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Feasibility Study on Small-scale Tidal Power Generation 

by Using Rotation Flow Turbine for Fishery Utilization 

on the Coast of Aomori Prefecture 

Jian SHEN1*, Akihiro HoNoA2, Shinji KrnrnARA竺
Takeshi KuBOT疋andHirotada NANJo3 

Abstract 

We conducted the wind tunnel experiment of the Rotation Flow Turbine developed in Hirosaki 

University to measure and observed the flow velocity on the coast of Tairadate. As a result, we get the 

accurate torque coefficient line and max power coefficient 0.06 at ,l of 0.25 in wind tunnel experiment. 

About the experiment of flow velocity on the coast of Tairadate, it was found that the amount of power 

generation at the shallow depth is high, and it is possible to install the metal halide lamp on trap-net. If 

the Light-emitting diode (LED) is chosen, it can be installed eight, and that is equivalent to two metal 

halide lamps. Since the catch of main fish continue to decrease in recent years, the trap-net fishermen 

hope to develop more effective fishing method to solve this problem. As one of the methods, there is a 

research result that the catch amount like Japanese horse mackerel was increased by installing a metal 

halide lamp on the trap-net and utilizing the phototaxis of the fish. 

1. Introduction 

According to the fishermen, in the Tairadate Strait, 

tidal current is fast which has caused much damage to 

the fishing equipment and aquaculture facility (Fig. 1) 

. While the tidal current in the Mutsu Bay is generally 

weak at less than 0.1 m/s, the Tairadate Strait is said 

to have a relatively fast flow especially at the 

narrowest section of 10.5 km. Regarding the circulation 

flow and the update scale of the Mutsu Bay, the 

western side of the Tairadate Strait is said to be 

relatively faster than other places because the outside 

tidal stream enters and exits daily by tidal currentO. 

In addition, since the catch of main fish such as jack 

mackerel, chub mackerel, round herring continue to 

decrease in recent years, the trap-net fishermen hope 

to develop more effective fishing methods like using 

fishing lamp. Therefore, we estimated power 

generation which was calculated from flow velocity 

data measured on the coast of Tairadate. 
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Demonstration experiments on tidal power 

generation have started as one of the power 

generation methods that use renewable energy, but it 

has not yet been put to practical use in Japan2l. Tidal 

power generation is a power generator utilizes the fast 

flow of the ocean current with rotating the turbine 

which is installed in the ocean. As will be described 

later, the electricity that can be generated by a 

turbine is not enough to sell. However, if it is used in 

places where electric wires are not installed, it will 

lead to adding value to region and fishery. For 

example, there is a method of attaching to a trap-net 

and lighting up while generating electricity. There 

was a report that the catch amount increased because 

of using the metal halide lamp (55 W, DC 12 V) for 

the trap-net. The species of catching were the fish 

such as Japanese horse mackerel3l. The same species 

exhibiting phototaxis are also caught on the coast of 

Aomori Prefecture. In our laboratory had carried out a 

long-term demonstration of a small turbine for low 
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Fig. 1 Geo-position of measurement on the coast of 
Tairadate 

國

Fig. 2 Dimension of Rotation Flow Turbine m wind 

from the flow velocity of 0.3 rn/s. In addition, Ct and 

Cp were calculated by measuring the power 

generation amount and rotation speed at a flow 

velocity of 1 m/s or less. The Darius turbine is a 

typical vertical axis one for electric generation, and CP 

of that is high as 0.3, but the cut-in flow velocity is 0.8 

m/s8l. That is why our team decided to use the 

Rotation Flow Turbine because it would help us 

estimate power generation on the coast of Tairadate 

where flow velocity is low. However, Ct and Cp were 

obtained by back calculation from the data of the 

generator, and it was hard to obtain an accurate value. 

Therefore, accurate Ct and Cp measurements were 

taken by the wind tunnel experiment. Based on the 

results of long-term tidal velocity measurement and 

wind tunnel experiment we summarized a possibility 

of electricity usage generated by tidal energy on the 

coast of Tairadate. 

