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Abstract

In order to evaluate predictions from wind farm design software, the
power production predictions made using a linear model, Wind Atlas
Analysis and Application Program (WAsP), and the computational fluid
dynamics (CFD) model, Meteodyn WT, were compared with the real power
production data from Supervisory Control And Data Acquisition (SCADA)
system for Seongsan wind farm on Jeju Island. The five different wind farm
sizes ranging from 5 km X 5 km to 20 km X 20 km were selected for
running the two software to clarify which wind farm size is the best for
obtaining more accurate power production predictions. WindPRO software
was used for WASP prediction in this work, since it uses WAsP module for
estimating power production.

A met mast was installed at the outside of Gasiri wind farm of Jeju
Island for measuring free wind speed, and another met mast was put up at
the inside for measuring wind speed deficit due to the multiple wake behind
wind turbines. Applying the two famous wake models, Jensen Model and
Eddy Viscosity (EV) Model of Meteodyn WT to the wind farm, wind speeds
were estimated at the met masts points. Then the predicted wind speeds
were compared with real wind speeds at the two met masts for evaluating
the two wake models.

As a result, the CFD models, Meteodyn WT, predicted power production
more accurately than the linear models, WAsP, for all the five domain sizes
studied. Jensen Model performed better than EV Model in analyzing the
wake effect at WindPRO software, while there were little difference between
the two wake models for the performance at Meteodyn WT. Based on
measured wind speeds, wind speed deficit of maximum of 42.46% was found

due to the multiple wake behind wind turbines.
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o FHLAG=x 448 S/W

2.1 WAsP

WAsP(Wind Atlas Analysis and Application Program)< #lvl=12] RISOE
AT2o A JEE AZEOR FY HolH 4, FEAYALE A Fol A
|5, FERAdGAY fFe5tAS 98l Jackson Huntd] 43 HEdo] 485

At WASP AT Ego]= 7)Aol AXH Qx|oA] A=H 28 dHolgE &

TS 59t WAsPO Wind Atlas 24 W2
ASE F9 dolgolA FH FolE, AW ARV, AP g AAsA
Generalized regional wind climatologyS o|53h= 4 Wwolt. A5 &4
Ho]H &= o] 53+ Generalized regional wind climatology =48 Wind Atlas &
z2ke]l Ao m AR AR TR AolE, AW ARY], A @Y FFS el 3l
A&kt [15]

2.2 WindPRO

WindPRO+=  €Imb=1e] EMDAROlA 7dste] d AAIA ez dy] 2holH,
WAsP £HZ 7|Rto® 3t} WindPROE AF&A7E A4 sfjald Fubd e
of A FdlelE], AW A7) 2 FW oS gEste] T AR, FEE
A7) As WA, FELH7] 9 2 285 ALY ¢ Ak WindPROE o] &
sto] FEBHGA Y F&, FTIFE oSyl S8l HuEst AFeAA ol
ATLASE= Al 53 dSUH S &S E slAIRE, A4 o2 WAsPS o
g3to] ATt o] felle AF, aHA A, BAE 4 S ol A oS

o] 7}& sttt [16]



2.3 Meteodyn WT

Meteodyn WT-2 200319l Didier Delaunayell ©J3l Zgf2oA] sdt= o] &
A A AAAeR AR o, vighiss AT R HdsAdeR THHe
11, RANS(Reynolds Averaged Navier-Stokes) 4213 1-342(One equation)
WA RES ARERHY Yamada$t Arritt7b AAIRE REle e o]t
£ adste] 27] dRde] =& AN 5 k. AAS A+ Ekman
functionell ¢Jal Ha FE5 A ZRAAS RIOMAS o] §sto] s,
AWk 0 2= Monin-Obukhov ©]2& °]83t Ht T&5 A Ad AZ

718 18 F YEE STh(17] °] AZEYolE vtEH(Wind fields)ol A€

25 Ay g 12k v 24§ A i Ak 7K Speed

up factor), W F74%, HAF ZH(Deviation angle), Y2 (Inflow angle) 5o]H,

T 71 olHE dgate] 23 dAkeA & A E = A A
o F%, 9ol B ¥ ol HEAS(Scale factor) ¥ A AS=(Shape factor),
dzh, T dUALE, GFAE, d=Al9] A4(Wind shear exponent), = A

H %4 (Extreme mean wind speed) 5 TS npgtEA 31 sk 4 U
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2.4.3.1 Modified Park Model

