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Wake Measurement of Utility-Scale Wind Turbine Wake Using Drone
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Abstract
In this study, we investigated a method of utilizing the drone itself as a wind speed sensor without
mounting a special observation device on the drone. As a result, we constructed a calibration formula to
convert the flight record data to an arbitrary wind speed. Next, we applied this method to the airflow
measurement in the wake region for the large commercial wind turbine and succeeded in reproducing the
airflow characteristics caused by the wind turbine wake phenomenon.
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W =mg

Fig. 1 Balance of forces acting on the drone
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Fig. 2 Drone used in the present research
(DJI Phantom 4 Advanced/Pro)
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Fig.3 Calibration of a drone

using a large boundary layer wind tunnel (Z~10m/s)
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Fig. 5 Calibration curve obtained in the present study,
DJI Phantom 4 Advanced
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Fig. 6 Measurement result using a drone

targeting pulsating flow

FHEA T — N TORMBERARE LRI LTy =4 7
FHHIZ FERET RS, ABFIETILY = 3~8m/s TJEBIAIIC
EET B ARENE A FIANIZAR L, Re— X500
M OFIEEZRFE LTZ. B OISR EFig 6137,

Ra— A2 L0 B U2 BUEE S, BEURNICERE L8
EPe T Er (Ultrasonic anemometer, USA & REELT5) D
FER LR LT, REAOSHCRT Fr— OFHIRE R
1E, BOOSRETRIUSAIC L 2 FHIE R 2 BAFHCHR L
TWABZ EARES NI, 22T, 9ERE(Sn/s) 121 Kr—
Y ORERITD R EEBNA L TN D, ZhudA L —
Z—REJAN T R i — 2 DEE R & LRk T
b5, Teks, WREDHE DS (RHFEH <R IE I &5 )
EERE LIGAIZOWT S BEFR SR 157,

4. EERr—ILOXEBARELRHRICL-
DA VMEENDOKTRETR

AR TIE, Fig NIy 1 FoFo— U H—
F 3= GRS PR T 2 ta i R AL UN TR X D
BB (A X A3, MWEE) Z21EH L TR
0= NI E DY = A 7 HEBA ORI A AT, Fig. 8
Wi, AWFECHEM L Ratll R AR T, 22T, x
IS E L BICET D2 EITEREE 2.
Table. LZiE, AMFZECHEl L 7= KitaHIlOFEM 2 7~
FEER A N L 72 F (2020. 12. 173 L 182020. 12. 25) 1%, -
¥17. Om/s DJA (FFJEA~ALVE ) 2322 E L TR TV,

T THETREL, A0 Ra—r 2 AV TREEA~
WAL TWS R (x/0 = -0.5) ZHITE=Z— LN,
AL A3 2 A2 i (7 =0) DTip (/D = +0. 25) B
X OWake (/0 = +1.0) ORGaHNZITo72Z & TH 5.
ZZTC, DIEEOe—F—ER 2 ZE%TH. R
0 — N2 X AREHANT1I04 B TH 0, R I
0.1sTh 5.

Fig. 7 Large commercial wind turbine

used in this research, 3.3MW manufactured by Vestas

D : Rotor Diameter (=112m)

Fig. 8 Airflow measurement points

in the present study

Table. 1 Airflow measurements

conducted in the present study

First drone Second drone
Run 1 (Wake) x/D=+1.0
2020. 12. 17, y=20
x/D=-0.5
13:40~(JST) 0 z = 84m
Run 2 (Tip) 7 x/D = +0.25
- z = 84m
2020. 12. 25, y=0
13:35~(JST) z = 140m
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Fig.9 Drone hovering upstream (x/0 = —0.5) and
downstream (x/D = +1.0) of the wind turbine,
Run 1 (Wake)
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Fig. 10 Temporal change in wind speed

obtained by drone, results of Run 1 (Wake)
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Fig. 11 Wind turbine wake region reproduced
by Park model (thrust coefficient 0.8, diffusion
coefficient 0.04)
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Fig. 12 Results of spectral analysis (FFT)

on the temporal change in wind speed shown in Fig. 10
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Fig. 13 Tip vortex reproduced by LES using actuator line model
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Fig. 14 Temporal change in wind speed

obtained by drone, results of Run 2 (Tip)
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Fig. 15 Spectral analysis (FFT)

on the temporal change in wind speed shown in Fig. 14
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