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Fig. 1-1. Trends in power generation facilities composition ratio in Japan.
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Fig. 1-2. Transition in the world's primary energy consumption.
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Fig. 1-4. Life Cycle Carbon Assessment Comparison of different power

generation facilities of Japan.
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(a) Horizontal axis wind turbine. (b) Vertical axis wind turbine.

Fig. 1-5. Classification example of a wind turbine.
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(a) Examples of tidal power (b) Measurement of characteristics
generation equipment. by use of water channel.

Fig. 1-6. Tidal power generation equipment and water turbine.
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Fig. 2-1. Outline of straight-bladed vertical axis wind turbine.

Table 2-1. Specification of turbine.

Turbine size D600xH450 D1600xH 1600
Number of blade 1,2,34,5,6 34
Diameter : D [mm] 600 1600
Height : H [mm] 450 1600
Chord length : ¢ [mm] 100 280
Camber length [mm] 105.5 281.5
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Fig. 2-2. Outline of arc camber blade.
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(a) 1-blade turbine. (b) 2-blade turbine. (c) 3-blade turbine.
--.-| Teloaws I-.- k I

(d) 4-blade turbine. (e) 5-blade turbine. (f) 6-blade turbine.

Fig. 2-3. Definition of position angle.
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(a) Experiment system. (b) Outline of measurement system.
Fig. 2-4. Experiment system of starting torque tests

for turbine size of 450mm height and 600mm width.
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(a) Experiment system. (b) Brake plate and anti-rotation rod.

Fig. 2-5. Experiment system of starting torque tests

for turbine size of 1600mm height and 1600mm width.
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(a) Setting position of turbine. (b) The system outline.

Fig. 2-6. Measurement system about turbine size of 450mm height and 600mm width.
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(b) 2-blade turbine.
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Fig. 2-7. Characteristics of starting torque.
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Fig. 2-8. Characteristics of coefficient of starting torque.
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Table 2-3. Average starting torque coefficient.
Wind Average starting torque coefficient
d

S[f;z] I-blade | 2-blade | 3-blade | 4-blade | 5-blade | 6-blade

9 0.007 | 0.011 | 0.017 | 0.022 | 0.025 | 0.034

12 | 0.007 | 0.010 | 0.016 | 0.026 | 0.025 | 0.033

15 | 0.007 | 0.011 | 0.016 | 0.028 | 0.031 | 0.034
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(a)Setting position of turbine.

(b)The system outline.

Fig. 2-9. Measurement system about turbine size of 450mm height and 600mm width.
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(a) Setting position of turbine. (b) The system outline.

Fig. 2-10. Measurement system about turbine size of 1600mm height and 1600mm width.
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(b) The turbine of 1600mm height and 1600mm width.

Fig.2-11. Characteristics of starting torque for 3-blade turbine.
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Fig. 2-12. Characteristics of starting torque for 4-blade turbine.
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(b) The turbine of 1600mm height and 1600mm width.

Fig. 2-13. Characteristics of starting torque coefficient for 3-blade turbine.
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Fig. 2-14. Characteristics of starting torque coefficient for 4-blade turbine.
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(a) Experiment system. (b) Outline of measurement system

Fig. 2-15. Experiment system of load tests.
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Fig. 2-16. Output characteristics of 450mm height and 600mm width turbine.
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Fig. 2-17. Output characteristics of 450mm height and 600mm width turbine.
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(a) Experiment system about turbine size of 450mm height and 600mm width.
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(b) Experiment system about turbine size of 1600mm height and 1600mm width.

Fig. 2-19. Measurement system for wind speed to initiate rotation.
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(a) Measurement system. (b) Outline of system.
Fig. 2-20. Outline of measurement system for wind speed to initiate rotation

about turbine size of 450mm height and 600mm width.
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(a) Position angle adjuster. (b) Outline of system.
Fig. 2-21. Outline of measurement system for wind speed to initiate rotation

about turbine size of 1600mm height and 1600mm width.
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Table 2-4. Wind speed to initiate rotation for 3-blade turbine.
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450mm height and 600mm width.
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1600mm height and 1600mm width.
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Table 2-5. Wind speed to initiate rotation for 4-blade turbine.

(a) The turbine size of

450mm height and 600mm width.

(b) The turbine size of

1600mm height and 1600mm width.

Position I Position OTmax | @Tmin
angle angle

ot start 60 deg | 15 deg at start 70 deg | 30 deg
Wind Wind

speed 11 17 speed 4 9

[m/s] [m/s]
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(a) Outline of turbine. (b) Definition of blade setting angle.

