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Experiment and CFD on Highly Efficient Harvesting of Wind and Water Energies Using
Wind-Lens Technology

OXE #_, JUKILJIHF, T816-8580 & H i H /A 6-1, ohya@riam.kyushu-u.ac.jp
Yuji Ohya, Research Institute for Applied Mechanics, Kyushu University, Kasuga 816-8580, Japan

We have developed a new wind turbine system that consists of a diffuser shroud with a broad-ring brim at the exit periphery
and a wind turbine inside it. The shrouded wind turbine with a brimmed diffuser (Wind-Lens turbine) has demonstrated
power augmentation by a factor of about 2-5 compared with a bare wind turbine. We have developed the small Wind-Lens
turbines of 1-100kW for practical application. In recent years, our concept of the research on renewable energy is based on a
key word of “Small is profitable”. Considering the social acceptability, using small Wind-Lens turbines, we have been
developing a multi-rotor system, namely a clustered Wind-Lens turbine for obtaining large power output. Aiming at
harvesting offshore energy, we developed a floating platform equipped with the Wind-Lens turbines and PV panels in
Hakata Bay, Fukuoka. Finally, we introduce a new device, a wind solar tower, which utilizes both of solar and wind energy.
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Fig. 1a  Awind turbine equipped with a flanged-diffuser shroud .
Characteristics of flow around aWind-Lens turbine.

Fig.1b  Time-averaged streamlines for the simulation with wind
turbine blades (tip speed ratio /=4.5), Actuator-Disc Method.
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Fig. 2a Calculation mesh for the longtype Wind-Lens
turbine in an x-r cross-section (x: inflow direction,
r: radial direction)

[7F% R b&AI]

Fig. 2b  6-component of the vortex inside a longtype
Wind-Lens turbine (x: inflow direction, r: blade direction, 6:
circumferential direction)
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Fig.3 3kW Wind-Lens turbine. Rotor dia. 2.5m. Lens dia. 3.2m.
Power output (W) vs. wind speed (m/s) in a field experiment.
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Fig. 4 100kW Wind-Lens turbine, Ito Campus, 2011.3 (Rotor dia.
12.8m, Lens dia. 15.4m, Rated speed 12m/s), Noise measurement
of 100kW Wind- Lens turbine.
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Fig. 5 Flow around a mid-size Wind-Lens turbine (300kW)
and its aerodynamics on three-component moments .
Actuator-line method.
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Fig. 6 1MW MRS composed of 3 units of 300kW W-L
turbines or 10 units of 200kW W-L turbines.
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Fig. 9 3kW clustered Wind-Lens turbine using three 1 kW
wind lens turbines at Kyushu University.

Fig.10 MRS on plains and hilly terrains (IMW MRS
composed of 3 units of 300kW lens turbines)
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Fig.11 Hakata Bay Project (Stagel) 2011.124.  18m floating bodly,
3kW Wind-Lens 2units, 2kW PV panels, totally 8kW Energy Farm.
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Fig.15 Simulation in severe wind and wave of a new semi-submerged
floating body using RIAM-CMEN based on CIP method, by Prof. Hu at
RIAM, Kyushu University
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automatic feeders are set around the floating bodly.
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Fig. 23 Updraft velocity vs. temperature difference. Wind speed is
proportional to v~ temperature difference based on formula (1).
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Fig. 24 Flow visualization of the tower inside with a diffuser open
angle, left: 4 degree ; right : 6 degree..
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Fig. 25 Updraft generation inside tower by wind aloft. Low
pressure due to a vortex plate accelerates the updraft.
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Fig. 26 Wind aloft U(m/s) vs. updraft speed W(m/s) in wind
tunnel experiment and CFD.
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Fig. 27 Flow visualization of the tower inside and around the
tower exit with a diffuser open angle 4 degree..
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Fig.28 Field experiment using a prototype WST with 11m high tower and

15m square collector.
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Fig. 30 Wind solar tower (WST) in the future (CG)

Fig. 31 Wind solar tower (WST) and a Darrieus wind turbine (CG)
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Fig.29 An example of field experiment result. Both of thermal updraft
(daytime) and updraft by wind aloft (nighttime) appear in the same day.
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Fig. 32 Agriculture-Harmonious Wind Solar Tower (WST)
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