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Construction of evaluation method for pumping

capacity and vertical displacement

of the wave-powered upwelling pump.
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Fig.1 Global sea surface temperature [1]
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Deep Seawater

Fig.2 Upwelling by wave-powered upwelling pump [4]
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Fig.3 Upwelling by air-lift pump[6]
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Fig.4 Upwelling by artificial structures[8]
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Fig.5 Wave-powered upwelling pump



Fig.6 Check valve
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Fig.7 Connecting the buoy to the pump
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Fig.8 Wave-powered upwelling pump at sea
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Fig.10 Maximum pumping capacity
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Fig.11 Effects of gravity

K@D XY, /N ERFEFEIAG) DX 51k 3.
Umin > % - %QT[m/S]
Unin P HNOKD /N FAEE [m/s]

X(1), RG) X VY EAEEIZROG) DX 51Tk 3.

7o TH p'-p
U= T 2 gT[m/s]

<

BN O IKDI FFEE [m/s)
L7=2oT, FHEKBEIR(D L5 IcBERINS,
G=Uxa=(T-22LgT)a[m/s]

Q DK E [m3/s]

12

(5)

(6)

)



E 7o, FEELKEQICH L TORBRDEIKEQeq P L2 HAMHn, & LTHO®) DX i
EHRT 5.

Ny = _Qrgeal ®)
My BT YRS
Qreal : %F%‘S@T%7k%[m3/8]

CZETOMRMTIZTA o CICBAEFR Y 720 =AM cETET 3 2 & 2o
AifE e LT3, EEBEOBEIEMT, ZOFEOMBFBERER L VERTILELRDH 5 P,
Z ORI T4 LEA R Y TIE B L U T o@EH FREASEZLONSE,. T
THOMBEL LTRDATEHZEEL 7-.

(1) 74 DB E DILHALDRNE:

(2) ETET 280Ky FHLEE Fp4R & K o FREHEST
(3) FTEI 2D+ v S INEE L KR o w BT

(4) WikFroBXE, KN T 2 BT

7 A DTz OFEHFTFERIIA ()DL Hickh 3.
2
mp % =-mpg + Fbuoy - Fpump (9)

my, : 74 oEE[kgl
Fouoy — * 7 A D#IIIN]
F Ry 7RG & T3 J[N]

pump

BAR Y 70 BTG 2 OFEHTREAIE(10)0 X 5 ick 3.

d?*z
mpﬁ = —(,0, - p)%g + Fpump t Fflow out t Fflow in t Fvalve (10)

LRE Y 7 DER (k]

, O KD (R m?]

Friowour © & FHIS B0 v 7 50BE- Fo4i & WK o BT I & % 1[N]
Frowm © ETFHIT 50 # Y 7PEE & ko RBHETTIC X 5 71 [N]
Frawe  © ILFOE, GEMBICH T 2 FEHEHIC X 2 5[N]

13



Fflow in

Fig.12 Force acting on the device
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Fig.13 Overall view of the equipment
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Fig.16 Motors and gears
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I

A4 HEER

NEEREE (T L 2 HKEDAERR

€ — X O [EFEL 20rpm, b TEB)E 60mm T OMEERER 2 LA T ICRT.

£ — X OHRE 30rpm, L TIEE)E 60mm <ol

£ — Z O [E§E 40rpm, L TEB)IE 60mm < D H|

Table 1 Amount of pumping water(20rpm, 60mm)

reliEls] | BkEQ B kgl | BkEQCEH) kgl | FKECFHS) kel
0 0.000 0.000 0.000
30 0.320 0.420 0.370
60 0.765 0.925 0.845
90 1.280 1.450 1.365
120 1.815 1.990 1.903

RELLTITRT.

Table 2 Amount of pumping water(30rpm, 60mm)

fedikEls] | BkEQ IR kgl | HkEQC BIH) kgl | HkECFE) kel
0 0.000 0.000 0.000
30 0.500 0.520 0.510
60 1.055 1.105 1.080
90 1.670 1.745 1.708
120 2.290 2.320 2.305

RELUTICRT.

