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Flow Characteristics around Archimedes Wind Turbine
according to the Change of Angle of Attack

Qiang Li, Hyun Dong Kim, Ho Seong Ji and Kyung Chun Kim

Abstract. This paper describes aerodynamic characteristics of an Archimedes spiral wind turbine with various
angles of attack. The range of angles was controlled from - 30° (clockwise) to + 30° (clockwise). The rotating
speed of wind turbine at the same angle of attack in both directions was different. The reason why the-
maximum rotational speed was observed at 15° in clockwise direction can be explained based on angular
momentum conservation. Quantitative flow visualization around Archimedes wind turbine blade was carried
out between -15° (clockwise) and +15° (counter clockwise) using high resolution PIV method. The relation-
ship between drag force and rotating speeds was discussed. From these results, optimum design on yawing
system of Archimedes spiral wind turbine may provide high efficiency on small wind power system.

Key Words: Spiral Wind Power Generation(Z=3}0]&3524d), Archimedes Spiral(}27]w ] Z~1bAl),

Aerodynamics Characteristics(3-2 5%

0: Angle of Attack [°]

L@ : Blade®]|=3} Blade Spiral®]o]F
Vi = Total Speed [m/s]

. Effective Speed [m/s]

: Model Linear Speed [m/s]

: Wind Speed [m/s]

: Revolution [RPM]
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1. Introduction

o]0} 31 ‘21213%, =

fSchool of Mechanical Engineering, Pusan National
University
E-mail : kckim@pusan.ac.kr

*School of Mechanical Engineering, Pusan National
University

28

d), PIV measurement(PIVZ74), Angle of Attack(d37})
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2. Experimental Setup and Methods

Figure 1-== 2 A-ollx] FHEW
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Fig. 1. Experimental Setup for Quantitative Flow Visualiza-
tion around Archimedes Wind Turbine.
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Table 1. Rotational velocity (rpm) with respect to angle of attack and velocity of incoming flow

Angle 0° 5° 10° 15° 20° 25° 30°
Wind Dirction

4.5 m/s clockwise 655 600 633 630 570 550 535
counter clockwise 642 660 560 560 550 520

5.5 m/s clockwise 1171 1135 1180 1200 1080 1030 985
counter clockwise 1207 1205 1100 1035 1000 955

6.8 m/s clockwise 1823 1780 1825 1845 1650 1580 1510
counter clockwise 1866 1899 1730 1590 1530 1450

8.2 m/s clockwise 2495 2385 2430 2420 2200 2145 2030
counter clockwise 2490 2510 2325 2150 2060 1970

V ccw

y
| V: the absolute velocity

V,: the effective velocitly

Fig. 2. The Definition on the Experimental Coordination
System for Angle of Attack Change.
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3. Results and Discussions

3.1 RPM Characteristics
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Fig. 3. RPM Characteristics with Angle of Attack Change for
Wind Speed of 5.5 m/s.
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clockwise

counter clockwise

Fig. 4. The Definition on Angle of Attack, Flow Direction.
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3.2 Mean Velocity Fields
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Fig. 5. Mean Velocity Fields (Angle of Attack: 0°%/Wind
Speed: 5.5 m/s).
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4. Conclusions
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Fig. 6. Mean Velocity Fields (Angle of Attack: 5°Wind Speed: 5.5 m/s).
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Fig. 7. Mean Velocity Fields (Angle of Attack: 10°/Wind Speed: 5.5 m/s).
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Fig. 8. Mean Velocity Fields (Angle of Attack: 15°/Wind Speed: 5.5 m/s).
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