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Several methods from experimental to analytical areused to investigate the
aerodynamics of a horizontal axis wind turbine. Tounderstand 3D and rotational effects at
the root region of a wind turbine blade, correct maleling of the flow field is essential.
Aerodynamic models need to be validated by accuratexperimental data. In this paper, the
experimental results of the aerodynamic behavior ofa model wind turbine blade, by
focusing on the blade root flow, are presented. Theneasurements are performed on a 2
bladed rotor having 1 m radius by means of Stereo dticle Image Velocimetry in a wind
tunnel. The spanwise velocity distribution on the gction side of the blade is determined in
detail. It shows a complex flow pattern in the rootregion and positive spanwise flow
component apparent at radial stations beyond r/R=@. at the leading edge (z/c=0.25).

Nomenclature

Co = power coefficient

A = tip speed ratio

3D = three dimensional

OJF = open jet facility

PIV = particle image velocimetry

[. Introduction

HE amount of power produced in the inner part eftthade is small when compared with the power predu

in the outboard part of the blade. Therefore, theigh of the inner part of the blade is mainly blase
structural considerations, which has resulted inndoeard section blade shape formed by a transftiom a thick
airfoil to a circular blade root connection.

The complexity of root flow renders it challengif@yr modeling; previous works focused on the hubaaséthe
wind turbine blade reported different local Cp \edwn the inner part of the rotor depending onatr@dynamic
model: BEM, Actuator Disk and 3D Navier Stokes amgerimental method¥ .

Several phenomena drive the flow at the inboard gfathe blade. Many studies show that at the rabigre high
angles of attack occur, the effect of the Corialisd centrifugal forces is strord. The influence of three
dimensionality of a rotating blade on the laminauihdary layer which develops from the leading ecigdéts upper
surface, in relation with the widely observed pheeaon of stall delay is investigated!th It has been proved that
the stall delay depends slightly on the reducedsune effect and mainly on the accelerated bounidgar flow
effects. To detect and identify pertinent aspedtthe rotating boundary layer, both numerical angezimental
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research have been perform® this work showed that in the regions where tharttary layer flow is 2D and
generally moves along the chordwise direction, ehisrlittle to no rotational augmentation. Somedigs " ['!
provided guidelines for developing an empirical rygeh that predicts post stall aerofoil charactiessand give
insight about the aerodynamics of stall delay phesma. Accurate predictions of 3D stall delay andadyic stall
characteristics are still the most challenging frots for aerodynamic analysis at the inboard sectio

This paper presents some results obtained fronexperiments which aim to measure the flow fielduab the
wind turbine blade by focusing on the root regiéthe blade. The experimental investigations areex out using
Stereo Particle Image Velocimetry (Stereo PIVia ©Open Jet Facility at TUDelft.

II. Experimental Set-Up and Results

The experiments are performed in the Open JetifadJF) at the Faculty of Aerospace Engineeringechnical
University of Delft (see Fig. 1). The maximum testtion velocity is 30m/s and the octagonal jetdraequivalent
diameter of 3m. A 1m radius two-bladed rotor isdusethe experiments. The twist and chord distidoubbtained
from BEM optimization are presented in Fig. 2. Ldfistribution along the span which is computed dyMBis
shown in Fig. 3. The DU-96 W 180 airfoil profile used for the blade sections after 26.4 % of thdéal The blade
model has a 0.0643 m chord at the tip and 0.1078 the root and has a °l6vist. It also has 2.5 times larger c/r
distribution than that of the original wind turbibtade in order to increase the effect of stalaglt the root section
of the model blade.

Figure 1 Schematic representation of OJF.
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Figure 2 Twist and Chord distributions obtained from BEM optimization.
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Figure 3 Lift distributions obtained from BEM calculations.

The blades are mounted into a new designed modiel test bank (see Fig. 4). The speed of the rshaft is
variable (from O to 20 Hz) and it is controlled &yrogram. The maximum wind speed of the turbindehati=7
is 17 m/s.

Figure 4 The new turbine model in OJF.

The Stereo PIV technique is applied to obtain tired components of velocity on the 2D planar figdflview
around the blade. A group of optics is used to lepeoper laser sheet. 16 mega pixel cameras vithnN 180mm
lenses and double cavity pulsed Nd:YAG laser wixedfon a computerized traverse system to moveliegésee
Fig. 5, 6).

