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Summary

For the fundamental study on a small wind turbine, the performance of the small
wind turbine and wind resource were measured in Hangwon wind farm on Jeju
island. The small wind turbine with rated power of 720W and 10m in height was
installed in the wind farm. Also the meteorological mast with 10m in height was
installed near the small wind turbine for measuring wind data. Using WindPRO and
WASsP, wind characteristics such as average wind speed, wind direction and
turbulence intensity were analyzed in detail. As a result, wind conditions in Hangwon
wind farm were found to be suitable for the performance testing for the small wind
turbine. The power measured from the small wind turbine was a little smaller than
that from manufacturer. Since that came from a technical error, the measured power
curve could be similar to manufacturer's. In this study, the problem about yawing of
the small wind turbine occurred during performance testing. Accordingly, when a
small wind turbine was installed at a site, it would be important to erect without
having a tilt any directions. Also it is necessary to investigate on design, structure

and weight for the fantails of small wind turbines.
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Table 1-1 Design of load condition in small wind turbines
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Fig. 2-1 Installation of small wind turbine

Fig. 2-1& 3

AAZE EobA W

il
2y

Ox g feiAAY EE

il
il

Ag3 S

el

_14_



Table 2-1 Specification of small wind turbine

Generator 3 Phase Permanent Magnet
Rated Power 720W (28Vdc)

Rated speed 640rpm

Load Switching Dump-Load

Rotor Diameter 1.75m

Number of Blades 3

Blade Material PAG Glass Reinforced Polyamide
Cut in Wind speed 3.2 m/s

Rated in Wind speed 10.5 m/s

Gear Ratio Direct Drive

Yaw System Tail Vane (Brush)

Turbine Brake Short Circuit Switch on Generator
Battery 24V-400Ah(Min)

DC-Converter Battery Charge

Table 2-19] AlSE A EWH Generator= 3% G TR = FAHA o =
H2pA o] WA 7] P A 23293l Rated Powers 720W (28Vde)®= BBl &3}
of ARd A= AFYS BojFal 9o, Rated speed= 640rpm o= IF7
Al F-3}E  Switching Dump-Load= H.ujo] AHEA]ZITE, Cut-in Wind Speed™

3.2mis2 ANHYL A3 FeMAs|e Al HOE o} 91ee ¥ & 9

Rated in Wind speed®] 7d-%- 10.5m/s ©|t}. Yaw System®] A|ow}2] Tail
Vane0 = =3 A% FTHIA7|A HEA7I= FAelt. 3RS XES
17575 olal &% FEdd7]7]e] BAHAYS 24voe|tt.
SAFE (W) Power curve
1000
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200
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Fig. 2-2 Power curve
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Fig. 2-3 Small wind turbine blade
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2.1.1.3. Dump load

Dump Load
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2.1.1.4. Brake

To Generator

Brake (3 Phase Short Circuit ) ON = Wind Turbine Stop
OFF= Wind Turbine Run

Fig. 2-6 Brake system
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Fig. 2-7 Diagram of small wind turbine generator system
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Table 2-2 Specifications of sensors

9300 Data Output

Sensor Raw Sensor Output 9300 Resolution
Range
#40 Anemometer OHz to 125Hz Im/s to 96m/s 0.271%
200P Wind 0 V to excitation )
o 360° rotation 0.271%
Direction vane Voltage
110S Temperature p S
0 to 2.5V -40C to 52.5C 0.271%
Sensor
LI-200SA Li-Cor 93.7microamps/ >
[ 0 to 3000 W/m 0.271%
Pyranometer 1000 watts m
BP-20 Pressure
0 to 10.55kPa 15 to 115kPa 0.271%
Sensor
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Fig. 2-12 The meteorological mast
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2.1. WindPROZ 0|23 =524

AAA oz Qe AHEEE WindPROE 2 A7 A% Abgete] FFEAL o
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Fig. 3-1 Wind speed vs. time
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Fig. 3-5 Wind roses
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Awerage Characterstc Turbulence (IEC 61400-1ed. 2) Average Characteristic Turbulence (IEC61400-1 ed. 2)
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Wind speed

IEC 61400- 124 2) - Categary & higher turbulence character B ties
IEC 61400-1(2d2) - Categary B luwer furbulence characteristies
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Fig. 3-7 Average characteristic turbulence
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Table 3-1 Roughness class of WindPRO

Roughness class

Roughness length

Relative energy %

0 0.0002 100
Water areas.
0.5 0.0024 73
Mixed Water and land area or very smooth land.
1 0.03 52

Open farmland with no crossing hedges and with scattered buildings. Only
smooth hills.

