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CFD and experiment validation on aerodynamic power output of small VAWT

with low tip speed ratio
Young-Gun Heo' - Kyoung-Ho Choi® - Kyung-Chun Kim "
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Abstract: In this study, aerodynamic characteristics of the blades of a helical-type vertical axis wind turbine(VAWT) have been
investigated. For this purpose, a 100-W helical-type vertical axis wind turbine was designed using a design formulae, and a 3D
computational fluid dynamics analysis was performed considering wind tunnel test conditions. Through the results of the analysis,
the aerodynamic power output and flow characteristics of a helical blade were confirmed. In order to validate the aerodynamic
power output obtained through the analysis, a wind tunnel test was performed by using a full-scale helical-type vertical axis
wind turbine. The 3D analysis technique was validated by comparing its results with those obtained from the wind tunnel test.
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Table 1: Design specification of 100 W class helical type
vertical axis wind turbine

Item Description
Rotor type Helical

Airfoil NACA 0018
Rated power output 100 W
Rated wind speed 9 m/s
Rotor radius 0.55 m
Rotor height 143 m
Chord length 0.25 m

Number of blade 4 EA

Rotational speed 170 rpm

Figure 1: 3-D model of 100 W class helical type vertical
axis wind turbine rotor
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Figure 2: Schematic of wind tunnel facility
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Table 2: Wind tunnel specifications
Closed circuit type

Wind tunnel type .
boundary layer wind tunnel

Test section 5 m(W) x 2.5 m(H) x 20 m(L)
Wind velocity range 0.5 m/s ~ 30 m/s
Turbulence intensity 1.5% or less

Figure 4: 3D flow field of wind tunnel test section included
100 W vertical axis wind turbine
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Figure 3: Wind tunnel experimental setup
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Figure 5: Mesh system of helical type vertical axis wind
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Table 4: Detail information of the CFD analysis

Item Description

Analysis type Transient analysis

Corresponding to 1° rotating angle

Time step size
(About 9.8e-4 sec)

Inlet 9 m/s

Atmospheric pressure (Opening
Outlet o
condition)

Wall No-slip condition

Blade surface No-slip condition

Rotational speed 155 rpm, 170 rpm, 195 rpm

Rotational direction Counter clock wise

Turbulence intensity 1.5 %
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Figure 7: Blade position and Azimuth angle
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Figure 8: Torque graph of Bladel and pressure distribution
around Bladel
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Figure 9: Comparison of velocity distribution at same blade
positions in each plane
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Figure 10: Comparison of pressure distribution between dif-
ference plane position and difference rotation angle
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Figure 11: Comparison of power output between helical type
vertical axis wind turbine and straight type vertical axis
wind turbine

5.4 &

2 =EAdAE 100 Wi djE 5215 FHENS AA
shdon AR ZEd g 33 AAFEsAe d
2 &9 Aot FE AlFelA 9 &9 AFE st
AA 2 A 7o BldAdS ERlskith

FAE FTHERAVE 9 mise] FEolA 170 rpme] 3] A
°F 100 WO 285 VHEE AAEHNSH FF AF
A 1147 Weol E98 den HHans usotd A
A 93 A dAgi]

334



o
oft
B
oflt
-
3
Hy
ofl

o o2

(98]
)
ro,
)

(

e oly
offt
>,

-
e o
Hoop
S
=
Bl

o
ﬂ -
f

o
32
=
4

S

N
N
2
T
o}mrﬂ%_ﬂﬁ?‘i

Lo

L2
_OL

9 p@ o
AC)
s
ot oX,
o
o,
N
N
D)

e
=)
o,

n

o of
>

%

o

References

[1] K. C. Tong, “Technical and economic aspects of a

of Wind
Engineering and Industrial Aerodynamics, vol. 74-76,
pp. 399-410, 1998.

[2] A. S. A. Shata and R. Hanitsch, “Evaluation of wind

energy potential and electricity generation on the coast

floating offshore wind farm,” Journal

of mediterranean sea in Egypt,” Renewable Energy,
vol. 31, no. 8, pp. 1183-1202, 2006.

[3] Small Medium
Technology Road Map for SME, 2015-2017, 2015

[4] B. Greening and A. Azapagic, “Environmental impacts

and Business  Administration,

of micro-wind turbines and their potential to contrib-
ute to UK climate change targets,” Energy, vol 59,
pp. 454-466, 2013.

[5] G. Darrieus, “Turbine having its rotating shaft transv-
ers to the flow of the current,” U.S. Patent 1835018,
Dec. 8, 1931.

[6] R. J. Templin, Aerodynamic Performance Theory for
the NRC Vertical-axis Wind Turbine,
Technical Report LTR-LA-160, National
Council, Canada, 1974.

[71J. H. Strickland, The

Performance  Prediction

Laboratory

Research

Turbine : A
Multiple
Report

Darrieus
Model

Technical

Using
Streamtubes, Laboratory

SAND74-0431, USA, 1975.
[8] M. Islam, D. S. K. and A.

“Aerodynamic models for darricus-type straight-bladed

Ting, Fartaj,

and

4, pp.

vertical asix wind turbines,” Renewable

Sustainable
1087-1109, 2008.

[9] 1. Paraschivoiu, “Double-multiple streamtube model for

Energy Reviews, vol. 12, no.

studying vertical-axis wind turbines,” Journal of
Propulsion and Power, vol. 4, no. 4, pp. 370-377,
1988.

[10] R. E. Sheldahl, “Comparison of field and wind tun-
nel darrieus wind turbine data,” Journal of Energy,

vol. 5, no. 4, pp. 254-256, 1981.

oA AR Yol ers] 2] A40¢@ A4E(2016.5)

SESHBIEREES

A

(1]

[12]

[13]

[14]

=9l g CFD 2 A¥H A

ol\

G. Bedon, M. R. Castelli and E.
“Experimental tests of a vertical-axis wind turbine
with twisted blades,” ICMIME 2013, pp. 384-387,
2013.

T. J. Carrigan, B. H. Dennis, Z. X. han, and B. P.

Wang, “Aerodynamic shape optimization of a wverti-

Benini,

cal-axis wind turbine using differential evolution,”
ISRN Renewable 2012, Article ID
528418, 2012,

J. A. Ekaterinaris and M. F. Platzer, “Computational

stall,”

Energy, vol.

prediction of airfoil dynamic Progress in
Acrospace Sciences, vol. 33, no. 11-12, pp. 759-846,
1998.

F. R. Menter, “ZONAL TWO EQUATION k-
TURBULENCE MODELS FORAERODYNAMIC

FLOWS,” AIAA Fluid Dynamics Conference, 1993.

335