Synchronization between the laser pulses and thsitiggo of the rotating blade is required for thesideed

experiment. This is due not only to the need ofidasg phase-lock data sets for the PIV analysis,ibis also

required to reconstruct the volumetric flow fiefdthe rotor plane and in the wake without the nefean azimuthal
scanning. If indeed the axial symmetry of the fliedd can be assumed as hypothesis; keeping the Heet at a
fixed position in space and acquiring the data wiherreference blade is at different azimuth posgiis equivalent
to an angular scan with the blade at a fixed pmsitThe reason for this approach is an evideningaef time and
costs. Since the model had no internal sensor tasume the position of the blade, a trigger devias heen
produced.
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Two different measurement setups are designeci®ti to scan the flow field around the blade byest PIV (see
Fig. 5, 6). The idea behind having two measurergett in two directions (spanwise and chordwisé) isombine

the results to have a solid structure of the fleaidfaround the blade. 62 planes on the bladeraestigated for
chordwise measurements. As it is shown in Fig.t3hatip region the measurements were performeevery 5
mm and for every 20 mm on the blade. 154 azimutingd on the blade are investigated for spanwise
measurements. 4 spanwise measurement stationsfareddto cover the whole bladét each measurement stations
different azimuth angles were investigated. As shiown in Fig. 7, azimuth angles from -5° to 5%hwsteps of 2°

for the first field of view, from -%to 25° with steps of 1° for the second field ofwj from -5 to 10° with steps of
0.5° for the third field of view and from %o 10° with steps of 0.25° for the fourth fieldwwéw were scanned. The
selected angles assure to cover the entire blade.

Traverse

every S mm
System

every 20 mm

-60 60 mm

Figure 6 Spanwise measurement setup.
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Figure 7 Schematic representations of the measuremieplanes and azimuth angles.

Measurement conditions and parameters are tabulafedble 1. The images have been processed withl@step
refinement process of 5 passes with decreasingonirgize. The last windows size of 32 pixels withcaerlap of
75% resulted in a final vector spacing of 0.504 mM504 mm. From the 30 phased-locked vector fieddsrage
and RMS values of the three components of the itglbave been derived. These served as basis ddiotlowing

data processing done with MATLAB codes, developeguorpose.

Table 1 Measurement conditions and parameters

TSR RPM Uiy [M/S]
7 720 10.8
FOV AT
[pixels] [mm] [ps]
4872 x 3248 316 x 204 60

Measurements obtained from the spanwise set-up leee processed as mentioned above and represeriteal
planes. In Figure 8, spanwise velocity distributierrepresented on different radial locations fraé% to 60%
radius of the rotor. The pictures present the flahd on the suction side of the blade. Till 36%tloé¢ rotor, there is
a decrease in spanwise velocity but after thattiocait starts to increase on the suction sidehef blade. The
increase in spanwise velocity can be explainednhbyeasing lift along the span (see Fig. 3). In Fégd, spanwise
velocity distribution is represented at differehbodwise locations which are mentioned on the pastyresented in
Fig. 8. One can observe the flow field on the suctide of the blade at different chord locatidnsn leading edge
to trailing edge) on spanwise plane. As can be saedooth Fig. 8 and 9, the spanwise velocity hamtiee values
at the root region close to leading edge.
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Figure 8 Spanwise velocity contours at different rdial locations.
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Figure 8 (Continued) Spanwise velocity contours alifferent radial locations.
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Figure 9 Spanwise velocity contours at different obrdwise locations.

[1l.  Conclusions

This paper represents the results of the expersnpatformed in Open Jet Facility by means of std?& to
visualize the flow structures around a 1 m radiléa2led rotor by focusing on root region.

The measurements have been performed on the swgitienof the blade and not in the boundary layehil&V
spanwise velocity distribution shows a complex grattin the root region, it has a smooth distributia the
spanwise direction beyond r/R=0.4 at the leadingeefk/c=0.25). This smooth tendency in spanwis@cis
increases and covers the blade as it goes tonggagliige (z/c=-0.85). High spanwise velocity gratlisrexplained
by the lift distribution along the span. Sincesths only a preliminary phase of the work, the datad to be better
investigated and discussed with the support ofthé experiments.
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