Table 3 Amount of pumping water(40rpm, 60mm)

redlkEls] | BkEQ BIH) kgl | HkEQC BIH) kgl | HkECFS) kel
0 0.000 0.000 0.000
30 0.660 0.620 0.640
60 1.385 1.310 1.348
90 2.185 2.055 2.120
120 2.950 2.835 2.893

£ — Z ONHEE 20rpm, b TEB)E 130mm T OBIERFEE LT ISR T,
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Table 4 Amount of pumping water(20rpm, 130mm)

redief[s] | BkEA EE) kgl | HkEQEBIE) kgl | BKRCHT) kel
0 0.000 0.000 0.000
30 0.535 0.500 0.518
60 1.185 1.140 1.163
90 1.895 1.840 1.868
120 2.670 2.585 2.628

£ — X OHRE 30rpm, L TEBE)E 130mm CTORER R EZ AT ISR,

Table 5 Amount of pumping water(30rpm, 130mm)

ol [s] | BkEQ BE) kgl | BkEQ HH) kgl | Bik&ECF) kgl
0 0.000 0.000 0.000
30 0.625 0.705 0.665
60 1.400 1.560 1.480
90 2.225 2.420 2.323
120 3.090 3.355 3.223

E— 2 D [EHEEL 40rpm, | THEB)E 130mm TOMERT R Z AT IR T

Table 6 Amount of pumping water(40rpm, 130mm)

redikEls] | BkEQ IR kgl | HkEQC BIH) kgl | HkECFE) kel
0 0.000 0.000 0.000
30 0.725 0.750 0.738
60 1.540 1.585 1.563
90 2.430 2.490 2.460
120 3.380 3.455 3.418
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E— X OEHEE 20rpm, b THEBE 180mm T OBIER R EZ AT IR T,

Table 7 Amount of pumping water(20rpm, 180mm)

redief[s] | BkEA EE) kgl | HkEQEBIE) kgl | BKRCHT) kel
0 0.000 0.000 0.000
30 0.705 0.805 0.755
60 1.440 1.630 1.535
90 2.205 2.490 2.348
120 2.995 3.310 3.153

E— X O[EFRE 30rpm, b TEB)IE 180mm T OHEER R % LT ICRT.

Table 8 Amount of pumping water(30rpm, 180mm)

ekl [s] | BkEQ EH) kgl | BkEQC EHH) kgl | BkECHE) kel
0 0.000 0.000 0.000
30 0.815 0.780 0.798
60 1.655 1.580 1.618
90 2.525 2.385 2.455
120 3.425 3.250 3.338

E— X D [EHEEL 40rpm, | TEB)E 180mm TOMERT R Z AT IR T

Table 9 Amount of pumping water(40rpm, 180mm)

redikEls] | BkEQ IR kgl | HkEQC BIH)[kg] | HkECFE) kel
0 0.000 0.000 0.000
30 1.110 1.085 1.098
60 2.180 2.055 2.118
90 3.240 3.035 3.138
120 4.325 3.995 4.160
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HATRCOR L PR KE R L TEEEEC ST 71 L7zd D2 TITRT,

Amount of pumping water[kg]
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Fig.35 Amount of pumping water(180mm)
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Table 10 Average amount of pumping water [kg]

60[mm] 130[mm)] 180[mm)]
20[rpm] | 1.903 2.628 3.153
30[rpm] | 2.305 3.223 3.338
40[rpm] | 2.893 3.418 4.160

HERFENZ 2 0D 729, £ 10 22 o P HK R [m?/s] 2 B L 7z, SRR 2 AT IR 3

Table 11 Average amount of pumping water [m?/s]

60[mm] 130[mm] 180[mm]
20[rpm] | 0.0000159 0.0000219 0.0000263
30[rpm] | 0.0000192 0.0000269 0.0000278
40[rpm] | 0.0000241 0.0000285 0.0000347

K(7) 2 & HEH K E[MY/s]| 2 LT O X 5 IR L, EHEREZUTICORT.

Table 12 Theoretical amount of pumping water [m?/s]

60[mm] 130[mm] 180[mm]
20[rpm] | 0.0001546 0.000335 0.000464
30[rpm] | 0.0002319 0.000502 0.000696
40[rpm] | 0.0003092 0.000670 0.000928

£ 11, K120fEZHT, K@) »LBAMFEy, 2R L 2. FHHRZUTICORT.

Table 13 upwelling efficiency

60[mm] 130[mm] | 180[mm]
20[rpm] | 0.103 0.065 0.057
30[rpm] | 0.083 0.053 0.040
40[rpm] | 0.078 0.043 0.037
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Fig.37 Vertical displacement of the buoy's center coordinates
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Fig.38 Effect of windbreak
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Fig.39 Three-dimensional coordinates
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Fig.40 Angle calculation method
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Fig.41 Tilt of buoy
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Fig.42 Vertical displacement of connection
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