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Abstract

In this paper, we report an analysis of the actual wind speed measured around a vertical axis wind turbine.

This paper aims to propose the new calculation method of the power coefficient of a vertical axis wind turbine.

In order to further improve the development of efficient vertical axis wind turbines, a field examination was

carried out. In this field examination, the wind velocity in the proximity of three wind turbine blades was

measured. The speed reduction rates were computed by measuring the wind velocity near the circumference of

the wind turbine. The characteristic parameters of the turbine were also computed. The speed reduction rates

were computed by using the actual wind velocities, which enabled the development of a calculation method for

the characteristic parameters of the wind turbine.
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Fig.1 Characteristic of wind velocity
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Fig.2 Wind direction appearance ratio (2013.10-12)
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Fig.3 Wind speed appearance ratio (2013.10-12)
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Table 1 Windmill system configuration

1 1A B R L AR

Rated Power 1000 W
Cut-in wind speed 3 m/s
Cut-out wind speed 15 m/s
Blade length 2300 mm
Diameter 2500 mm
Chord length 300 mm

1Y)
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Power
Controller
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3 : Rectifier
Windmill
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Battery ‘ ‘ Load ‘

Fig.4 System configuration
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PN : North Anemometer

A : Wind direction
Anemometer

PE : East Anemometer
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PS : South Anemometer

Fig.5 Anemometer of four directions
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Fig.6 Appearance of anemometer
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(a) Wind velocity measured by four anemometers
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Fig.7 Field experiment result (1)
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Table 2 Calculation result of speed reduction rate
F 2 M PEARIER O G HRR
(a) Wind direction of West to East

Rotational speed (rpm) | Speed reduction rate

40 0.10
50 0.18
60 0.17

(b) Wind direction of North to South

Rotational speed (rpm) | Speed reduction rate

50 0.12
60 0.13
70 0.15

Table 3 Effect of wind direction on wind velocity
# 3 R R
(a) Wind direction of West to East

Rotational
Vo (m/s) Vi (m/s) V2 (m/s)
speed (rpm)
40 2.4 2.1 1.9
50 33 2.7 2.1
60 3.7 3.0 2.4

(b) Wind direction of North to South

Rotational

speed (rpm) Voo (M/s) Vi (m/s) Va2 (m/s)
50 3.7 33 2.8
60 4.3 3.7 32
70 5.2 44 3.6
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Table 4 Result of power coefficient
F 4 JB\ R R
(a) Wind direction of West to East

Rotational .
Speed reduction rate Cp
speed (rpm)
40 0.10 0.31
50 0.18 0.49
60 0.17 0.47

(b) Wind direction of North to South

Rotational .
Speed reduction rate Cp
speed (rpm)
50 0.12 0.38
60 0.13 0.39
70 0.15 0.44
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Table 5 Spec of vertical wind turbine

£S5 EFNT A—F

Parameter Value
P [W] 1000
p [kg/m?] 1.225
Vo [m/s] 11.0
S, [m’] 5.75

0.25 /—\

0.20

Power coefficent Cp”~

0.15

1.0 15 20 25
Tip speed ratio A

Fig.13 Characteristic of power coefficient
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Table 6 Comparison of power coefficient
# 6 JEHZ) R K
(a) Wind direction of West to East

Rotational , p
Cp Cp
speed (rpm)
40 0.25 0.17
50 0.27 0.26
60 0.29 0.25
(b) Wind direction of North to South
Rotational , .
Cp Cp
speed (rpm)
50 0.27 0.20
60 0.29 0.21
70 0.29 0.24
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