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Abstract
In remote areas of developing countries, it is difficult to install water supply infrastructure, making agricultural 

production challenging outside of the rainy season. By installing a waterwheel-type Wirtz spiral pump that harnesses 

the flow of rivers, water can be supplied even during dry periods without the use of fossil fuels or electricity. In this 

study, we designed and manufactured a hydro-powered spiral pump with a waterwheel diameter of 1.2 and 1.5 meters, 

installed it in rivers within Japan and in rural areas on the island of Sumba in eastern Indonesia, and verified its 

performance. The results showed a water delivery rate of 5 to 10 L/min and a maximum head of 7 meters.
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Fig 1 Schematic iagram of the piral ump

Fig 2 The state of the water and air inside the hose 3)
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Table 1

Table 1 Number of coils of hose
Outer coil diameter [m] Dout

1 1.2 1.5 1.8 2 2.2 2.5 2.8 3

Total H
ead

H
T [m

]

7.5 10.6 8.7 6.9 5.7 5.1 4.6 4.0 3.5 3.3
10 14.8 12.2 9.7 8.0 7.2 6.5 5.6 5.0 4.6
15 23.8 19.8 15.7 13.0 11.6 10.5 9.2 8.1 7.5
20 33.5 27.8 22.1 18.3 16.4 14.8 12.9 11.5 10.7
25 43.6 36.1 28.7 23.8 21.3 19.3 16.9 15.0 13.9
30 53.9 44.7 35.6 29.5 26.4 23.9 20.9 18.6 17.3
35 64.4 53.5 42.6 35.3 31.7 28.7 25.1 22.3 20.7
40 75.1 62.4 49.7 41.2 37.0 33.5 29.3 26.1 24.3
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Fig. 3 Pump design drawings

Fig 4 View of spiral pump

Rotary Joint

Paddle

Coil hose

Scoop

太陽エネルギー－ 71 －Vol.52. No.5

Development of a Water Supply Facility Using a Hydro-Powered Spiral Pump



4 

Fig.5
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Fig. 5  Results of measurement 

Fig. 6  Single coil and double coil 

Fig. 7  View of experiments 

Table 2 23   
[%] 2
29 [%] 45 [%]

0.59  
 

Table 2 Calculation of efficiency 
Item Value Remarks 

Flow rate Q 0.000066 [m3/s] measuring 

Rotation Rev  7.5 [rpm] measuring 

Total Head HT 3.7 [m] calculation 

Pump power Pw 0.0024 [kW] =ρgQHT 

Angular velocity ω 0.781 [rad/s]  

Torque of Pump τpump 13.2 [Nm] equation(10) 

Input power P 0.0103 [kW] =τpump ω 

Efficiency η 0.23 - =Pw/P 

River flow velocity Vriver 1.00 [m/s] measuring 

Tip speed ratio λ 0.59 -  

 

Fig.8 2024
NGO 3

Table Fig.9  
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Fig. 8 Location of Sumba Island 

Measurement at the river 
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Table Specification of testing pumps 

Pump No. No.1 No.2 No.3 

Materials wood Wood Acrylic 

Wheel diameter [m] 1.5 1.2 1.5 
Paddle: Width × 
Height [mm] 900 × 225 600 × 225 900 × 225 

Hose internal diameter 
[mm] 25 20 25 

No. of turns 10 10 10 

Single or Double coil Double Double Double 

No.1             No.2             No.3 
Fig. 9 View of testing pumps 

3
30

 
Table 4 3  

30 [%] 48 [%]
2

3

3

 

Table 4 Testing results 1 
Pump No. No.1 No.2 No.3 
River Depth [mm] 400 

Submersion Depth [mm] 130 200 200 

Rotation [/min] 14.1 14.8 18.7 
Flow rate [L/min] 
(at Pump outlet) 7.8 4.1 11.2 

Flow rate [L/min] 
(at 3m height) 4.0 5.0 5.0 
    

Calculation Flow [L/min] 
Double coil  16.4 13.8 25.8 

Ratio of measurement and 
calculation 0.48 0.30 0.43 

Fig. 10 View of testing 

2 3
Table 5

 
Table 5 Testing results 2

Pump No. No.2 No.3 Remarks 

Rotation [/min] 15 12  

Flow rate [L/min] 
(at Pump outlet) 3.1 7.5  

Flow rate [L/min] 
(at 3m height) none 3.7 Hose Length:  

30 [m] 

Fig. 11  No.3 pump and the field supplied with water

24

1.2 [m] 2

Table 
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Fig.12 13 14

1.2 [m]

Table 6  Specification of assumed standard pump
Wheel Diameter 1.2 [m]

Coil hose internal diameter 25 [mm], 10 [turns]

Paddle width and height 600 [mm] × 225 [mm]

Total head 7.5 [m]

Flow rate 3 [L/min](Double coils)

River flow velocity 1 [m/s]

Fig. 12  Standard pump performance
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Fig. 13  Standard pump drawings

Fig. 14  Photo during manufacturing pump
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