Fig. 3-1. Turbine outline and definition of blade setting angle from -6 to +6deg.
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(a) Support plate, from -6 to -1deg. (b) Support plate, from +1 to +6deg.
Fig. 3-2. Support plate for blade setting angle from -6 to +6deg.
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Blade setting angle 8, =-6deg 4 —4deg < —2deg 4-0Odeg ® +2deg 4 +4deg M+6deg
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(a) Wind speed 9m/s.
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(b) Wind speed 12m/s.
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Blade setting angle 3, +-6deg A —4deg < —2deg #-0deg ® +2deg A +4deg M+6deg
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(c) Wind speed 15m/s.

Coefficient of starting torque C;

Fig. 3-3. Characteristics of starting torque about blade setting angle.
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Fig. 3-4. Average starting torque coefficient about blade setting angle.
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(a) Outline of turbine. (c) Definition of blade setting angle.
Fig. 3-5. Blade setting angle, from 30 to 90 and Odeg.
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Average starting torque coefficient
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Fig. 3-7. Average starting torque coefficient about blade setting angle.
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Fig. 3-6. Characteristics of starting torque coefficient.
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(a) Wind speed 9m/s.
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(b) Wind speed 12m/s.

Fig. 3-8. Characteristics of rotational speed and load torque about blade setting angle.
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Fig. 3-9. Characteristics of tip speed ratio and turbine efficiency about blade setting angle.
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Fig. 4-1. Outline of turbine, main blade and aileron.
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Fig. 4-2. Starting torque for 4-blade turbine with the fixed-angle aileron.
(Wind speed 12m/s)
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Table 4-1. Average starting torque coefficient for 4-blade turbine

with the fixed-angle aileron.

Aileron type | F R | No aileron

L 0.022 {0.013
.01
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Fig. 4-3. Starting torque for 1-blade turbine with the fixed-angle aileron.
(Wind speed 12m/s)

Table 4-2. Average starting torque coefficient for 1-blade turbine with

the fixed-angle aileron of position angle between 150 and 270deg.

Aileron type | F R [ No aileron

L 0.057 10.041
S 0.027 10.022

0.012
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Fig. 4-4. Starting torque for 4-blade turbine with the fixed-angle aileron.
(Wind speed 12m/s)
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Fig. 4-6. Starting torque for 1-blade turbine with the fixed-angle aileron.
(Wind speed 12m/s)
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(c) Average starting torque coefficient of position angle between 150 and 270deg about
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Fig. 4-7. Starting torque coefficient for 1-blade turbine with the fixed-angle aileron.
(Wind speed 12m/s)
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(d) 4-blade turbine.
Fig. 4-8. Starting torque with y =70 deg aileron on blade attack angle 150 to 270deg.
(Wind speed 12m/s)
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Fig. 4-9. Opening-and-closing aileron.
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Fig. 4-10. Coefficient of starting torque for 1-, 2-, 3- or 4-blade turbine.(Wind speed 12m/s)
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Table 4-3. Average starting torque coefficient for 2-, 3- or 4-blade turbine.

rf;:lnzle: dZi H-type R-type | Simulation | No aileron
2 0.046 0.046 0.042 0.011
3 0.064 0.059 0.052 0.019
4 0.074 0.076 0.075 0.021

JEEL DN E A & MBI EOBBIREE %K 4 — 48T, HB X OR IR B4
BB O, AR O LB E A MBI EIC X 5 EBROBHPIRIE L —E LW D& A
NWbb, meziEE4—4 (c) IRT IHERIIZENT, ABRONEMA2 0~
115de gBLOCHEHDNBEMO~25de gl2BIFDBHRIER, AIEOFER
TIEHML S & L7z, HB XORFROHAZABIRE CTIX, BV IREES L <IXBE
PAZ MY IRTIREL 7207, ZOXIRIEATEH, K4—10 (c) OEHE) bV
7 KD B HIB LOR SR OBHARMB I L 2ESE) hv o & BEEMMBIEIC L
0 BB B3 A A L - EBROBE) b2 HRIE B L EE o TV S, ZO
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B E LT, HBXUORFROBAARMENE & BREARAED B2 A AL1E A TIE, #i8h
B2k L TR EANCENFEL, fMhEAL-IRANELNLI O EEZI NS,

Table 4-4. Aileron condition for 1-, 2-, 3- or 4-blade.
(a) 1-blade turbine.