Modified Park model& S. Frandsen©] <& Park 29L& 7jA3sle] Aot

7 S AltskE WRielth[24]125]

H()E ol g3tol FF FeNA

Rotor

T G WelA e dRAdEE a1y o,
%

3L 2~
i

5
o]&3t, Fig. 59 #o] A

U donerradind ( X }

| ] D, ot 2k

Udoumwind (X )
qUake - U—

upwind

Wi

—

]_

o
o

%
S

o

(D



el
00
go
iz
fop-

e

Nfo

fi%e)

olo

el
N
B

e
oo

Nfo

1o
i

—

<
o
o
el
G

o

;OO
Bo

717}

)

)

A wiT2

A Qverlap

)% (

Drotor
Drotor + 2k‘XvWTZ

1-C (

%pwind

U;ioumwmd (X w12 )

Quake

Z
a

il
A71e] 544 o

wlr
=
wlr
=<

=]. 3L
Sl
=]. 3L
Fig s

Awrz

‘ Wake cane behind WT1 |

Kotz

Fig. 6 Overlap model of the wake

_10_



2.4.3.2 The Eddy Viscosity Model

£

Eddy Viscosity(EV) 298 Eddy Viscosity?} Navier-Stokes WA 2]S o] &
3tH, Fig. 73 Zo] 13 R =2 deslste] fewAAe & T3} o] =

Qe FEWRS GATHE T, ZHAZ 20 Ael o Fe 7 o

@)= T8 7] dAx=AE At § Crank-Nicolson scheme 1W< 48

U;: T 2
1—700: 1 €Xp| = 3.56( -~ (3)
o] 7] A,
Uh
R
| Ui |
=
o
Centre | | D
Line
| EEE—
——» Turbine
rotor
Incident
flow profile

s Wake profile

Fig. 7 Eddy Viscosity model[26]
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Fig. 8 Layout of wind turbines on Seongsan wind farm
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Table 1o A4F FdGA NN 4 5 T EA7]9] Abds HERAS]
th Vestas V80 w719 =HAZEE 80m, dHEol= 78melH, IEC
61400-1° @z} Class 1A 155 W& AFolth oozt f=xd7](Double
Fed Induction Generator, DFIG)&
| 2| A o7} 7hs skt

iy

ARgEEe] UAle] FAE HAe shlow,

Table 1 Specification of wind turbines on Seongsan wind farm

Item Description
WTG model Vestas V80
Rated power [kW] 2000
Diameter [m] 80
Hub height [m] 78
Cut—iI} / Rated / Cut-out A/ 14 ) 25
wind speed [m/s]
IEC class IA

Fig. 99} Fig. 10°] WindPRO$} Meteodyn WTE o] &3 A2t F2dduhx]
FA e Fx AFdoelHE veRHATE IEC 61400-12-2¢] whel Faid 1t
Aol 5mel X AFH o7} AREHI o, LT X AP oHE F AX

Eglo] ALe3le] §431A ) [29]

¥
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3.1.1.1 &7 do|H

WindPRO®} Meteodyn WTE o]&3}e] AA7F FEubds-S o Sely] $ste] A
FE AU ZHE HA 1.6km, H 2.8kme] Ado] AXH 7)Ao R HE
A

[

=A% folg 7} AFEEAT[30] Fig. 113 Table 2+ # 7to] ALgd 7|4 e
AA el Arolty, F& Z3F HYF 70m o] HolEE AM&3s}ga, Holg

ME o NE

A 717Fe 201349 69 193 E 201449 59 31472 1W7Ee] dolE 7t A}
L5 Ak

Met ?\'Iast.

Maximum 2.8km

| Seongsan WF

)

Minifnum 1.6km || S

Fig. 11 Met mast position away from Seongsan wind farm

Table 2 Wind sensors, measurement period and height

Item Description
Anemometer Ammonit Thies First Class
Wind vane Ammonit Thies First Class

2013. 6. 1 ~ 2014. 5. 31

Measurement period
P (lyear)

Measurement

. 70m
Height

_16_



Fig. 129} Table 39 A4t FEIHAGX A ALE-5 = Vestas SCADA Al
Ho] mUHY sty AGE 98] AFEE SCADA HlolE o] AHE YeERIIT
AEZEOE FI oFH A7 TEAAF] vu/FEAS 95y, Aa 4

.
MAHEA o] SCADA AlAglomiE A4 Az FHwAds AR5 9 g

Ho

of e &£ whHFe] BAY e TF £t udy FHYHHES FH5A0
SCADA tlolE &= 7]A4% dlolE el 5 7|3kl 2013 69 19H-E 20149 5

] 31L47HA] 1d3Ee] vlolH & AR&-3telt).

Fig. 12 SCADA system

Table 3 SCADA data of Seongsan wind farm

Item Description

Power production Alarm data WTG 1 ~ 10

2013. 6. 1 ~ 2014. 5. 31

Measurement period
(1 year)

_17_



3.1.2 7IA g THLAGEA

7 FEEdEA = AFeld A Al e PH L lom, axd
2’

A

No. 5

Wake Mast NO. 6

A

Korea . No. 8

»

| X
Japan A0
.ongu.“."t. ’/ | * .