1.5 0.055 45
Farmland with some buildings and crossing hedges of 8m height and about
1250m apart.
2 | 0.1 | 39
Farmland with some buildings and crossing hedges of 8m height and about
800m apart.
25 | 02 | 31

Farmland with closed appearance and dense vegetation - crossing hedges of
8m height and about 250m apart.

3 | 0.4 | 24
Villages, small towns, very closed farmland with many or heigh hedges,
Forrest, many abrupt orographic changes, etc.

B .5 0.8 18
Large towns, cities with extended build-up areas.
4 1.6 13

Large cities with build-up areas and high buildings.

FEdlolE e HAo] dastn, o] AHe

3 Aol FEZdolEE 10molA SAHYE HolE S 3
2 E(Wind profile)E L olWth. WindPROE ko018 Hit s

Yz A A =

2ol A Arks o e
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v, = Vh(ih—)Y ' (3-3)

V., Vi @ Ao RRE xo] z B h oM FH

HA% o ke Be BEAY F99 AR e Mt wgAFly

Table 3-2¢ YERHSATEH

Table 3-2 Wind gradient exponent on WindPRO

Roughness Class Roughness Length Wllr:id Gradient
Xponent
0 0.0002 0.1
1 0.03 0.15
2 0.1 0.2
3 0.4 0.3

=)

1=
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3l WindPRO fileS Al4Fsl= WindPROX Z 130 A Fig. 3-83}
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2.2. WASPE o| &35t E4
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Flu) = () texp| - (45 )| (3-4)

o714 ue 552 YER L A Scale parameter® wXEHE 59 H x| 9}
#ASH, ki Shape parameter= WX H I HAFe} #ASIE Aot} ke

S P FL FE NEE VXY, F50 AGEEE HA

Ju
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V=AW vav (3-5)
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4 (3-5) A HE 55 Aol shd, o BAdAM v 22 dubyo]
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e

V”=C"F(1+—}§), 1+(7’§>>0 (3-6)

webA, 91 AN FLo] SHE I oyl gl 93 C K9 kol
ALt CoF K #e €W FHAUAZE 2 olyX] E=E 2(3-7)d 23|
Axk g 4= A Ho
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Pu=gpA [ VIRVIAV (3-7)
_ 1 3 3
= 5 pPACT(1+75)
A71A, pv 3719 Exlkg/m'], Av 719 FAHEA[m'], I's Gamma T
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.

_38_



_B_ 3 _
A_ZDV (3-8)

o] A& npete] FYaAe dojA] Fas Aoz upge] o= =E 3]
A Al BlEskar S5V 3l vEds & 5 A . wEbd $E

AU E Fgelr] AN zolgE vhete] Zd rg Mulal

8

ofN

rr

ol

AT AAE Aol A A Fo =i EH 10mEole] F53 Ty
ALEE et -4 a1 gro]l ¥ ¥ o] Sl FA A=l U5 Table 3-3

o] WindPROOI A =g+ gt v &= WAsPe| 71 & 7] dolE st
o AE AHS stk w@A el 7he F9l 15709 $H 7] 45me] B

ol2 7HAAL jlo] TR AEdel ol gle Aor AdEo] iy el Al

Table 3-3 Roughness length of WAsP

Zo[m] Terrain surface characteristics Roughness Class
1.00 | city
0.80 | forest
0.50 | suburbs
0.40 3(0.40m)

0.30 | shelter belts
0.20 | many trees and/or bushes

0.10 | farmland with closed appearance 2(0.10m)

0.05 | farmland with open appearance

0.03 | farmland with very few buildings/trees 1(0.03m)

0.02 | airport areas with buildings and trees

0.01 | airport runway areas

0.008 | mown grass

0.005 | bare soil(smooth)
0.001 | sonw surface (smooth)
0.0003 | sand surface(smooth)
0.0002 0(0.0002m)

0.0001 | water areas (lakes, fjords, open, sea)
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Fig. 3-10 The wind speed map from WASP
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Fig. 3-11 The wind power density from WASsP
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T 1omin - 10min Averaged Absolute Temperature[K]
B omin 10min Averaged Air Pressure [Pa]

R, . Specific Gas Constant 287.05[J/kg.K]
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3.3.2.

Power Curve
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