Position | Aileron type | Position | Aileron type | Position | Aileron type | Position | Aileron type
angle angle angle angle

[deg] | H| R |Sim| [deg] |H | R [Sim| [deg] | H [ R |Sim| [deg] | H | R |Sim
0 X | X | X 90 O] —|X 180 OO0 270 | =] —]O
5 XXX 95 |O]—[Xx]| 18 |O0|0|0O]| 275 |—|—|X
10 | X[X[X] 100 |[O|—[X]| 19 [O]O]|O]| 280 |—|—[X
15 [ X[ X[ X[ 105 |[O]—[X]| 195 |O]|O|O]| 28 |X|X]|X
20 A= X[ 110 [O]—=[X] 200 |O[O[O] 290 | X |X[X
25 Al —[X 115 O] —[ X[ 205 [O]O[O[ 295 | X |X|X
30 Ol —| X[ 120 [O]—=|X] 210 |O[O[O] 300 |X|X[X
35 O —[X 125 |O ] —[ X[ 215 [OJO[O] 305 | X|X]|X
40 Ol —| X 130 [O]—=[|X] 220 |O[O[O] 310 | X|X[X
45 O —[X 135 O] — [ X[ 225 [O]O[O]| 315 | X | X|X
50 Ol —|X| 140 [O]—=|X] 230 |O[O[O] 320 | X|X[X
55 O —[X 145 O] —[ X[ 235 [O[O[O] 325 | X | X|X
60 Ol—| X[ 150 [O]O]O] 240 |O[O[O] 330 | X|X[X
65 O —[X 155 (OO [O| 245 [O]O[Of 335 | X | X|X
70 Ol—| X[ 160 [O]J]O]O] 250 |O[O[O] 340 | X|X[X
75 O —[X 165 (OO O 255 [O[O[O| 345 | X | X|X
80 Ol—| X[ 170 [O]O]O] 260 |O[O[O] 350 | X|X[X
85 O] = [X 175 O ]O O] 265 [OJO[O] 355 | X | X|X

H: H-type opening-and-closing aileron,
R: R-type opening-and-closing aileron,
Sim: Simulation by use of the fixed-angle aileron,

o: Open, : Half open, x: Close, —: Repeat switching.
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(b) 2-blade turbine.
Position | Main blade and aileron type| Position | Main blade and aileron type

A

A

H | R |Sim| H [ R |Sim

Ol A| X
Ol A| X

O|lA| X | X|X]|X

OlAl X | x| x| X

OlAl X | x| x| X

OlAl X | x| x| X

OlAl X | x| x| X

O|lA| X | X]|X]|X

O|lA| X | X]|X]|X

O|lA| X | X|X]|X

O|lA| X | X|X]|X

OlAl X | x| x| X

O[A|O[ X ]| X[X

O[A|O[ X ]| X[X

OlO[O[ XXX

Ol1O0]1O[ X[ X]X

OlO0|O[X[X]|X

OlO|O[ XXX

angle
[deg]
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95

100
105
110
115

120

125

130

135

140
145
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155

160
165
170
175

B

A

H [ R |Sim| H | R [Sim
XX X[O]O[O
X| x| x|[O]lO[O
XX X[O]O[O
Al X X[O]lO[O
AlA]IX]TO[O]0O
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OlA[X[O]0]0
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OlA[X[O]0]0O
OlA[X[O]0]0O
OlA[X[O]0]0O
OlA[X[O]0]0
OlA[X[O]0]0
OlA[X[O|0]0

angle
[deg]
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20
25
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35
40
45

50
55

60
65

70
75

80
85

(c) 3-blade turbine.
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(d) 4-blade turbine.

