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Abstract

The investigation on wind farm design using CFD technique was carried out
to reduce turbulence intensity in a wind farm then the design method for
maximum Annual Energy Production, AEP, and minimum turbulence intensity
was proposed with combination of WindPRO and Meteodyn WT.

Since the flow model of WASsP utilizes two dimensional linearized equation to
calculate the wind resource, it can not be used steeper terrain than 15 degrees or
more. To solve this problem, the commercial software Meteodyn WT was
introduced in this study, which utilizes Navier-stokes equation with three
dimensional coordinate to improve the accuracy of calculation of wind resource.

A potential wind farm in Gasiri of Jeju Island was selected where 5bm-met
mast data was collected for 31 months. The initial layout of wind turbines with
maximum AEPs was derived using WindPRO which is mainly used for wind
farm design in South Korea and is highly known to the wind industry around
the world. Then the distribution of turbulence intensity on complex terrain of the
potential wind farm was calculated and visible by Meteodyn WT. Based on the
distribution, wind turbines were positioned manually. Three times iteration were
performed additionally to find the positions where wind turbines have minimum
turbulence intensity and maximum AEP. The distances between turbines were 5
rotor diameter, D, 6D and 7D, of which 6D was identified as the best layout for
the purpose of this study.

As a result, wind turbines could be deployed at positions with 7.78% reduction
in representative turbulence intensity and 2.23% increase in AEP. The final
layout did not meet the category of higher turbulence intensity of 169 specified
in IEC standards 61400-1 because of higher turbulence intensity at the potential
wind farm surrounded by complex terrain.

It is necessary to take into account wake effect in wind farm design to obtain
maximum AEP and avoid wind turbine failure in order to guarantee wind

turbine’s lifetime.
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(2) Modified Park Model
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(3) Eddy viscosity Model'®
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(4) EWTS I Model
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2) Turbulence Model

WindPRO9} Meteoyn WToll A #|&3tE GFRES FAHoz HeFstA AW
st o, B =folx A}8¥ 4SS Frandsen Turbulence Modelo] th.

ofgfoll A E 471% o]¢]o = Blange 29 So] Ao} o7jME A
=3

(1) Frandsen Turbulence Model™

o] 3t FHAIZEZEe] TRZ A FUMEE FIPE R E(The added
turbulence intensity)¥ Frandsen®} Thogersen©] A|¢HsE o}l 21 (26) 0.2 AAkgk
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Fig. 9 The added TI with the distance in the wake.
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(2) Danish Recommendation®’
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(3) D.C Quarton & TNO Laboratory?"

D.C. Quarton¥} J.F. Ainslie®] $F= wWAst= F7F

gom F2ote]l wEluEHEL Quarton, Ainslie 233 Uvld
o Al A 7g 8F A vk

Lua =K, « Cpt e I« (X/X,)™ (30)

, X= IAARNE] A X & 2
Firel Zdojolth

4 B AFgES Table 30 o8 A& 4 At

Table 3 Proportionally constant and exponent

Reference K, ~Constant

ol -Constant OfoConstant OZB*COI’IStal’lt

Quarton and

Ainslie 4.800 0.700
(Original)

Quarton and

Ainslie 5.700 0.700 0.680 -0.960
(modified)

Dutch TNO 1310 0.700 0.680
laboratory

0.680 -0.570

-0.960
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I $89x A4 S/W 2 g4
1. WindPRO

WindPRO® A  A5%H = WAsP(Wind Atlas  Analysis and Application
Program)< Wvk= RisodT-4&elA 7iEstg o, BRAFE Avs 574 3l
S fste] MdE 73 A4 RdS o] &gk

502 Troen(1990)2] BZ-modelS AM&3tA =t ol A9S AUsE &

WinPRO®] 4% d¥8H oz destd $RrEd 9 dRedo] A gHol &9
BAGAN 7 FEAA AN FEALEY FRAR] S BAE $ 9
w2 AAEA 2y oFd oF dRAEe e T 5 e vdol
o]r,]_
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2. Meteodyn WT

o] AXEgoj= 2003 Didier Delaunayoll @& Zg2ox 7=, &

A AAA 40 M A AFEFH I YA T S =

AFEE A A= ZTF Meteodyn WTE AAFEaid WS 7vtoz AAES
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Fig. 1322 WindPROE o] &3to] A3 7kAlg] THATE By, #2410
otZo]l AAE FTHAFola IAFo g "ol o 7]ggre] AAFHUTE &
of HxAR PAHo] Qo HFEoZE= ZxAo] QA Atk JHA Y TH

