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

Keizo YOKOYAMA™* Rohann D’SOUZA" Benjamin EVERITT"”
TINFH A 284 SR Y T & BHKTEZRDBTE
BLEr= " RS Ry YxIy - TNLy R
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. 2 The state of the water and air inside the hose *
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Table 1 Number of coils of hose
Outer coil diameter [m] Dout

1 12 |15]18 ] 2 |22 ]25(28] 3
7.5(106| 87 | 69 |57 |51 |46 [40 |35 ]33
e 10 |14.8 (122 9.7 | 80 | 72 | 6.5 | 5.6 | 5.0 | 4.6
EE; 15 123.8[19.8[15.7|13.0|11.6]105| 9.2 | 81 | 7.5
%_ 20 |133.5(27.8122.1 183 |16.4|14.8|129|11.5|10.7
25 143.6[36.1 [28.7 123.821.3]19.3|16.915.0[13.9
E 30 |153.9(44.7 [35.6 |29.5|26.4|23.9 [20.9 [18.6 |17.3
2 35 | 64.4|53.5[42.6 |35.3 |31.728.7 |25.1 |22.3 [20.7
40 [75.1[62.449.7141.2137.0|33.5[29.3[26.1]24.3
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Fig. 4 View of spiral pump
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Fig. 6 Single coil and double coil

Fig. 7 View of experiments
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Table 2 Calculation of efficiency

Item Value Remarks
Flow rate Q 0.000066| [m*/s] | measuring
Rotation Rev 7.5| [rpm] | measuring
Total Head Hr 3.7{ [m] calculation
Pump power Pw 0.0024| [kW] |=pgQHTr
Angular velocity @ 0.781] [rad/s]
Torque of Pump Tpump 13.2{ [Nm] |equation(10)
Input power P 0.0103{ [kW] | =Tpump
Efficiency n 0.23] - =Pw/P
River flow velocity Viiver 1.00{ [m/s] | measuring
Tip speed ratio 4 0.59] -
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Fig. 8 Location of Sumba Island
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Table 3 Specification of testing pumps

Pump No. No.1 No.2 No.3
Materials wood Wood Acrylic
Wheel diameter [m] 1.5 1.2 L5
Paddle: Width 900 x 225 | 600x225 | 900 x 225
Height [mm]

Hose internal diameter 95 20 95
[mm]

No. of turns 10 10 10
Single or Double coil Double Double Double

Fig. 9 View of testing pumps

5. 2 FEERIKiR

BUESNTZ 3 EEHOR L 72 EBEO)INTRE L, O
RREMZIHE Lz, WESPTEH O B TR 30
BNDEZAHICHHIMTHD.
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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) 78 41 1.2
Flow rate [L/min]

(at 3m height) 40 30 30

Calculation Flow [L/min]

(Double coil) 164 138 258
Ratio of_ measurement and 048 030 043
calculation

Vol52. No.5
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Fig. 10 View of testing
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PEDTERE STz
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 73

Flow rate [L/min] non 37 Hose Length:
(at 3m height) one ' 30 [m]

e o ; -

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

B SR D = 3L X — CIEfE AT RE 2R K BLEREh A 1 T 1
R 7 ORIEL & EENCEBIT D EEREIT - 7=, #HlCE
WTIE T @ RSB T A+ Tholo Z &%
BDIRND, 2L TR TN E RS 5 2 L n
TE7e. 24 WREREL 2 M L FICEBA TE 5 L %
EBZDHELVOPBEORILHTARTEDLTHAH. LR
S CAERER LR A —VEED 1.2 Moy A7 2 &
) b HOEREETH 0, BERO TBEBNITORT W)
7o, SkIE, TOYA REREHECLT, MoH A R X
STRUVTERTHESTAIZLLTHEORLIZEITH
5. INZEOFIOPKENE R LT & EDEE~DH A —
CESTED, )NDEE B CR#ET S Z LR BTl
T2 TWVD HARICE > TR LIZK WE S ZREREHZT 2
OPHEBTHH2, BEIT 5135 M lEa 2 N E2EE TR
BEENTHY, TOEDICREBEIENTHD. 5%
FEL TR TORIR & AR Table 6 © £ B9 TH

Kb A ) F—



Keizo YOKOYAMA, Rohann D'SOUZA and Benjamin EVERITT

%. Fig.12, 13, 14 (2 PAEMEREX, SUEX & OCERYEROE a) Rotation
Haflits.

SHIE, LTOREBELERREEZITo &,
CHREAL AR A —VER 12 mIBRE T —~ A THBE AR
BYA R HEEEET D
AR= A b BIMITTIETE 1K= 2 N OB OERE
- R RSP 4 TEERIC S WEPBLOEE

ZOXI BB TEMiGT 22 LICL - T @ EEICE
(F 2 KRR, OV IR OIEHEIZ S22 3 ud sz
Ths.

Rotary Joint

Stream
o <
Table 6 Specification of assumed standard pump
Wheel Diameter 1.2 [m]
b
Coil hose internal diameter 25 [mm], 10 [turns] )
Paddle width and height 600 [mm] x 225 [mm]
Total head 7.5 [m]
Flow rate 3 [L/min](Double coils)
River flow velocity 1 [m/s] )
20 50 jr
18 45
_ 186 40
T - 35 T
£ o
212 < Flow rate BE
2 10 25 ¢
. el _J %2
z —_—— =
S s ——— 15 ©
4 = _,...—-"_- Rotation » — | 10
2 —— [ 5 Paddle (8Nos)
01 00 125 150 1.75 2 noo ©) 600[mm}x225[mm]
: i - - : 600
River flow velocity [m/s] \
(©)
Fig. 12 Standard pump performance § il
> al |
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Eg‘jﬁ$ Joint o
. | |l &
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TR, HUHR R O AR G, FBE NPO HEAHIER O
KEBDROME 28, V7 —3IN4, BiHh NPO 1 N\ Dk
B 0N 0 a2, 2 ZIZR L TES O
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Fig. 14 Photo during manufacturing pump
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