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Abstract : In order to find out the effect of the wind direction shift with height, wind veer, on wind turbine
power performance, wind conditions using a nacelle lidar installed on a 2 MW wind turbine were measured
at a wind farm located on the northeastern part of Jeju Island. The power outputs were collected from
SCADA system of the turbine. The accuracy of the nacelle lidar measurements was checked by comparing
the wind speeds from the nacelle lidar with those from a nearby met mast. Wind veer frequencies and wind
rose at the hub height of the turbine were analyzed. The wind veer types were divided into three: veering
wind which is clockwise wind direction change with height, backing wind meaning counterclockwise and no
veer wind that is little wind direction change with height. The power curves were derived from dataset of
the three types of wind veer, which were compared one another. Also, the relative error of annual energy
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production (AEP) was analyzed for veering and backing conditions using no veer condition as a reference.
The findings revealed that the relative errors of the veering wind condition ranged between 0.9% and 4.5%
which led to overperformance of the wind turbine, while backing wind condition had relative errors ranged
from -0.4% to -0.2% which resulted in underperformance of the wind turbine.
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Fig. 1 Location of the test instruments at the

Dongbok wind farm
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Table 1 Specification of the measurement instruments
and test wind turbine

Category Description
Cup anemometer Thies first class
p advanced
Wind vane Thies first class
advanced
Met
mast Thermometer PT 100 CLA
Hygrometer Potronic
ve hygrometer
Barometer P-GE 6/11
Model Wind Iris 2nd ed
Measurement 50400 m
range
Data sampling | Hz
Nacelle rate
lidar No. of
measurement 10
point
Analyzed
measurement 240 m
distance
Model HIWT 2000
Rated power 2,000 kW
Wind Hub height 80 m
turbine Rotor diameter 87 m
Cut-in / Rated /
Cut-out WS 3/12 /25 m/s
SCADA system Gateway
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Table 2 Calculated AEP for wind veer conditions

AEP [GWh/y]
Types - -
Min | 1/4Q | Median | 3/4Q | Max
Veering | 1.70 | 4.31 7.04 9.29 | 10.83
No veer | 1.63 | 4.24 6.97 9.21 | 10.73
Backing | 1.62 | 4.23 6.96 9.19 | 10.71

=9} erjo] 2o Higk AEPE HAAR

2 Kol 1 qivh I Ax, AEH AEP:
62-10.83 GWhiy2 A AFE Qi Az oz uy)
279 TFHel T A% BloHAE
7HE e F4ghE Hola Utk E3E v
7oA £&% AEPE BE AWd ¥
2 g 7HAAL Qlo] kmule] 23

IO o

i

ot MY |
o o
[

o mZ hu 1o g @ BN e T 18 oV
oE
o
2
X

w72l
e wvlo] 24uT e ghg Holx 9)
quasle) Feol gasts Aoz wadn
37kA1 9] dEHloly 2o weh =& &Y
o] AdiA Hols HESH] S8 Azt ALEA
Fo A eas ALbstAnh A et o 4
BE ol&sto] AAbstgith
Relative error = AL oo 1ype ~ MU %100 (%)

AEP,

noveer

“)

0:17]/\_]’ AEPeach rypeJE‘ 7-1}— H]Oi‘:%]) 5—69‘] ﬁﬂ'
LV]‘*”F*O]F’—, AEPyy veor= = 9]

A o 7¥7} 1.63%9}

-0.23%= WHAEHT} vlojPgAEL] AZFH A
AR A e 7F =4 Y gl vlojE
= ZAQ AEP At ZHE 0.9%0°] ]H 4.5%

SHAARZERIX| H28H M1, 2024'F 2& 67



g
1z
o
i<
o
I
02
gy
mjo
o
oo
o
rfo
In
o
o

o
o EGPol £ oS HAY 5 Ack wr,
G

o Aot

| —#—Veering error ——Backing error |

Relative error

4 5 6 7 8 9 10 11
Annual average wind speed [m/s]

Fig. 9 Comparison of AEP relative error for

veering and backing conditions

o A 4HEH 2 MW F
el S 4S olg3to AEPE A
Avt, AW F& 4~11 m/so| A9 AEPE 1.62~

10.83 GWhly R 9= A= ot
3) HlojY A= 279 AEP At At AR
5ol wal 0.9~45%5 23, HAYE 249
AEP At ©3l= -02~-04%S E At whaha 2
A

Aol wlolgdes T 28 &

== 00

68 SHAAFSTRIX| H28H 1=, 20244 2

>
N
rr
fo
B~
fu
2
o
SL
32
o
=
Jn:.
oY
r (o}
[
rr
i
)
o

ol Ait= AT (IR Sl
|

2 gAY UL

8l =.
Author contributions

U. Tumenbayar; Conceptualization, Methodology,
Software, Formal analysis, Investigation, Writing -
original draft, Visualization. K. Yang, Writing -
review & editing. K. Ko; Writing - review &
editing, Supervision, Project administration. All
authors have read and agreed to the published

version of the manuscript.

