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Abstract

This study evaluates scanning Doppler Lidar-based wind field measurement and analysis
techniques for wind energy applications. The Lidar measurements are first validated against
measurements from existing V1 Lidar. It is found that the availability of 20% (30 data per 10 minutes) is
sufficient to produce fairly good 10 minutes averaged wind speed and direction. The vertical profile
measurements for wind blowing from land and that from sea are then performed using DBS configuration.
The averaged wind speed for the former is lower than for the later. Two more scan modes, RHI and PPI,
are employed to investigate the effect of coastal terrain on the near shore velocity profiles and to
characterize the wind turbine wake. An internal boundary layer develops from the shore and persists up to
2000 m offshore. Lidar measurement data are also used to validate numerical simulations by a mesoscale
model. The measured and predicted wind speeds agree well up to the height of 500 m. Finally,
measurements of flow field around wind turbine shows the velocity deficit in the wind turbine wake and

agree with those predicted by a wake model.

F—IJ— KR AF = T Ry T5—F 45—,

Key Words :
Wind turbine wake

1. [FL&HIZ

BTN, BB EFORETH, V4 N7 7
— AELE O, JREORIER Y, B R —
DOHEFTIRIAS R SN TWA. ZHvE ToRGHELHI

TlX, B T —DWW L DD E BN TR « &l
WEFARE L, JAA « BUEOFZIT - TV, A
FHa A NEOHFING, FE EOBLIRIZ U —0E &% 60
mUTA A THS. L, IERREED NS
B S1380~120m , 7L — KDE XL 40~80 miZ K
XL poTWAREYD, 1—X&OLfEE (40m~200m)
B 3—F 5 AUEHEINIREECH 5. 2 D720, T4,
JBARBOZEHIZBNT, Ry 7 T7—F4 % — ZFH
L7z E— ey THINDNERZED TS, R
v 7T =T A X —IIEEER L OMEROEPH T RGE

*1 BRKRFRFBE LR 2R EN FHEBh#
(T113-8656 mﬁl%‘w@? XA 7-3-1)
E-mail: jay. golt@brldge t. u—tokyo. ac. jp
[RIDCEEPE TRt ot A e R
Hj(%FmI?iWﬂ?%ﬂ TR iR
URFEZAT - 2017 47 H 26 A)

*2
*3

JRBLRTH, PNERBESE, R ER T

Scanning Doppler Lidar, Wind field measurement, Internal boundary layer,

@%wﬁﬂ%f&ékwﬁﬂﬁﬁkém B RORR T
B S U —ITH, BB ZE 72 5.

Ry 7T —F A Z—7% A CRGEDEE /AT & S+l
9% J71% & LTI Velocity Azimuth Display (WA, VAD
1% LIRS & Doppler Beam Swinging (UA#%, DBS # & I
5) BdD. VAD IEITRR L —Z OFAITIAS WG
NTWB[L]. ZDHIETIE 360 OHHEAT v %217
VY, FAREGEHE A RIS, 2 B C OTER RO & e s
TIREEONHTFEEAWC T =Y BT 4 v T
4 TFTHIEIZLY, REEOINE AR &R H[1],
[2]. DBSIETIZ4 SFE /T 5 2O —LEEHL, fif
Wz O CEE S CoRE AR T 2. DBS{EICE
~, VAD IEOREREWE S T05A3, 360° @
AX ¥ UBMBETHDHTD, T—F OV TN
VAN

B2 U —|ZE SN BHEHC LY Ky 7T —F
A F—IZ X DFM & DHEIZ BT D983 2% < {Thi
7=. HlzIE, Smith H[3)iX, AX ¥ =07 Ky 7 F—
T A X =Rl S 7 mGE & B 2 U — RIS E S



H AR ] = kL ¥ — 2455508, Wol.42, No.1, pp.7-16, 2018

Tz 3ARREE & DA T -T2, Ry 7 I—=I4 %
—aH & 3 FREUEHFF O OFARE N E <, H S 100m T

DOUPTERREL (R?) 12098 TH D LWV ) FERNE BN

Sathe[4] 13 Leosphere #1:0> Pulsed 71 % — & ZephIR
10> Continuous Wave 7 - & —DaH{HIiE 5 2 #8 HE R
HEFORERE R & DO AATV, Pulsed 7 A % —DF
ISAHBE S BRI N 2 & Z A LT DL Vogstad[5]
DITHEMHIICB W T Ry 7T —F 4 X —I2 L HEHH
ZATVY, @S 50m OB Z U —| 2% E L7 R8GO

B & EER 2TV, @V VHEBS (R? > 0.99) Z2#EE LT 5.

