Applications and technological development of vertical axis wind
turbines of Hi-VAWT Technology Corp.

In 2005 Hi-Energy Technology Co., Ltd. was founded. By the help of the support under the
SBIR (Small Business Innovative Research) phase 1 and 2 in 2006 the company started to
design small vertical axis wind turbines.
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b. Energy supply on rooftops in metropolitan areas

Rooftop application at a TESCO store, Korea



c. Wind farms
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by improved Maximum Power Point Tracking (MPPT)

The Kinetic e is converted into kinetic energy of the rotation of the wind
turbine blades. tational speed is ruled by the wind speed. At a fixed wind speed a wind
turbine shows the ing processes: The blades experience a drag and lift force caused by
the wind and convert the kinetic energy of the wind into rotational energy. The higher the
wind speed the higher the rotational speed. The acceleration of the rotation increases until the
speed reaches a specified value. The wind turbine has a maximum torque.

The wind turbine extracts the maximum energy at maximum power. The procedure that finds
this point is called Maximum Power Point Tracking (MPPT).

However the wind speed changes very fast in nature. There is no easy way that the MPPT can
catch these fast changes. Therefore a checkout table is used.



Since the wind speed influences the power of the wind with the 3rd power the converted
kinetic energy of the rotating blades of the wind turbine is also influenced by the 3rd power of
the wind speed. So the maximum energy is proportional to the cube of the wind speed and it is
crucial to find the proportionality constant. The unknown rotational speed at different wind
speeds can be determined in a wind tunnel. Once enough values are determined a c,-TSR-
curve can be drawn.

There is a theoretical maximum c,-value at 16/27=0,59259... . If wind turbine manufacturer
claim their turbines can reach a c, higher than this value, it is just a wrong statement.
Moreover saying to have a c, higher than 1 means that more energy would be extracted than
there exists originally. That would not be conform to the law of the conservation of energy.
However there are methods to optimize the turbine like aerodynafic properties to improve
the efficiency of the wind turbine and to get close to the theo maximum of cp,.
Performance tests are conducted to get the cp-value. The t dure is determined by the
norm IEC61400-12-1. Testing platforms and all instru the test have to be
certified by the TAF (Taiwan Accreditation Foundation)? e BSMI (Bureau of
Standard, Metrology and Inspection) there are 2 locati this certification:

b. High wind generation capacity by impr tational
speed

wind speed is too high, the rotati p h and the centrifugal force
exceeds the upper limit of the ica - d can cause damage. So
during the designing of a wind tuebi eCtie rotational speed excess should be
kept in mind. Theref ) !
e of a simple stress load case E, an
evaluation of maximum spe i ines, is used. Load case H is the evaluation

tion is lid for the simple load case of vertical axis

* cooperation in 2010 with the Institute of Nuclear Energy

is wind turbine for the simple load case. The result is
"' in the norm GB/T 29494 "Small vertical axis wind turbines”
equirements are described in annex B. In June of the same
eefydescribed in the Japanese norm "JSWTA-0001" annex C.
cy (IEA) founded a task force (IEA Wind Task-27) for the
focused on the res f this task force, for which the IEC61400-2 is the basis.
By these simple load model calculations it is obvious that the load limit of maximum
rotational speed of load case E is the centrifugal force. Under load conditions like in load case
H the maximum stress limit is higher for thrust at higher wind speeds. Therefore the rotational
speed protection occurs normally at high wind speeds. At horizontal axis wind turbines
normally the angle of attack of the blades can be changed to avoid high rotational speeds at
high wind speeds. At vertical axis wind turbines it is not easy to reduce the intensity at the
blades by a rotational speed protection. The wind turbine can run in a safe way due to the
speed controller. In 2013 Hi-VAWT finished his product development plan succesfully

according to the regulations of the ministry of economics. This plan includes the features
mentioned above. The controller is an international patent.
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If the wind turbine has no protection for rotational speed exceedance the wind turbine has to
be switched off before the wind speed limit is reached and so generating power at high wind
speeds are missed. If a reliable and efficient protection for rotational speed exceedance is
installed not only power can be generated at high wind speeds but also the total power output
can be increased. The results must be proven by a field test to ensure that the achieved power
output is reliable. The test procedure is determined in the norm IEC61400-12-1. Parallel to the
increase of the power the safety of the wind turbines have to be ensured. This is conducted by
a long-term field test determined in the norm IEC61400-2 and CNS15176-2 annex G.