2. Experimental procedure 

1) Wind tunnel experiment in RIAM 

The Rotation Flow Turbine used in this study is a 

vertical axis one with linear blades (Fig. 2). The 

number of blades is eight with a 35°of wing 

tunnel experunent attachment angle. The 35°angle between the blade 

with straight line that connects blade end and the 

flow velocity to set the light to the trap-net on the center of the turbine. The radius of the turbine is 

coast of Aomori Prefecture. defined as the distance from the blade tip to the 

In the previous turbine experiments, our laboratory center of turbine. The width of the blade is half of the 

measured the power of the generator which is radius. This experiment was conducted in wind tunnel 

attached to the turbine to know the performance of (width 3.6 m, height 2.0 m, length 15.0 m) of Research 

originally developed turbine while changing the blade Institute for Applied Mechanics (RIAM), Kyushu 

width, angle and the number of blades at the wind University. Figures 3 and 4 show the experimental 

velocity of 3 m/s or less. As a result, the highest photograph and the installation of measuring device. 

power was obtained when the blade angle was at 35 There is a turbine with a height of 240 mm on the top 

degrees, eight blades and a blade width at half of the and a torque meter9) (UTM II -10 Nm) with an 

turbine radius4) (Fig. 2). The drag type vertical axis electromagnetic brake10) (POB-0.3) are connected 

turbine was named "Rotation Flow Turbine" which coaxially. Also. in this experiment, since a strain-

was developed at Hirosaki University from around gauged three-component force meter (Wasen Sokki 

19975), and it is also used to generate energy for lights corp, FMH-30S) is installed under the frame, the 

on expressways using wind turbine with solar panels6)_ dynamic pressure Fx (N) and the lateral force Fy (N) 

To know the torque coefficient Ct, and the power can be understood during the turbine rotation. The 

coefficient Cp, a turbine generation system was built positive direction of Fx and Fy are the back side and 

by one phase generator and Rotation Flow Turbine. on left side from the wind direction and RPM sensor11) 

And the Ct and CP could be determined from the (HT-5500) is installed beside the torque meter for 

power generation through the experiment carried out monitoring the rotation speed (Fig. 3). 

at Hirosaki University swimming pooJ7)_ As a result, The measurement is carried out after 5 minutes 

the generator was rotating and generating electricity stabilization while getting the different value of the tip 
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Fig. 3 Experimental photograph in wind tunnel of 
RIAM 

speed throughout changing the electromagnetic brake 

and then measuring and averaging the data over 30 

seconds at the sampling interval of 1 x 10-3 seconds. 

Regarding wind velocity setting, the wind velocity is 

set to 7.5 m/s to be the same as the Reynolds number 

of water flow velocity of 0.5 m/s which is slower than 

1 m/s according to the law of similarity in fluid 

mechanics. The calculation formula is as follows 

Re= 
Vx 2R 

・・・・.・(l) 
V 

Re is the Reynolds number, v(m切s)is the kinematic 

viscosity of the fluid, V(m/s) is the velocity of the 

fluid with respect to objiect which is the flow velocity 

in this paper and 2R (m) is the characteristic linear 

dimension which is twice the radius in this paper. Re 

is 1.5 x 105 for wind velocity of 7.5 m/s and 1.5 x 105 for 

water flow velocity of 0.5 m/s, respectively 

In the calculations, the torque coefficient Ct, power 

coefficient Cp and tip speed ratio ,i are obtained. Then, 

by making the data of Fx and A non-dimensional. the 

dynamic pressure coefficient Cx and the lateral force 

coefficient Cy are estimated. For the angular speed w 

(rad/s), it is calculated from the RPM sensor data as 

follows. 

N 
w = -27r (rad/s) 

60 
・・・・・・(2)

N (rpm) is turbine rotation number per minute. 

il= 
wR 
V 

・・・・・・(3)

R (m) is turbine radius, V (m/s) is wind velocity 

A=2R方 (m筍 ・・・・ ・・(4)

C1= 
2T 

pAV2R 
・・ ・・ ・・(5)

p (kg/1113) is the fluid density, A (m筍 isthe 

projected area of the turbine, H(m) is height of 

turbine. Further the Cp of turbine is calculated by the 

torque T(Nm) and the皿 gularspeed w (rad/s) as follows. 