=
A7 LEEE YA dSS 2DE 9o &
Fig. 14%= Meteodyn WTZ o 2

o
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@ Jhle FHATE meF B
Hupgel 7pAle FAA T ARGRS DR WelFa gle] 0 EuolE A
ZHoz 47 AT F Atk Y BFHATE 2F0R B AP w
oF glow, debt ANWR BAXH AFe APo] ¥, FE U I

e Slo] FEWFoE Fio 7H&ARol

Table 4 Properties of configuration for grid

Properties Parameters
Minimum horizontal
. 50m
resolution
Minimum vertical
. 10m
resolution
Horizontal expansion
. 1.1
coefficient
Vertical expansion
- 1.2
coefficient
Verticality parameter 0.7
Smoothing 1
Forest model Robust model
Maximum iteration
25
number
. 2 = neutral
Thermal stability class .
stability
1,215,293 points
Mesh o
©s (197+199%31)
convergence 100%

Table 5 Gasiri site and type of wind turbine

Gasi-1i, Pyoseon—myeon,
Location | Seogwipo-si, Jeju—do,
South Korea
Capacity 30MW = 3MW x 10Units
Name Vestas V90
Diameter 90m
Type of Hub height 80m
wind Control type Variable Pitch
turbine Cut-in 4m/s,
Regulated 15m/s
Cut-out 25m/s
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Fig. 15 The picture of Met. mast’'s location

Table 6 Met. mast properties

Sumang-ri, Namwon-eup,
Location Seogwipo-si, Jeju-do,
South Korea
Coordinate 285360.25, 3693006.50
system (UTM WGS &4)
Measuremen 2006. 11 ™ 2009. 6
t period (31 months)
Height of 55m, 40m, 30m
anemometer
Distance 4.2 km away from WF
Measured Wind speed, Wind direction,
data Humidity, Temperature

Table 6°] F=HAFHe FFAE 3 B faia Abgd 71 9%
e AT 7HA] HATFRZEEH $MECRE 42kmEoid ¢

% 23708

Ao AAEon, FA7]7F2 2006.11 ~ 2009.6S.= 317fL 7ol F4 9 A
Foow it $3%el ¥ ALE RlF1 ol F4W WRPE ¥
2 AL ¥ F Ak
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Fig. 16 Illustration of Met. mast.

,31,




] =52

Fig. 17 The pictures of sensor installed on Met. mast..

Table 7 Specification of sensors

Sensor Raw Sensor Output | Data Output Range
NRG #40 0 to 120Hz 0 to 91.63m/sec
Anemometer
0 to 10K ohm
#200P Wind Direction 0 to 25V
vane 8°dead band about 0 to 359 degrees
north
#1105 Temperature 0 to 25V 40T to 525C
Sensor
BP-20 Pressure 0 to 5V 785 to 108.6kPa
Sensor

Table 8 Scale & Offset value for sensors

Item Anem. Vane Temp. Barom.
Height 55m 40m 30m 55m 2m 2m

Unit m/s m/s m/s Degree T mb

scale 0.762 0.765 0.765 0.351 0.138 0.426
offset 0.36 0.35 0.35 0 -86.383 647.406
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Table 9 Description of each case

Elevation Distance Angle
No. ¢
(m) (m) )
CASE | WTG 1 145.8 579 s
1 WTG 2 1405 (6.3D) '
CASE | WTG 9 125.0 287 9976
2 WTG10 125.7 (3.2D) '

CASE 19 A9 WTGEHWAZ]) 13719 WTG 2357], CASE 29 A
WTG 93719 WTG 102712 Adgsa 371x9 FHRIS 28319

WindPRO® o] =& kot A4 dzg vlastdeh. WindPRO(Ver. 2.7)014 =
Z} CASE 25 Aol Zenloa] 2 sts 3852 ko] Zagulo] 243
o2 Q& WES JPdel TF e AU, Tm/sel RS APez ¥
AA A qEstgnh. AA 2d g dolH = WindPROAA AA3E $3 L F50
Ay =28t 1 Hgks Fskach

FUIRAEIL 252 F909 F57 TR MEA EFHEA 229 5
o] H7t HA Heg FudFAEe dHghel wel o Anst 24 WAEH
A $F 9% w2 0§ T2 ARl

7z mdle] Ay FHIAFAEE 16%0]1 o= AdEFeEdds Ao 2=

Table 10 Comparison between measured and
simulated data

Prediction with wake model
Meas
d of WindPRO
';’re N.O. Eddy | EWTS
am Jensen | Viscosity i
CASE 1
(WTG2/ 65% 82% 89% 91%
WTGI1)
CASE 2
(WTGYW | 59% 66% 81% 79%
TG10)