Position Main blade and aileron condition

angle A B C D
[deg] |H | R [Sim| H | R |Sim| H | R |Sim| H | R |Sim
0 X|X|X]|A]|=[O]|O]|O|O|O]| —[X
5 X[ X | X|X]|—=|X[O]|O]|O|O|—| X
10 X[ X | X|X|—=|X[O]|O|O|O|—|X
15 X[ X | X|X|X|X[O]|O|O|O|—| X
20 X[—| X|X|X|X[O]|O|O|O|—| X
25 X[—| X|X|X|X[O]|O|O|O|—| X
30 [OX[ XX | X|X[O]|O]|O]|O]|—|X
35 OI XX X|X|IX]O]|OlO|10O|—1]X
40 Ol —[X|X|X|xX|O|—-]10[0O]|—|X
45 O]l — | X| X[ X[X[O]|A]|O]|O|A]| X
50 |O]— | x| x|[x]|x]|O|O[O|O]|A] X
55 |O|— | x| x|x]|x]|O|O[O|O]|A] X
60 [O—[X|X|X|X[O]|O]|O]|O|O|O
65 Ol | X| X[ X[X[O]|O]O|O|O|O
70 [Of[-[X|X|X|X[O]|O]|O]|O|O|O
75 O X X|X|X[O]|O]|O]|O|O|O
80 |O|—|[X|X|X|X|O[O]|O|O|0O|O
8 |O|—|[X|X|X|xX|O[O]|O|O|0O|O

DEN, FEZEAHE LORFROMBZLOBHPIRAE & B by 2 Rkl 5 %
HEBEMHT S0, REREEZ9, 12, 15m,/ s & LTEE M 7RRE
BIolz, BAE1 ~ 4B 2HEBL R FRORE) b7 8itEz X4 — 1
1~4—14, #WBEOKHMKELZRL —5~F4— 8I1TrT,

B4 —11~K4—14 TR TE LI ~ 4RO MV 7 FPEiclsnT, frE
AR LTS MV 7 RBUTEUEICIK S FIRIE—H L TWD, 7z, £4—-5~%K
4 — 8T AT HIBIE DOBAMRIEIC I T, JBHIC K - CTRIRTIRIED #70 5 A A A
fFET 5, Bz 4 —5 (b) (R TRGXOBARMENEZ B0 (T 723 1 4

T, MEM15, 145, 280de gDBIPFRENSEEHICE > TRRS> TS,
7, £4—7 (b) 1R TREXOBHMAXMIEZ B {41772 2 BEEREH T
MEA80~95de g DBAMRENEIEIZL > THRA-TND, 2L EA
X, MBENHNOHE LI OICHER T 2L EAS X O BRI AE T 5
BT K o TEN T2 A OFEIIC K 2 582 NN AL E 3 2 #iBh 3 0352 1 5 7 & A
THY M7 FHE~OEBIT/ NSV, Lo T, 20X ) 7o CrIBARRE
MRS THE4 — 1 1~X4 — 1 418 T X9 bv7 BT REICEK S $1F
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F—FHLTn5b,

0.14
0.12
0.10
0.08
0.06
0.04
0.02

o

Coefficient of starting torque C;

-0.02
-0.04

0.14

©c o o o o o
O o o o = =
o N B & © o N

Coefficient of starting torque C;

1
o
o
>

-0.04

#9m/s H-type
4 12m/s H-type
@ 15m/s H-type

=9m/s No aileron
+-12m/s No aileron
<15m/s No aileron

30 60 90

120 150 180 210 240 270 300 330 360
Position angle 0 [deg]

(a) H-type.

#9m/s R-type
#12m/s R-type
@®15m/s R-type

=9m/s No aileron
+-12m/s No aileron
<15m/s No aileron

30 60 90

120 150 180 210 240 270 300 330 360
Position angle 6 [deg]

(b) R-type.

Fig. 4-11. Starting torque for 1-blade turbine with opening-and-closing aileron.
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Table 4-5. Aileron condition for 1-blade.