Cp= 
2① T 
pAV3 

・・・・・ ・(6)

The equation of obtaining the Cx and Cy are as 

follows 

C1= 2F1 . 
pAV2' 

I =x, y ・・・・・ ・(7)

2) Flow velocity on the coast of Tairadate 

As potential assessment of ocean current power 

generation. fixed-point observation of flow velocity was 

conducted at the depths of 5 m and 21 m on the 

coast of Tairadate, Aomori Prefecture from July 21'1. 

2015 to September 30th, 2016. The site where the fixed-

point observation was executed is shown by the dot 

(Fig. 1). And it is 41.194N/140.642E. Figure 5 shows 

the cross section of the experimen ta! area on the coast 

of Tairadate. The vertical axis shows depth and the 

horizontal axis shows longitude and distance (km) 

(Fig. 4 and 5). 

Horizontal flow velocity and the direction were 

measured using an electromagnetic current meter12) 

(Infinity-EM). The measurement interval was 

measured every 30 minutes at 1 second intervals for 

30 seconds and the average value was recorded in the 

logger. During the full year observation. the data were 

retrieved from the undersea current meter every 3 

months and reconfigured. The method of obtaining the 

frequency of the flow velocity and prediction of tidal 

energy potential are as follows 

N Vw 
F=―(%) 

N 
・・・・ ・・(8)

Pw = 0.5p Viv3 x Sx Fx T5 

(kW/m2・hour)・・・・・・(9) 

The estimated value of Annual Energy Production 

(AEP) when the Rotation Flow Turbine was installed 

was calculated based on Pw and turbine power 

coefficient Cp 

AEP = 365x区PwX Ax cp X 刀(kWh)・・・・・・M)
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F(%) is frequency of the flow velocity range, Vw 

(m/s) is flow velocity of the coast of Tairadate, N is 

the total number of flow velocity measurement data, 

N v,., is the number of data at each flow velocity and 

the range is 0.05 m/s. S(m筍isthe area which is 1 m乞

Pw (kW /m2・hour) is prediction of tidal energy 

potential, Ts (s) is number of seconds per day (3600 

seconds) and 7/ is efficiency of electric generator and it 

is supposed to be 60 % in this paper. 

3. Experimental results 

1) Wind tunnel experiment in RIAM 

In Fig. 6 and 7. the results are shown by the 
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relationship between the tip speed ratio A and the Cr 

and Cp of Rotation Flow Turbine based on the 

calculations. The data of the Darius turbine is also 

shown for comparison7)_ It can be seen from the result, 

the value of the experimental data Ct is about 0.05 at 

the ,1 of 0.55, and Cr rises to 0.25 at the A of 0.2. Hence. 

it is indicating a smooth linearity at the wind velocity 

of 7.5 m/s. In addition, the value of CP was almost a 

quadratic curve and Cprnax of 0.06 was obtained when 

,1 is around 0.3. Also, as can be seen from the results, 

the Cp rapidly decreases with increasing in ,1. 

Compared with the Darius turbine, Ctmax of that 

turbine is 0.23 at the A of 1.1, similar with Rotation 
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Flow Turbine and Cpmax is about 0.3 at the ,1 of 1.6, s 

five times larger than that of Rotation Flow Turbine . 

From Fig. 8, although measurement error was 

appeared in the dynamic pressure coefficient Cx slightly, 

it is recognized that the maximum of Cx value is 

obtained at the ii of around 0.3. Here the ii value is 

coincided with that of Cpmax. On the other hand, lateral 

coefficient Cy is negligibly small. In doing so. we went 

for estimating the possibility of power generation in 

the ocean and the drag received when installing into 

the sea. In particular, when the flow velocity is 0.5 ml 

s, the lateral force Fx can be obtained by substituting 

the flow velocity value into calculation (7), which is 47.3 

N. 