Table 102 AA wdZFo =Ry T3 79 33} WindPRONA o4
e HolFa Qv =, Aol X% FEEAY] Sl Ed FHe] T4
A7) E€ e HE 3 Axtoltl, CASE 13 CASE 2 2% 7t $/75d F
N.O. Jensen R &o] 7} AA wdwF vie}f 7 A dlSstkar ok ey A A
A 7 ASEAl oS¢ N.O. Jensen RERTE vhe WA GES HoF
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2) Meteodyn WT

o] 714 ALE3 Meteodyn WTC A2FAne] ta #1Z=S 317 95t 7148
AN Z4H TFuHE o] &3ATh 30met 40melA A4 ¥ migdolE & o
&3te] 5omol A o] WRAEE dSstal, AA 5omolA SAHE IR Ee vl
oy AZL APEIY).

Fig. 13o] Z=AIgk vpe} o] 7] $1X|oll A 30°9 60" WaFell Al 4% whs
delelE AAgste] dF ¥ vaEAsidnt. 1 o)fv 714 HEelA 30=2 60
T wgos FHmuele] 7 AV Wil FYEE fEol AP 5EAHS Ut
A ekl Aow A7) uielth

Fig. 21¢} Fig. 22 1 A3 & RoFH ASTH dddAds a7 vha 24
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A7F A5s @ e, 2 olfE Fig. 13914 ®els AAH 30T nes
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Fig. 21 Predicted and measured Tl ( 55m, 30° ).
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3) Meteodyn WTE o] &3lo] TEHAAGAY GFAE A =5 A s
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5

¢} 1
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Fig. 23 Flow chart for wind farm design
considering TI.
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Fig. 26& AW 8 Z2zte] FHAL9S FARAAE 9o] ©AF 1Yol
o 7 BYAzEe] fxe] we Fexpdde] wWas a9 24 gl welth
S FEAQAET u AEAFS AT S gloh dustd FRA 9
§ FEAGAYL 18T 5 g7 WRelth olF @] 915ke] Meteodyn
WTE o] &390 Table 113} Table 120] A#FH oz A% Y&S e
AT,
Table 11 Tl and AEP of initial layout including wake impact in the case
of 15m/s, 4D
WTG | Ambient | Added | Effective | 1oP/eS¢ | AEP g e
-ntative | (MWh/
No. TI TI TI loss
TI year)
1 0.123 0.104 0.168 0.212 5726.5 -22.6
2 0.133 0.128 0.192 0.236 5815.9 -20.5
3 0.122 0.005 0.124 0.167 7293.5 -25
4 0.121 0.006 0.123 0.167 6913.0 -6.3
5 0.134 0.114 0.179 0.223 5681.8 -20.9
6 0.128 0.049 0.14 0.183 6053.9 -15.9
7 0.123 0.152 0.204 0.248 5444.2 -24.3
8 0.132 0.088 0.163 0.207 5647.1 -19.5
9 0.138 0.006 0.139 0.182 6721.6 -4.2
10 0.137 0.068 0.162 0.206 6159.5 -12.9
MEAN 0.1291 0.0720 0.1594 0.2031 6145.7 -14.9




Table 11> WinPROE o] &3lo] & Z7|ujxo] that FHFdFo] e
FAES AEPE AHH oz HoFEU WHFAEE IEC 61400-1 ed.39lA W&
A HE AT o AlEsE 15m/s &AL Folth APukel FHAA
7)ol olFEdtE FRIGFAEY A9 0.121~0138H9Y S HoFE dlHo|
ol x3tE TEHAAYHOoZRY WASE FrAYFRAES H9+= 0.005~0152=
FolH oz WMol At

Fig. 240] 24 A& vgen 7 g5s w4
H el A 2
o

= 245 dae & 5

Table 12 Tl and AEP of final layout including wake impact in the case of

15m/s, 6D

WTG | Ambient | Added | Effective f{ffarsiz (Q\];:Vi /| Wake
No. TI TI TI TI vear) loss
1 0129 | 0068 | 0.149 0193 | 57684 | -182

2 0131 | 0092 | 0.6l 0205 | 56468 | 207

3 0121 | 0003 | 0122 0166 | 72958 | 26

4 0123 | 0009 | 0.25 0168 | 66983 | -7.7

5 0133 | 0031 | 0.144 0188 | 64758 | -103

6 0133 | 009 | 0.164 0207 | 57644 | -189

7 0123 | 0032 | 0.134 0178 | 63340 | -122

8 013 | 0082 | 0155 0199 | 56982 | -193

9 0132 | 0009 | 0.134 0177 | 66491 | 63
10 0137 | 0020 | 0.148 0192 | 65435 | -7.3
MEAN | 01202 | 0.0445 | 01436 | 01873 | 62874 | -123
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