(a) H-type.
Position Position Position Position
angle | 9m/s | 12m/s [ 15Smy/s | angle | 9my/s | 2mys | 15mv/s | angle | 9mvs | 12m/s | 15m/s [ angle | 9m/s | 12my/s | 15my/s
[deg] [deg] [deg] [deg]
0 X X X 90 O @) O 180 O @) O 270 — — —
5 X X X 95 @) ©) ©) 185 ©) ©) ©) 275 X — X
10 X X X 100 O ©) @) 190 @) @) O 280 X — X
15 X X X 105 @) ©) ©) 195 ©) ©) @) 285 X X X
20 AN A A 110 O ©) @) 200 @) @) O 290 X X X
25 AN A A 115 O ©) @) 205 @) @) O 295 X X X
30 — O O 120 O O O 210 O O O 300 X X X
35 O O O 125 O @) O 215 O @) O 305 X X X
40 @) @) O 130 O ©) @) 220 @) @) O 310 X X X
45 ©) ©) ©) 135 ©) ©) ©) 225 ©) ©) ©) 315 X X X
50 O O O 140 O O O 230 O @) O 320 X X X
55 @) @) O 145 O ©) @) 235 @) @) O 325 X X X
60 @) @) O 150 O ©) @) 240 @) @) O 330 X X X
65 ©) ©) ©) 155 ©) ©) ©) 245 ©) ©) ©) 335 X X X
70 O O O 160 O @) O 250 O @) O 340 X X X
75 @) @) O 165 O ©) @) 255 @) @) O 345 X X X
80 ©) ©) ©) 170 ©) ©) ©) 260 ©) ©) ©) 350 X X X
85 O O O 175 O @) O 265 O @) A 355 X X X
o: Open, : Half open, x: Close, —: Repeat switching.
(b) R-type.
Position Position Position Position
angle | 9nv/s | 12nv/s | 15Smy/s | angle | 9my/s | [2m/s | 15my/s | angle | 9m/s | 12m/s | 15m/s | angle | 9mv/s | 12mv/s | 15my/s
[deg] [deg] [deg] [deg]
0 X X X 90 — — — 180 O ©) ©) 270 — — —
5 X X X 95 — — — 185 O ©) ©) 275 — — —
10 X X X 100 — — — 190 O ©) o 280 — — X
15 X X — 105 — — — 195 O @) O 285 X X X
20 — — — 110 — — — 200 ©) O O 290 X X X
25 — — — 115 — — — 205 ©) O O 295 X X X
30 — — — 120 — — — 210 O O O 300 X X X
35 — — — 125 — — — 215 O O O 305 X X X
40 — — — 130 — — — 220 O O O 310 X X X
45 — — — 135 — — — 225 O O O 315 X X X
50 — — — 140 — — — 230 O O O 320 X X X
55 — — — 145 — — O 235 O O O 325 X X X
60 — — — 150 O O O 240 O O O 330 X X X
65 — — — 155 O O O 245 O O O 335 X X X
70 — — — 160 O O O 250 O O O 340 X X X
75 — — — 165 O O O 255 O O O 345 X X X
80 — — — 170 O O O 260 O O O 350 X X X
85 — — — 175 O O O 265 O O O 355 X X X
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0.14 4 9m/s H-type =9m/s No aileron

0.12 | *#12m/s H-type #-12m/s No aileron
< @ 15m/s H-type ©-15m/s No aileron
o 0.10
>
g
2 0.08
T}

C
£ 0.06
3
« 0.04

o
+
© 002
O
S 0

o
(@)

-0.02

-0.04

0 30 60 90 120 150 180
Position angle 6 [deg]
(a) H-type.

0.14 .

H9m/s R-type £=+9m/s No aileron

0.12 | & 12m/s R-type #-12m/s No aileron
13} ®15m/s R-type <15m/s No aileron
o 0.10
35
o
2 0.08
)

[
£ 0.06
3
« 0.04

o
2
& 0.02
Q
5 0

o
(@)

-0.02

-0.04

0 30 60 90 120 150 180
Position angle 0 [deg]
(b) R-type.

Fig. 4-12. Starting torque for 2-blade turbine with opening-and-closing aileron.
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Table 4-6. Aileron condition for 2-blade.

(a) H-type.

Main blade and wind speed

12m/s | 15m/s

9m/s

12m/s | 15m/s

9m/s

Position
angle
[deg]

90
95

100
105
110
115

120
125

130
135

140
145

150
155

160
165

170
175

Main blade and wind speed

12my/s | 15m/s

9m/s

12m/s | 15m/s

9m/s

Position

angle
[deg]

10
15
20
25

30
35
40
45

50
55
60
65

70
75

80
85

: Half open, x: Close, —: Repeat switching.

o: Open,

(b) R-type.

Main blade and wind speed

12m/s | 15m/s

9m/s

12m/s | 15m/s

9m/s

Position
angle
[deg]

90
95

100
105

110
115

120
125

130
135

140
145

150
155

160
165

170
175

Main blade and wind speed

12m/s | 15m/s

9m/s

12m/s | 15m/s

9m/s

Position

angle
[deg]

10
15
20
25

30
35
40
45

50
55
60
65

70
75

80
85
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0.14

0.12

0.10

0.08

0.06

0.04

Coefficient of starting torque C;

o

-0.02

0.14

© ©
—_ —_
o N

o
o
®

o
o
=

©
o
()

Coefficient of starting torque C;
o
o
()]

o

-0.02

#9m/s H-type
=9m/s No aileron

4 12m/s H-type @ 15m/s H-type
#-12m/s No aileron ©15m/s No aileron

0.02 4

30

60 90 120
Position angle 6 [deg]

(a) H-type.

