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About the wave-driven upwelling pump 

• The upwelling pump is connected 
to the float to transmit the 
movement of the waves to the 
pump. 

 

• As the pump rises and accelerates, 
the water in the pipe pushes open 
the valve and pumps the water. 

 

• It has the effect of lifting the water 
to the surface by containing more 
nutrients that exist in the deeper 
layers. 
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Experimental apparatus 

• Uses motor and gearhead with an output 
of 90W and a reduction ratio of 30 

 

• The amplitude can be changed by 
drilling hole in the gears. 

 

• The fixture is made with a 3Dprinter and 
wrapped with a string to prevent leakage. 
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Measurements 

• Measurement results for a wave 
period of 3 seconds 

 

• The larger the amplitude, the greater 
the amount of upwelling. 

 

• It’s asymptotic to a constant amount 
over time. 
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Considerations 

• Comparison of the amount of 
upwelling for each amplitude. 

 

• There is a proportional relationship 
between the amplitude and the 
amount of upwelling. 

 

• The upwelling rate increased by a 
factor of 1.44~1.66 when the 
amplitude increased by a factor of 3 
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• Comparison of the amount of 
upwelling for each wave period. 

 

• There is an inverse relationship 
between wave period and the 
amount of upwelling. 

 

• The upwelling rate increased by a 
factor of 1.32~1.52 when the wave 
period increased by a factor of 1/2 
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• Theoretical equation of upwelling rate 

 𝑄𝑡ℎ =
𝜋𝐴𝐻

𝑇
−
∆𝜌

𝜌
𝑔𝐴𝑇  

 (A : Pipe cross section, H : Amplitude, T : wave period) 

 (𝜌 : Density of water, ∆𝜌 : Density difference, 

  𝑔 : Acceleration of gravity) 

• Upwelling flow efficiency 

 𝜂𝑢 =
𝑄𝑚

𝑄𝑡ℎ
 (𝑄𝑚 : Measured flow, 𝑄𝑡ℎ: Theoretical flow) 

• Upwelling volume efficiency 

 𝜂V =
𝑉𝑚

𝑉𝑡ℎ
 (𝑉𝑚: Measured volume, 𝑉𝑡ℎ:Theoretical volume) 

  𝑉𝑡ℎ = 𝐴𝐻 
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Upwelling efficiency of each 
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η＿Vのグラフ 



Upwelling efficiency of each 
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Proposal of experimental apparatus 

• Reduce the water head 
difference 

 

• Packing optimization 

 

• Pump movement force 
measurement 
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Outer tank 

Inner tank 

Transport tank 

To the measurement device 



Conclusion 

1. Design and manufacture of experimental equipment for wave-driven 
upwelling pumps and flow measurement. 

2. The relationship between the amount of upwelling and the period 
and amplitude of the waves was obtained from the measurements. 
The maximum upwelling rate was about 0.035 kg/s. 

3. The upwelling effect was defined in flow rate and volume, 
respectively. The amplitude and period had an effect, with up to 10% 
and 16% results, respectively. 

4. We studied the measurement error caused by water leakage and 
found that it affects the efficiency by about 6%, so we proposed an 
improvement plan. 
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Thank you for your attention 
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