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Development of the 1 kW Variable-Pitch H-type Darrieus Wind Turbine
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Abstract

This paper describes the performance of a 1kW H-type Darrieus wind turbine with variable-pitch
blades. The variable-pitch mechanism consists of the four-bar linkage and the cylindrical cams. A feature
of the mechanism is to be able to control the pitch angle of blades and the turbine direction to the wind
direction for rotating. The performance of wind turbine was measured by the wind tunnel and field tests.
The wind speed of the self-start of the wind turbine with variable-pitch blades is smaller than that with
fixed pitch blades. The power coefficient of the wind turbine with variable-pitch blades showed an
increase of 30 percent than that with fixed pitch blades in any tip speed ratio. At the strong wind, the
variable-pitch mechanism is able to control the rotational speed and ceases of the wind turbine without
mechanical break. According to result of the field test, the power coefficient of variable-pitch wind
turbine with light blades of FRP is better than that with heavy blades of aluminum.
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Table 1 Wind turbine specification

FT1 FT2

Name

Wind Turbine
(Over View)

NACA63,221 < i—

Blade Unknown
Blade Chord Length ¢ 265mm 353mm 300mm
Number of Blades n 4 3 3
Diameter D x Height/ | 1670 % 2000mm | 1670 X 2000mm | 2200 X 2000mm
Variable-Pitch Fixed-Pitch Variable-Pitch Variable-Pitch
] oo =11.9° =119
or Fixed-Pitch ? @,=+15.0° @,=0° ~ +17.3°
Solidity o(=nc/aD) 0.202 0.130
Wind Tunnel
Turbine —1 p
6000 VTP L
3000 | Flow N\ .| [*4qt
— R
— 3 i
Coupling —~ Slit circular plate
Torque Transducer
Motor

Inverter

Computer

Fig.7 Experimental apparatus for wind tunnel test
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Fig.10 Tip speed ratio 4 vs. wind velocity V for the

H-type Darrieus wind turbine with fixed and variable
-pitch blades (8, = 0°, zero-load condition)
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Fig.11 Blade pitch angle amplitude ¢, vs. self-start
wind velocity V, (FT3, 6, =0°, zero-load condition)

Vol.36, No.1

JBETH D, HOEEIEI Ry, UL, KMHEH L
Bz iU, Y74 742V hELTH, K 11
WRT K ) IR IR A, = 211 3°ZHETH I L
T, EEEE V, ~ 1.04nvs OIRJEGE T FT3 EE %2 H
EEI X, FI2 AED X I ICRE DS Fash 25
RTBIENTES, %77, 12 IZEIRN A g, 128
W CEGE VISR S FRADZEL 2 7R T, ¢, =£3.0°,
+6.7°D X 9 /NS R T AR RE A= 3.1 2157,
—JTC, RNADPKE g, = £173°TlE, FHELD
L B DR v=136nys TA=144 2157208, &K
JlditbA=2.1 FREE & R s E DML 72\, fEo
T, FEEAREIRIC 3 o, = £11.3°, AR I 120, =
+6.7° & FIfE 7 2 B8H% ¢ R Rl C b R ff 2 28
T52 LT, RELHEIENTE S,

(2) EEOEEREFEIE  EE V=8m/s IZE T,
FOERRF T OO 6, 12K 2 FT3 O [Alfi %
WHATRLTH Y9 7ic7ay FLEb D2 13
W, EEERERE (L) 1, o, =+6.7°,+11.3°DE;

35
3.0 1
2.5 1
2.0 1
Sslo 2
- 75
10 ~
0.5 1 b l;l:egiPilch
0.0

0 2 4 6 8 10
V[m/s]
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Fig.15 Tip speed ratio A vs. power coefficient Cp for
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Fig.19 Power generation vs. wind speed
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