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Experimental study on the performance of urban small vertical wind
turbine with different types
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ABSTRACT

This paper is intended to provide experimental data for the design of the small VAWT (vertical axis wind turbine). Three
types(lift, drag, and hybrid) of the blade of VAWT are tested with digital wind tunnel in this study. From the test, the relation
of power coefficient and tip speed ratio for the blades are evaluated and compared each other depending on the blade type.

Especially, the characteristics of hybrid blade which is shown to be expanded in the market without any logical data is proposed

in the relation of power coefficient and tip speed ratio. It is shown that the hybrid blade can be used to make higher starting

torque with trade off of degradation of power coefficient.
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Fig. 1 Utilization of wind turbine in urban building design
(left-top) Greenway Self Park, Chicago, USA (left-bottom) World
Trade Center, Bahrain (right) The Pearl River Tower, Guangzhou,
China
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Fig. 2 Output peculiarities of various windmill2)
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Fig. 3 Drag types of vertical wind turbine:
(a) helical Savonius, (b) cylinder Savonius
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Fig. 4 Lift types of vertical wind turbine:
(a) Darrieus, (b) H-Darrieus

Fig. 5 Hybrid types of vertical wind turbine:

(a) air-pocket include blade, (b) Savonius
and Darrieus in same axis
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Fig. 6 Test model : (a) helical Savonius—drag
type, (b) H-Darrieus-lift type, (c) hybrid type

Table 1 Specifications of test model
Name Hehcgl H-Darrieus Hybrid
Savonius
Height [ml] 0.2% 0.40 0.40
Diameter[m] 0.12 0.35 0.29
Blockage ratio [%] 25 10.1 83
Blade force type drag lift hybrid
2,2 A diH

Fig. 8 Schematic diagram of experiment
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Table 2 Specifications of sensor
Rated capacity 2 kgf.cm
Torque Rated output (R.O.) 1.5mV/V £ 1%
SENSOT | Nonlinearity 0.3% R.O.
Hysteresis 0.2% R.O.
Measurement range 1 Hz~20KHz
RPM sensor (1~20,000 r/min)
Detection gear Strong magnetic materials|
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Table 3 Specifications of digital wind tunnel®

. Width 145 [m]
Test section -
Height 0.96 [m]
Mean Velocity 4.3 [m/s]
Turbulence intensity 1.2 [%]
Space deviation 3.8 [%]
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Fig. 9 Helical savonius model test result
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Fig. 10 H-Darrieus test result
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Fig. 11 Hybrid model test result
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Fig. 12 Test results of power coefficient
B Agolis 47 47 T dugl Fe
A FEFP, JY, ETFol Uizt THAFL SR
u, 1 A%E qofsh theat Uk,
1) ARRUS-A o] Beolmt Bergmn|o Zo] 15
R olstollA AsEM, | A= o]
o] oF 0.8 Q1 oA oF 0,15 AE H= Aer 5
A= AT

68

0|&=

2) el FH9 EdolEe E9E=R7F oF 1.0~
5.0 &1 FHoNA Ag=m, of go] oF 2.0 & I
efollA oF 0.26 A= 2 E¥AT7 ASE U

3) THE =dlolEe EYHEN7E oF 0.8~2.4¢1 99
oA AFEn, o] ghol oF 1.4 & uj F 0.22 F&=9]
o SHATE HeERlo

4) AR FEof thEfe2 FHO| Ejo| == 7]EY]
AR Rl ST wARE B3] 4 23

Fl

R

7} E& Eglon &3y Hao|=r) 25y

i

THlo] e AIRUA FEjo} thE]e- ’%‘EH?J 5
7+ gdof FgEls Aoz Yehdtt (Fig. 123%).
5 4 ¥l FHA a4s FURRE Y Edol=
75, H-the] 9 39 ke 7|5 EaE Asle &
W7t Qe AoR ERIEg o, HEYAse i
7b YR prbEls Ao R yerdth (Fig, 1232),
= 7

2 AT AR Yoz SR 7]EE 7
(KETEP) 2] A& who} 433t ArapA|dyct (NO, 2012

3021020010), (NO.20144030200590)

References
(1) %35, 1-8e], 2010. 12, “EA18] A% TiARlelA FHH
H1o] o] g gk Atel AT, g IR S| AE I +=

(2) Eric Hau, 2005 “Wmd Turbines”, Springer, p.101.

(3) AR 719, A4, oldE, 2010. 12, “H-t&$2 &
gloj=9] 34 B W}E 715 AT, FRAZIAA,
Vol. 14, No. 3& pp. 45~49.

(4) DuLian, AJA}8h<] %:——Er, 2008, “E}ﬂ%iﬁé FAZHEHA
o] A ek o

o) g, o] %4 A 2003 07, “vh2] -2

H1 7] €] 7]03—7/‘3”, Eixi ]?’@1 =3B, pp. 1018~1020.

(6) Buyung Kosasih, Andrea Tondelli 2012, “Experimental
study of shrouded micro-wind turbine”, Procedia Engineering
49, pp. 92~98.

(7) Carlo LBottasso, Filippo Campagnolo, Vlaho Petrovic,
2014. 2, “Wind tunnel testing of scaled wind turbine

Beyond of Wind

Engineering and Industrial Aerodynamics 127, pp. 11~28.

1=}

[ep=:

,J—E’_

®) 4

models: aerodynamics”,  Journal

(8 729%E, $94, o=, 2012. 10, “HAE T5& 83
38 7] Gl w3 el ek A, KAV
A, Vol. 15, No. 5, pp. 42~47.

9) #7174, 2005, ‘Bt 98 &9 9@ {5 54 g A
A A" KAIST HAFehe] =&

SHEFMDIHES =28: M173, MeE, 2014