References

1. Z. Shu, Q. Li, Y. He and P. W. Chan, 2020,
“Investigation of  marine wind veer
characteristics using wind lidar measurements”,
Atmosphere, 11, 1178.
(https://doi.org/10.3390/atmos11111178)

2. C. Ansorge and H. Wurps, 2022, “Wind veer
and wind speed in turbulent Ekman flow”,
Copernicus Meetings.
(https://doi.org/10.5194/egusphere-egu22-7575)

3. M. J. Churchfield and S. Sirnivas, 2018, “On
the effects of wind turbine wake skew caused
by wind veer”, In Proceedings of the 2018 wind
energy symposium, 755.
(https://doi.org/10.2514/6.2018-0755)

4. M. Howland and J. Dabiri, 2020, “Influence of

atmospheric boundary layer wind speed and



10.

11.

. A. Englberger, J.

. Z. Shu, Q. S. Li,

Edilbtotz

Mo

direction shear on utility-scale yaw misaligned
turbines”, In Proceedings of the APS Division
of Fluid Dynamics Meeting Abstracts, G03-004.

. U. Tumenbayar and K. Ko, 2023, “Wind power

variation by wind veer characteristics with two
wind farms”, Scientific Reports, 10771, 13(1).
(https://doi.org/10.1038/541598-023-37957-6)

K. Lundquist and A.
Dornbrack, 2020, “Should wind turbines rotate
in the opposite direction?”, Wind Energy
Science Discussions, 1-20.

(https://doi.org/10.5194/wes-2019-105)

. S. N. Gadde and R. J. A. M. Stevens, 2019,

“Effect of Coriolis force on a wind farm wake”,
In Proceedings of the Journal
Conference series; IOP Publishing, 1256, 12026.

(https://doi.org/10.1088/1742-6596/1256/1/012026)

of physics:

. G. Narasimhan, D. Gayme and C. Meneveau,

2021, “Effect of veer on a yawed wind turbine
wake in neutral and stable atmospheric boundary
layer”, In Proceedings of the APS Division of
Fluid Dynamics Meeting Abstracts, H03-007.

P. W. Chan and Y. C. He,
2020, “Seasonal and diurnal variation of marine
lidar
measurements”, Meteorological Applications, 27,
e1918. (https://doi.org/10.1002/met.1918)

P. Brugger, F. C. Fuertes, M. Vahidzadeh, C.
D. Markfort and F. Porté-Agel, 2019,
“Characterization of wind turbine wakes with
Nacelle-Mounted Doppler LiDARs and model
validation in
Remote Sensing, 11, 2247.
(https://doi.org/10.3390/rs11192247)

A. Englberger and J. K. Lundquist, 2020, “How

wind characteristics based on

the presence of wind veer”,

does inflow veer affect the veer of a
wind-turbine wake?”, In Proceedings of the
Journal of Physics: Conference Series IOP

Publishing, 1452, 12068.

Ct=2at -

oF7q

o

12.

13.

14.

15.

16.

17.

18.

A5 . Y
(https://doi.org/10.1088/1742-6596/1452/1/012068)
R. Wagner, M. Courtney, T. J. Larsen and U.
S. Paulsen, 2010,
turbulence impact on wind turbine performance”,
DTU, ISBN 8755038018.

M. Sanchez Gomez and J. K. Lundquist, 2020,

“Simulation of shear and

“The effects of wind veer during the morning
and evening transitions”, In Proceedings of the
Conference Series IOP
Publishing, 1452, 12075.

(https://doi.org/10.1088/1742-6596/1452/1/012075)
M. Sanchez Gomez and J. K. Lundquist, 2020,

“The effect of wind direction shear on turbine

Journal of Physics:

performance in a wind farm in central Iowa”,
Wind Energy Science, 5, 125-139.
(https://doi.org/10.5194/wes-5-125-2020)

P. Murphy, J. K. Lundquist and P. Fleming,
2020, “How wind speed shear and directional
affect the
megawatt-scale operational wind turbine”, Wind
Energy Science, 5, 1169-1190.
(https://doi.org/10.5194/wes-5-1169-2020)

J. H. Son, K. N. Ko, J. C. Huh and I. H. Kim,
2017, “Mutual Application of Met-Masts Wind

Data on Simple Terrain for Wind Resource

veer power production of a

Assessment”, Journal of the Korean Society for
Power System Engineering, 21(6), 1-11.
(https://doi.org/10.9726/kspse.2017.21.6.031)

D. H. Shin, K. N. Ko and M. S. Kang, 2017,
Analysis Reliability

Verification of Nacelle Lidar Measurements”,

“Characteristics and
Journal of the Korean Solar Energy Society,
37(5), 31-30.
(https://doi.org/10.7836/kses.2017.37.5.001)

International Electrotechnical Commission Wind

energy generation systems Part 12-1: Power
performance  measurements  of  electricity
producing wind turbines; 2022; 3; ISBN

2831886376.

SHAL2HSUYX| H28H M1, 2024 28 69



	나셀라이다 측정값을 이용한 윈드비어 방향에 따른 풍력발전기 출력변동 특성
	초록
	Abstract
	1. 서론
	2. 분석조건 및　측정장비
	3. 분석 방법
	4. 분석　결과
	5. 결론
	References