2. Applications have to consider needs of residential areas

Small scale wind turbines often are used near residential areas. fore safety and comfort
have to be taken seriously. The most important technological opments of new products
of Hi-VAWT considering this are:

The hybrid blade structure allows an easy
efficiency due to lift force type blades.

normal operation wind turbin only 6-8% fatigue damage.
Rotor blades can be improved be proven by durability

tests mentioned in IEC61400-2 a ‘ g Functionality and safety are ruled
by IEC61400-2 and S '

b i cy noise of the blade tip vortexes and low
ibr at the gear box and generator coil. The high frequency noise

al'to the 6th power of the relative wind speed. The tip speed ratio

Is wind turbines. Therefore their high frequency noise is
ntal axis wind turbines.

Wind turbines of WT uses direct driven synchronous generators. Thus less energy is
going lost and low fréquency noise is avoided due to the missing gear box. However there is
still low frequency noise caused by mechanical vibrations at the generator coil. This is
increased by the resonance. By increasing the mechanical stability of the casing material
vibrations can be filtered and reduced and hence the resonance as well. So mechanical
vibration noise of the generator coil can be avoided due to the lower frequency. In 2007 Hi-
VAWT got the multinational patent of the noise avoidance. Avoiding noise is crucial for
installing wind turbines in residential areas.

The efforts to reduce noise can be proven by different wind noise measurements at TAF
certified wind turbine testing sites. The test procedure is in compliance with the norms
IEC61400-11 and CNS15176-2. Noise emissions can be expressed in a way of AWEA
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(American Wind Energy Agency) and BWEA (British Wind Energy Agency, renamed to
RenewableUK). Even though the testing methods follow IEC61400-11, the AWEA standard
dictates that at a required annual mean wind speed of 5 m/s the noise emissions must not
exceed the limit during a year in 95 % of the time.

The requirements of the BWEA dictates the emission limit must not allowed to be exceeded
in 90 % of the entire time during one year at a mean wind speed of 5 m/s.

Meanwhile IEC61400-11 sub-divides noise measurements as well. The Taiwan EPA
(Environmental Protection Administration) noise emission norm can also be used. This
standard includes 4 types of wind energy noises depending on land use and land area. These
types are sub-divides into 3 daytimes.

c. Suspension design for avoidance of vibration transfer

between 0,3 and 0,5
! p the testing. The
DS3000 of Hi-VAWT was te . ibration acceleration was
e i r long-term operation.

The wind speed at the rotor
speed. To ext€@act the maximum

the upwing\wind speed.

[ 'W ortex at the downstream area. For this reason it

d to mix the wind at the downstream area. Normally at a distance

ter the wind turbine the downstream wind speed reaches the
ertical axis wind turbines do not have such an intensive
ownstream only 6 times the rotor diameter to reach the
new blades reduce the vortex in the downstream area. The
DS3000 turbine designed by a CFD (Computational Fluid Dynamics) simulation of the
Institute of NucleaBrergy Research. In this simulation the velocity and the vorticity of the
wind were analyzed. By this research vortices occur only in a downstream area that has a
length of 3 times of the rotor diameter. Therefore several wind turbines by Hi-VAWT can be
erected close to each other.

ean of the upwind and downwind wind
e downwind wind speed hat to be 1/3 of

e. High-rise applications enhance the turbulences and performance

In order to regulate the situation of all types of wind turbines on rooftops in urban areas the
IEA Task 27 published a paper in 2014.

The NTU (National Taiwan University) measured the amount of the Tamsui river at the
Taipei College of Maritime Technology.

The roof was erected for the new DS3000 turbines of Hi-VAWT.
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At the moment an international team of IEA Task 27 analyses the performance of power
generation on rooftops of high-rise buildings with turbulences. Among the team members are
USA, Australia, Japan, Ireland and Spain. A CFD-Analysis is used. Concerning the USA the
Wind Energy Research Center of the NREL (National Renewable Energy Laboratory)
conducts turbulence measurements on the roof of the NASA Johnson Space Center.

In the past 9 years Hi-VAWT have won several international awards like the National
Innovation Award of Korea 2009. The turbines are considered by SK Telecom as being the
only accredited small wind turbines. Moreover Hi-VAWT won the Korea Samsung
Construction Award 2010 for the zero carbon construction plans. The products of Hi-VAWT
were used as the only small wind turbines at the Shanghai World Expo 2010. In 2011 the
DS3000 was accepted to the list of material procurement rules unghwa Telecom Taiwan.

Since the foundation in addition to research and develop
products also in areas not belonging to vertical axis wi Y
safety the products follow international standards. There i has been investing
continuously in international proof and certificati i

AWT has been investing in

the requirement of IEC61400-2. The IEC rules for

, 1,5 KW and 3 kW)
were tested at the national tests wing in Jej with ICE61400-2. In
June all types (300 W, 1,5 kW, 3 kWY i i cess in Korea.
Moreover 1,5 kW and 3 kW w he ETL safety certificate
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one getting an certifica . is réason the turbines are allowed to get the FIT of
the Japanese government. passed in December of the same year the
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