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Abstract

The measurement campaign was performed using LiDAR (WIND CUBE
v2-Leosphere) and wind sensors on meteorological mast at three
measurement sites, Sumang, Gangjeong and Susan, of Jeju Island, South
Korea. Each site has a different topographical complexity, and wind data was
collected from 11 days to 14 days in the winter. The Ruggedness index, RIX,
calculations resulted in 291 % (Sumang), 0 % (Gangjeong) and 2.05 %
(Susan), respectively. The LiDAR error defined as LiDAR wind speed minus
meteorological mast wind speed. After data filtering, the linear regression
analysis was performed with 10 minutes concurrent wind data measured at
met masts and LiDAR. As a result, The coefficients of determination, R?, for
wind speed was higher than 0.87 (Sumang), 0.99 (Gangjeong) and 0.94
(Susan), respectively. The average value of LiDAR error were calculated as
the absolute values. The result of the average values of LiDAR error were
023 m/s at Sumang, 0.06 m/s at Gangjeong and 0.15 m/s at Susan,
respectively. The standard deviation of LiDAR error were 054 m/s at
Sumang, 0.19 m/s at Gangjeong and 0.50 m/s at Susan, respectively. In
addition, the turbulence intensity and standard deviation were larger with an
increase of the terrain complexity. LIDAR wind speed represented a tendency
higher than met mast wind speed. The LiDAR error rate and standard
deviation for wind speed showed about 2 - 6 % and 1.7 - 4.6 9% difference,
respectively. The CFD analysis of the Sumang area with the largest RIX, led
to the conclusion that because of nearby hills (Parasitic cones), the
normalized velocity at measurement point were about 0.6 at 40 m height and
0.7 at 70 m, respectively. Turbulence intensities were 0.11 at 40 m and 0.12
at 70m, respectively. Also, recirculation region occurred on parasitic cone’s lee

side with severe slope.
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Table 2-1 WindCube v2 Performance and Specifications

B
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dog AEH A 1%
=4 Eol 7 12
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> 94F 4= 28 °
A 2 A7)
Ay A T 18 ~ 32 V DC
45 W (-5 °C ~ 30 °C A}o])
e A 100 W (-5 °C ©]3})
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744 a9
=4 2299 -30 °C ~ 45 °C
AEHE 0 ~ 100 % RH (¥] SZAA])
IP 55 P67
=74 & A% ISTA/FEDEX 6B
2|
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> Aol 705 x 775 x 705 mm
Sl 45 kg
% 7] 2~ (Only) 28 kg
ALIEZEg ol 9 Ho]E
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LAN/ USB
. 3G /GPRS (&4)
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Table 2-2 Information of met mast and measurement period

Measurement site
Parameter
Sumang Gangjeong Susan
Latitude 33°21'9.94"N 33°13'37.67"N 33°27'25.97"N
Location
Longitude 126°40'20.45"E 126°28'24.03"E 126°51'3.83"E
Altitude [m] 362.2 2.63 113.58
Measurement period 4 Feb 2015717 27 Mar 201579 10 Mar 2015723
P Feb. (14days) Mar. (11days) Mar. (14days)

FH A= FEH(Tubular) EFY 9 70 m o] 715 (Tilt-up mast)©]

m
H, AL BE =oloA Class 24 Al NRG #40C AlFo.2 AL sttt vt
2}

dolg 52 93 AAgE mkgk A K= Table 2-3° e AT

Table 2-3 Models of wind sensors on met mast and LiDAR

Met mast sensor models
. Type of . .
Height Sensor Measurement site LiDAR
Sumang Gangjeong Susan
Cup NRG #40C - NRG #40C
anemometer
40 m Wind
m NRG 200P | NRG 200P NRG 200P
vane
Cup . |
50 m NRG #40C NRG #40C NRG #40C
anemometer
60 Cup NRG #40C | NRG #40C NRG #40C
m anemometer Remote sensor:
Leosphere
Cup Thies First . Thi?s First WINDCUBEV?2
anemometer Class NRG #40C Class
70 m Advanced Advanced
Wind Thies vane - Thies vane
vane
Cup NRG #40C
anemometer
80 m . - _
Wind NRG 200P
vane
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Fig. 2-4 Schematic of LiDAR placement relative to the met mast
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714Fer dlolE EF&(Data recovery rate) EE ZHALolEdA 100 %=
At Foltp B4ge RE =A Zold i, £ 996 %, FA 100 %, Ak
973 % oS Btk F4tke] dHloly EEo] W2 olf & FAH7IZT

<
Fol B2 7|zl oy FH5o] o Fo|H 7] wolth. A 10 Hvt H ]

S mlasty] A, 249 AREE gol7] ffsl, njAdAela v A<l el

Bl =

A At} oo} 22 HE S AT

t4 ~ 16 m/se] S5 HlolHRE ARS8l Th[23, 24]
CNR(Carrier to Noise Ratio) threshold: CNR#ke] -22 dBeo]d<l dlo] gt
AR-8-8F A Th[23]
glolt} A 57184 (Data availability): 105 Hitdlo]E o] 7}8&0] 80 %o
Q1 o] Ei Rt AFg-3} T [25]
& el 10 mm o]skel 713ke] Heolyuk AE-s} il Tk
T dloly HAS7IZE $¢ F TF 959 vido] FrEo VIAH B
)& frEdf=(Tower distortion) HlolEl= 7o TAA ket webA f-s
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Table 2-4 Data recovery rate and the number of data after filtering.