2) Flow velocity on the coast of Tairadate 

Fig. 9 shows the time series of the flow velocity at 

the depths of 5 m and 21 m. From the flow velocity 

data. the flow velocity became low from January to 

May at both depths, but the flow velocity is higher in 

other months. Especially, from June to August, the 

flow velocity became faster and the maximum 

instantaneous flow velocities of both depths reached 

1.0 m/s and 0.8 m/s around July 2015. 

The occurrence frequency of all flow data is shown 

in Fig. 10. According to the Weibull distribution 

analysis. both of the frequencies are well-matched 

statistically. The highest frequency of measured data 

is 0.1 m/s at the both depths of 5 m and 21 m 

Meanwhile, it is worth noting that the frequency of 

more than 0.5 m/s of flow velocities are considerably 

low. However, the potential of tidal energy is related 

to the cube of the flow velocity 
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According to equation 10. in the case of 5 m in 

depth, the potential of the flow is 35.4 kW /m2・hour 

Similarly, at the depth of 21 m the potential of the flow 

is 17.2 kW /m2・hour. Regarding the AEP, considering 

that it is possible to generate the electricity from 0.3 

mis by installing Rotation Flow Turbine with 60 % 

efficiency of generator. the AEPs are 710 kWh and 298 

kWh per year at the depth of 5 m and 21 m, 

respectively. 

4. Conclusion 

Through experiments, the flow velocity frequency 1s 

not high above 0.3 m/s, but by introducing a Rotation 

Flow Turbine. it became possible to generate 

electricity from 0.3 mis or more. and it was found that 

electricity can be generated on the coast of Tairadate. 
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In fact, in previous experiments the turbine generated 

electricity from 0.3 m/s. Compared to the Darius 

turbine with the cut-in velocity of 0.8 m/s and the 

same area, Darius's AEP is 369 kWh and 14 kWh per 

year at the depth of 5 m and 21 m, respectively. For 

this reason, the AEP of Rotation Flow Turbine is more 

than twice as high as Darius on the coast of Tairadate 

where flow velocity is low. 

Based on the result. it was found that if the power 

generation was added amount corresponding to the 

flow velocity of above 0.3 m/s or more, 81 Wh and 34 

Wh electricity can be obtained per mean working hour 

at the depth of 5 m and 21 m, respectively. On the 

coast of Tairadate. the amount of electricity generated 

at the depth of 5 m is tow point five times higher than 

at the depth of 21 m. In other words, shallow water 

depth is a better installable place for electricity 

generation, even the trap-net was set at the depth of 

26 m. Therefore, it is enough to supply for the metal 

halide lamp by installing only one Rotation Flow 

turbine on the trap-net at the depth of 5 m when the 

water turbine power generation system is arranged 

by using the generator with efficiency of 60 %. On the 

other hand, since the efficiency of the metal halide 

lamp (55 W) is 60 to 100 lm/W13l, by changing the 

HE200 (10 W) made by IRIS which is a light-emitting 

diode (LED) with 200 lm/W14l. one Rotation Flow 

Turbine can supply for eight LED lamp as the power. 

This is equivalent to two metal halide lamps at the 

viewpoint of light intensity. 

Being that, if the Rotation Flow Turbine will be 

installed, it will be permanently usable with less 

replacement except maintenance. Besides this, it will 

be expected to supplement electricity in places where 

electric wires do not reach. Therefore, we will make 

future research on the problem of deposits in the 

power generation system using the generator, the 

arrangement method when installing a large number 

of turbines, and the problem of adhesion when the 

turbine submerged in the ocean 
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和文要旨

近年，漁獲量の減少が続くため，漁業者は定置網の効率的な使用等の解決方法を切望している。先行研究

に魚の走光性を利用するものがあり，定置網に照明を設置することでマアジなどの捕獲量が増えたとの報告

がある。これを実装する足掛かりとして，我々の研究室で開発した水車の風洞実験と平舘での流速測定を行っ

た。その結果，平舘では水深の浅い方で発電量ポテンシャルが高く，定置網にローテーションフロータービ

ン水車を設置することで平舘の定置網にメタルハライドランプ実装できる可能性が分かった。また，メタル

ハライドランプの代わりに LEDランプを設置できる可能性も分かった。
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