M 9m/s R-type
=9m/s No aileron

#12m/s R-type @ 15m/s R-type

#:12m/s No aileron ©-15m/s No aileron

30

60 90 120
Position angle 0 [deg]

(b) R-type.

Fig. 4-13. Starting torque for 3-blade turbine with opening-and-closing aileron.
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Table 4-7. Aileron condition for 3-blade.

(a) H-type.

Ol O 10

O[O0 ]1O] 0O

X
X

I/s | 12m/s | 15mv/s| 9mv/s [12m/s | 15my/s
O O O O O O
O O O O O O
O O O O O O
O O O O O O
O O O O O O

Main blade and wind speed
B

OlO0]lO0JO[TO]O] 0O

A

/s [12m/s|15my/s

O[O0 10| 0O
OO 10O ] 0O

Position

angle
[deg]

10
15
20

25

30
35
40

45

50
55

60
65

70
75

80
85

90
95

100
105

110

115

: Half open, x: Close, —: Repeat switching.

o: Open,

(b) R-type.

9m/s | 12m/s | 15my/s

A A

A A

Ol10 10O

Ol10O0 10O

Ol10 10O

Ol 0] 0O

Ol10O0 10O
Ol10 10O

Ol10O0 10O

Ol1O0 10O

Al A A A
Al A A A

©)

oOlolalAl A

9m/s | 12m/s|15m/s

Main blade and wind speed
B

/s [12m/s|15m/s

Al A A

Position

angle
[deg]

10
15
20

25

30
35
40

45

50
55

60
65

70
75

80
85

90
95

100
105

110
115
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0.14

0.12

0.10

0.08

0.06

0.04

Coefficient of starting torque C;

0.02

0.14

0.12

0.10

0.08

0.06

0.04

Coefficient of starting torque C;

X

0.02

H9m/s H-type
#12m/s H-type
@ 15m/s H-type

=9m/s No aileron
+v12m/s No aileron
<15m/s No aileron

Yl

30 40 50 60 70 80 90
Position angle 6 [deg]

(a) H-type.

9m/s R-type
4 12m/s R-type
@ 15m/s R-type

=9m/s No aileron
+12m/s No aileron
<15m/s No aileron

N
K\ﬁ,
i
2
s

0 1 0

| Y

30 40 50 60 70 80 90
Position angle 6 [deg]

(b) R-type.

Fig. 4-14. Starting torque for 4-blade turbine with opening-and-closing aileron.
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Table 4-8. Aileron condition for 4-blade.

(a) H-type.
Main blade and wind speed

9m/s |12m/s|15m/s

Om/s |12m/s |15m/s| 9m/s [12m/s|15m/s| 9m/s |12m/s |15m/s

Position

angle
[deg]

10
15
20

25

30
35
40

45

50
55
60

65

70

75

80
85

: Half open, x: Close, —: Repeat switching.

o: Open,

(b) R-type.
Main blade and wind speed

9m/s |12m/s|15m/s

9m/s |12m/s|15m/s

9m/s |12m/s|15m/s

9m/s |12m/s |15m/s

Position
angle
[deg]

10
15
20

25

30
35

40

45

50
55
60

65

70
75

80
85
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Table 4-9. Results of starting wind speed tests.

(a) Wind speed to initiate rotation of 2-blade turbine.

Position H-type R-type No aileron
angle HTmax HTmin HTmax HTmin HTmax HTmin
at start | 35 deg | 140 deg| 40 deg [145 deg| 85 deg | 175 deg
Wind
speed 8 — 8 — 17
[ms]

— : No rotation at maximum tested wind speed of 20m/s.

(b) Wind speed to initiate rotation of 3-blade turbine.

Position H-type R-type No aileron
angle | Otmax | Otmin | OTmax | OTmin | OTmax | OTmin
at start | 105 deg| 0deg |105 deg| 30 deg | 10 deg [ 50 deg
Wind
speed 8 9 8 12 15 —
[ms]

(c) Wind speed to initiate rotation of 4-blade turbine.

Position H-type R-type No aileron
angle | Otmax | Otmin | OTmax | OTmin | OTmax | OTmin
at start [ 80 deg [ 40 deg | 80 deg | 40 deg | 60 deg | 15 deg
Wind
speed 7 9 7 8 11 17
[my/s]
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