A% No. 11
4 o A

Gaéiri ®) : Free Mast No. 12

*
o

——+—130km

Fig. 13 Layout of wind turbines on Gasiri wind farm

Table 4 Specification of wind turbines of Gasiri wind farm

Manufacturer Rated ' Rotor Hub height IEC
power (kW) diameter (m) (m) class
Hyosung 750 50 50 IA
Unison 750 50 50 IA
Hanjin 1500 77 70 oA

_18_



3.1.2.1 57 do|H

Fig. 149} Table 59l 234
& el 70m Eolel ¥
201491 29 19%H 201549

(a) Outside met mast (b) Inside met mast

Fig. 14 Met mast of Gasiri wind farm

Table 5 Met mast properties of Gasiri

Outside met mast Inside met mast
Height of
anemometer 70, 68, 60, 50, 40, 30 70, 68, 60, 50, 40, 30
(m)
Height of wind
vane 70, 40 67.6, 36.6
(m)
Measurement
) 2014. 2. 1 ~ 2015. 1. 31 2014. 2. 1 ~ 2015. 1. 31
period

_19_



3.1.3 314 »d 2 AHAA=xA

WindPRO®} Meteodyn WTE o]&38le] Axbd o] mpE A3 F=dkd
oA F3sl7] 98, A2 FELAGAE FA o= SkmX5km,

7
10km>x10km, 15kmXx15km, 20kmx20km<¢] 57F#] Zw|Ql d9<S Fig. 159

| 10km x 10km |

1Skm % 15km

o 20km X 20km

Fig. 15 Domains for predicting power production
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Table 6 Parameters used in Meteodyn WT

Properties Parameters
Horizontal 100m
Vertical 10m
Horizontal 11
expansion Coefficient ’
Vertical 12
expansion Coefficient '
Verticality parameter 0.7
Smoothing 1
Thermal stability class 2(Neutral stability)
Maximum iteration number 300
Convergence 100%
627200
5km><5k
R (140%140%32)
924800
7.5kmX<7.5k
o (170x170x32)
Mesh
s 10km>< 10km 1292832
(points) (201x201%x32)
2213408
15km><15k
o (263%263%32)
232
20km><20km 335923
(324<324%32)

Fig. 16 Mesh for 5kmX5km domain size

_21_



41 4%, 7 EHRARA A APBER 5

THANEA(GFAE 2 A=A F)ol wet F
t[31] ofell we} FHEAAA IS F= ADH
RIX(Ruggedness Index)& AH&3sto] sfid= o] &
RIX®| Aol= AFAAE 30% vt 2 AxWd} 1
th(33] gyt o S AL EZFE 3.5kme| WY WA A xH HBAIEE
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ojl AretA G S oWt} [34]
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= Fig. 170 WeplAT A vEE2 72 F5ddx] S o2 HE 3.5km,
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AAMEE 30%(16.7°), WS 5° tAo R Xkt siA Ax}, A =
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Fig. 30 Wake effect at Jensen model

(Sector: 180°~210°, domain size: 3.8km><3.8km)
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Fig. 31 Wake effect at Jensen model

(Sector: 220°~250°, domain size: 3.8km><3.8km)
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Fig. 32 Wake effect at EV model

(Sector: 180°~210°, domain size: 3.8km><3.8km)
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Fig. 33 Wake effect at EV model
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Table 7 Wake effect with wind sector

Measured data

Predicted data

. Wind Wind
Wind
. Free . speed at . speed at .
Wind . speed at | Reduction Relative Relative
wind M.M for M.M for
sector d M.M for rate K error " error
e ake ake
©) oPe wake (%) v (%) v (%)
(m/s) (m/s) (Jensen) (EVM)
m/s
(m/s) (m/s)
140 3.94 3.39 13.82 3.57 5.25 3.65 7.57
150 4.25 3.48 18.19 3.89 11.72 4.00 14.90
160 5.28 4.77 9.64 4.98 4.37 5.19 8.68
170 5.62 5.22 7.04 5.43 4.03 5.49 5.21
180 4.99 4.68 6.36 4.50 3.78 4.88 4.45
190 5.46 4.99 8.52 4.63 7.30 5.16 3.31
200 6.09 5.13 15.80 5.00 2.50 5.22 1.78
210 6.39 4.56 28.63 5.14 12.65 4.97 9.01
220 6.51 3.74 42.46 5.13 36.94 5.21 39.02
230 6.44 3.79 41.19 5.02 32.46 5.32 53.04
Avg. 5.5 4.38 19.17 4.73 12.10 4.91 14.70
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