L2L, Lang & McKeon[6] 23 EMEHITE T T - 7271l C
LRy 77— 4 X —L IMEEET & DD AT *
MREL, REIZ0ITICTFNRLZ & &2WELL. Ny
T =T A H— LR O R O el CCHER7], [8]
22 I LTI 2 < ORI RER SN TN D
23235 OBFZEIXEEE 100 m 7 OFH 217> Tk,
e EE DR HIRE R AR L Tleu.

ik VAD <0 DBS VAT J7 1H O JaiE > 22 i 284
EERTERNENIFHIKND DT80, JRIEAF ¥
RARFEAF v P ORESZ T2 Z L3 TE R0,
% Z T, Easterbook [9]%% Melocity Volume Processing
(VWP)EHEE L=, LavL, VVP IEIIFNACIIAO
BEARAE L, FHAOMEEDME[10] 72, B DSy
FOIXFEAEFHINTW W, B0 L E
PITWD T F e —F R O S IZER L, &
WG E RO D FIENREINTWALL]. L, Z
DFEAGIE U TAFZEBIAAEAE L 7RV,

Z 2T, AWFZETIE, #hrPrE RGN 2 U —o
77w AR LITRE LTS Leosphere £EA % v
=7 Ky 77 —7 A % —(WINDCUBE 100S, LAtk A
XY =T TA KL= LMER)12] ZHWT, Axp =
774 X —DFHREE A RGET D & & big, FHllT—
Z ORI EZRET 5. £z, R SR
ENE AR D A B8 LT in Rl 5 OV FEUE D
NEAEFHIT D, S BIT, T4 X —EBHEE AV
, BBV I a2 b— g Ak DEE 500m £ TORE
FEWZ I D T EGH K OVR 52 00 TR & o b 2
1TV, THRSEZRGEET 5. RAZIITEESE Y o FH
GOFHNAEATY, RIRET /VOREMGEEZAT D .

<
=

2. EEOFHAAE

Ry 7T —F A 2= X5 BHFHANC R LT~ 72
FEPREZEIN TS, KETIEI Ry T I7—F 14—
BUOWE 2R~ L LB, A THEMA L350
AF y L E— NIZOWTHAT 5.

-8-

2.1 Fy75—545—BRDHBE

B 1LIZIX Ny 7T —F A4 X —Z X BREFHA D FEA
JFERZ RT. RRPICHK S L——iE, BEh
LTWAZT a Y I L > TR S, REEDERK
BII Ry 77— RICEV oL —F—HKozhn L
2D, ZOREEOEND B — AR OFHEE %
ROHND.

I Laser }—>| Splitter |—){ Comparator

Doppler shift
A

Estimate RWS

Fig. 1 Schematic of how a Doppler wind Lidar works[13].
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in shows the position of the wind turbine and the met mast.
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Table1l Comparison of the measurements of scanning
Lidar and V1 Lidar

Mim | Minimum Slope Offset | R?
[%] number of data
0 1 0.99 +0.14 | 0.95
20 28 0.99 +0.13 | 0.96
40 56 0.99 +0.13 | 0.96
60 82 0.99 +0.12 | 0.97
80 112 0.99 +0.12 | 0.97
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Fig. 7 Relationship between radial wind speed (u,-) and
velocity vector (V).
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blowing from land and that from sea (for May 2016).
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Fig. 17 Schematic of the vertical cross section of multiple
PPI scans for the measurement of wind turbine wake.
Dot-dashed line represents the location of the hub height
plane at which wind speed data is extracted.
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