleton coated with a supple composite. Details on the blade manufacturing can be found in figure 2. The shape

Thttp://www.cstb.fr/en/
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Figure 1. The NSA wind tunnel facility of CSTB with the 2D NACA 654-421 blade section installed

of this airfoil profile, already used in previous studies (Sicot et al., 2008; Devinant et al., 2002), is also used in operation on

stalled regulated wind turbines.
2.3 Measurements

The coordinates axis of the present study is X in the streamwise direction, Y in the cross direction and z in the spanwise direction
perpendicular to the chord line. The origin is taken at the intersection between leading edge and the chord line, in the middle
of the blade span (see figure 3). To get the lift coefficient C|_, three chord-wise lines of pressure taps were distributed around
the profile using three 3D printed ribs equipped with 117 pressure sensors each. They were located in the middle of the profile
atz=0,andz 0:173c (see figure 3). Copper tubes of 0.8mm internal diameter were flush mounted using pressure tap holes
in the 3D printed ribs. Vinyl tubes were then connected to transport the pressure towards ESP 32HD pressure sensors ranging
from 0 to 2:5 kP a with a precision of 0:03% of the full scale. The cut-off frequency of the total system (tubes plus sensors)
was 256 Hz. The signal was low-pass filtered at 256 Hz and acquired at 512 Hz: For each AOA, the pressure coefficient,
Cp, was calculated and averaged on the duration on the measurement which was 2 minutes, then the lift coefficient C, was
computed for each line of pressure taps by integration. It has been checked that the statistical convergence of C_ is reached

well before 1 minute. The lift coefficient presented in this study are the results of an average over the three lines of pressure.
2.4 E-Telltale sensors

E-Telltale sensors are composed of a silicone strip with a strain gauge sensor at its base, so that it measures displacements
of the strip away from the surface (see figure 4). The signal from the strain gauge sensor was amplified with a specialized
amplifier (LTC6915). The signal is then filtered with a low-pass analog filter with a cut-off frequency of 160 Hz and a slope of

20 dB=decade. The filtered signal was then recorded with the same acquisition device than for the pressure measurements.






