
Efficient placement of 
vertical -axis wind turbines

Hyogo Prefecture, Kakogawa Higashi High School 
Science & Math Course   Science Research Group 2

1



ÅHigh power generation

ÅHigh noise generation

ÅLarge land area needed

ÅLow power generation

ÅLow noise generation

ÅSmall land area needed

Horizontal-axis 
wind turbine

Vertical-axis 
wind turbine

https://engoo.com/app/words/word/turbine/ks8rjzLFTau30iYYJyhiyw https://www.es.sus.ac.jp/demae/ 2

Introduction

https://engoo.com/app/words/word/turbine/ks8rjzLFTau30iYYJyhiyw
https://www.es.sus.ac.jp/demae/
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3-D Printed vertical-axis wind turbines 

Computer Aided Design

(CAD)

clockwise 

wind turbine

anticlockwise 

wind turbine 
experimental turbine

3-D Printed



Preliminary experiment 1
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Measurement

position 1

Electrical power generated by the rear wind turbine

wind

Front turbine

Rear turbine



Preliminary experiment 1
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Electrical power generated by the rear wind turbine

wind

Measurement

position 2

Front turbine

Rear turbine



Preliminary experiment 1
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Electrical power generated by the rear wind turbine

wind

Measurement

point 3

Front turbine

Rear turbine



When the front wind turbine turn clockwise,

it increases the wind speed in area (з).

Preliminary experiment 1
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Power generated by the rear wind turbine

fan

wind turbine



When the front wind turbine turn clockwise,

it increases the wind speed in area (з).

When the front wind turbine turns anticlockwise,

it increases the wind speed in area (й).

Preliminary experiment 1
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Power generated by the rear wind turbine

fan

wind turbine



ṕểṖboth spin in the          

same direction

ṕễṖ both  spin outwardsṕỄṖboth spin inwards

Preliminary experiment 2
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Spin direction of turbines

wind



Preliminary experiment 2
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Spin direction of turbines

Electrical power generated for each direction of turbine spin



Experiment 1
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set 1 set 2 set 3

set 5

set 4

vertical diagonal zig zag

V-shaped

inverted V-shaped

wind

5 sets of turbine arrangements

4 turbines per set



Power generation per unit area for each set of turbines

Experiment 1 5 sets of turbine arrangements

vertical zig zag V-shaped Inverted 

V-shaped
diagonal

[mW/m2]
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Experiment 1 5 sets of turbine arrangements
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fan

one turbine

4 turbines per set

A B

C D

wind



Experiment 1 5 sets of turbine arrangements
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fan

one turbine

4 turbines per set

A B

C D

wind



Experiment 1 5 sets of turbine arrangements
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fan

one turbine

4 turbines per set

A B

C D

wind
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Experiment 2Kawasaki Heavy Industriesô wind tunnel 



Experiment 2 Horizontal formation of set 5
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12 turbines (3úset 5)

A3 B3

C3 D3

A2
B2

C2 D2

A1 B1

C1 D1

wind

Observed power generated by different types of separation

distances between turbines
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12 turbines

A3 B3A2 B2A1 B1

wind

A5 A6A4 B6B5B4

Experiment 2 Horizontal straight line formation



31 or 62 or 93[mm]

12 wind turbines (3úset 5 )

Experiment 2 separation type 1
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A3 B3C3 D3A2 B2C2 D2A1 B1C1 D1

Type 1: horizontal separation distance between turbines

A-C and D-B within each set.

wind



124 or 155 or 186[mm]

Experiment 2 separation type 2
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wind

Type 2: horizontal separation distance between turbines 

C-D within each set.

C3 D3C2 D2C1 D1

12 wind turbines (3úset 5 )



124mm 155mm 186mm

31mm 131.4 114.7 84.9

62mm 164.3 170.9 137.1

93mm 181.3 168.3 151.2

124mm *1

[mW/m]

*1: Unable to measure due to sensor malfunction

Data: Average of 100 measurements

Electrical power generated per unit separation distance

Experiment 2 Results
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31 or 62 or 93[mm]

124 or 155 or 186[mm]

173.5 185.6

horizontal

straight line
one turbine

[mW/m]



ḱWind Interference effects from nearby turbines
lower the amount of electrical power generated .

ḱAn inverted V-shape (set 5) is the best way to

increase the amount of electrical power generated
per total formation width .

Experiment 2 Analysis and discussion

2393[mm] 124[mm]



ḱWhen multiple turbines are placed close together, 
the electrical power generated decreases .

ḱThe inverted V -shape (set 5) formation generated 
the highest electrical power per unit separation 
distance .

Conclusion
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ḱThe inverted V -shape is the most suitable for 
electrical power generation using building air vortices, 
as it can generate more power from a smaller area.

Conclusion
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Thank you for listening.

28



29



︣

widthḲ450mm

lengthḲ600mm

diameterḲ26mm

distance between
two holesḲ5mm
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windspeed
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Ÿ1~13ḭC~I
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result
ṕểṖ both spin in 

the same direction
ṕễṖ both  spin outwardsṕỄṖ both spin inwards

average of 150 data

Preliminary survey
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Ḵ[mm]

Future prospects
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Future prospects
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wind

Power generation per length 

36

Evaluation Method