Measurement site
Item -
Sumang Gangjeong Susan
Measurement Met mast | LiDAR |Met mast | LiDAR | Met mast | LiDAR
equipment
40 m 99.6(1826%) - 98.5(1807*)
Data 50 m 99.8(1828%*) 100(1476%*) 98.5(1806%)
100(1830%*) 10001834=)
rectozf/r]y 60 m 100(1830%) 100(1476%) 98(1797+)
ratel?o] 100(1476%) I
(Counts®) |75 ) 100(1830%) 100(1476+%) 97.3(1785%)
80 m - 100(1476%) -
Number of | Setore 1826 1476 1783
filtering
concurrent
data After 935 820 1087
filtering
Rainy day
(precipitation: more 1 days 1 days 1 days
than 10 mm)
Data reducing rate 488 % 444 % 39.0 %

dieol ZH

108 Hy dlolE

[e]
9l

o
T
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Fig. 2-6 The data availability of LiDAR for measurement heights
(Left: before filtering, Right: after filtering)
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4. CNR(Carrier to noise Ration)el w& 3
Fig. 4-1& wrEate} 539 313 x 2
H(dB)=E Yetdt 54 WS AsWHEITHE B8 FEoke] FEol W3
ol WEI Fago] ag s =S

o z

& A% Rolg 24

P
CNR=10log,, (p—c) (2-1)

n

1714, p,= FedgIW]elaL p= wkEat A [Wlelth, gholtp A A A o]

% CNR A2E 53] dHold A5 Al 714¢ 2 33 Foj&o JFHFE 39

Frequency

Fig. 2-8 Definition of CNR(Carrier to noise Ratio)
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7. LiDAR error rate %423}
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Fig. 4-8 LiDAR errors rate and the standard deviation for

wind speed with all measurement heights
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Table 4-1 Summary of the LiDAR error rate and

the standard deviation at all measurement heights

) Sumang Gangjeong Susan
Height ; ; »
] Relative SD [%] Relative SD [%] Relative SD [%]
. error [%] ° error [%] ° error [%] °
40 6.57 497 5.28 4.19
50 5.64 432 1.66 1.30 477 3.68
60 5.96 4.47 1.98 1.70 448 3.45
70 5.90 4.56 2.29 1.48 448 3.57
80 2.29 2.17
Average
6.02 4.60 2.23 1.77 475 3.75
value
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V. CFD #4
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Fig. 5-2 3D image around measurement point in Sumang

Table 5-1 3D image parasitic cones around measurement point

714 spat 3 2 (m) ) 712 (m)
il 429 123 478
229 493.2 248 1100
79 532.7 269 1350
™ A 425.8 221 1790
=3 oty 508 49 2570
At Y 523 240 2850
o]zt 539 247 4850
=3 7172 325 5020
A 444.6 21 5070
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Fig. 5-3 Configuration of the control volume

Table 5-2= CFD &4 Al d&vEHE debd xelth. & 4709 Ao~
CFD &4 & Fdsdon, SAARN d3dFs 73 5 A= 714 site] AA%

49°, 123°, 225°, 270°2 S EsFo = M A

Table 5-2 Input parameters for CFD analysis

Parameter Sumang
Casel Case?2 Case3 Cased
Wind direction [°] 49 123 225 270
Control Radius [m] 5000
volume Height [m] 2000
Vertical expansion factor 1.15
Nodes 772004
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2. BAZA A
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3. &%4A9 CFD &4 A3}
Table 5-3 - 6 A 470 L3FEH(49°, 123°, 225°, 270°)o w& CFD &

4 A% FAURGL Bal wAsd agolth AEWAMNTE 40 m, 70 m

__V _
Vnormalised - vref (5 4)
,
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olof| Al 0.085= of &% At}
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Table 5-3 Distribution of the normalised velocity and turbulence intensity under WD of 49°

Radius 5km view

Detailed view

Normalised velocity
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woL
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Table 5-4 Distribution of the normalised velocity and turbulence intensity under WD of 123°

Radius 5km view

Detailed view

Wy

Normalised velocity
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wop

WL
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Table 5-5 Distribution of the normalised velocity and turbulence intensity under WD of 225°

Radius 5km view

Detailed view

Normalised velocity
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Table 5-6 Distribution of the normalised velocity and turbulence intensity under WD of 270°

Radius 5km view

Detailed view

Normalised velocity
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