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Sea cucumber culture in a fishing port utilizing wind energy.
> Air pumping system design and demonstration experiment : Chapter 3
> Concrete structure for sea cucumber culture : Chapter 4

> Demonstration test using a air pumping system : Chapter 4

Producing seagrass seedings utilizing wind energy

> Sea water pumping system design and demonstration experiment : Chapter 3
> Demonstration test using a sea water pumping system : Chapter 4
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@ Propeller type @ Sail wing type @ Dutch type @ Multi-winged type

0o Bl

© Cross flow type (D S-type rotor type

2.1),

_ Horizontal axis wind turbines

Vertical axis wind turbine

T

® Darius type ~ ® Linear wing type } @ Savonius type Paddle type

Fig. 2.1 Variation of wind turbines.
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2L, BAKAEOESAORE L L THRIET 5,

Rotation flow type (vertical axis)

Diameter : 250mm Height : 500mm
Diameter : 390mm Height : 560mm

730mm

13.5kg

JIS H 4100 Aluminum based Alloy A-6063S-T5

JIS H Anodic oxide coating+Electrolytic tinted
silver with glossy clear coating

Fig. 2.3 Commercialized rotation-flow wind turbine and its specification.

n—7—3Yar7o—0HimiE, BEEO EFAT 1R, AHETTIRIEEES
HIANZREMIFEA B S, 2T b— FRMAIZ Z BRI Z & TR 215
T, BRIZZo27e—RELEHTEY, 7oA77 o=@ B To
ZENIFERZ2 NS, WHBIC AV A ATZ R BV 2238 V) $)T 2 BIC&RIT 1 [a]
DFF 2\ 7 L— &M Z & Thlliz LT 5 19 Figs. 2.4,2.5 1%, K¥ 5 (2016)
LD ZENETNORED LI 2 L—r a3 1V B NEO RO FE ORI % it
HIZE DAL LTERER TH - T, m—FT—T a7 e —IWNEHICAVIAAT
AL T ZR L, 7= RFE2MLTWoHR, Zrx7a—3ibh

200,

I

b oy E1.25
Time: 2.550000 20.000e+00

Fig. 2.4 Simulation result of unsteady flow-field for rotation-flow typed turbine.

15



U Magnitude
5.000e+00

=—3.75

I 25

B-1.25

0.000e+00

Time: 1.600000

Fig. 2.5 Simulation result of unsteady flow-field for typical cross-flow typed turbine.

2.2 Fletit
2.2.1 HIEREM

251 IR RE RN D F2BR & hh D H RIS, HEEE AW TR R b &
{257 b— NREZBRET 2720, Rt LEBEEELZ S &2, 7 b— FIEZ
X AMRERE A, A—TF Y —ADY T FU =T OpenFOAM, 2 &t CFD

(Computational Fluid Dynamics) % fVCTHENT 21T - 7=,

2.2.1.1 fFEWAE

fEHTIZ1E OpenFOAM 3.0.1 Z i f L, pimpleDyMFoam % Fi\ 7= JEEHiE & &
ELIT Y R—IZ X % 2 IR5T CFD fifffr 24T - 72, 22T, EIRET /W% k-0SST
& U, WIS 1T IR i ELIE VL2 3— D simpleFoam % FVCEEES & E /)
LEHELTEXT,
2.2.1.2 BImETI

fEMT T DR, BAEL b D ER—EE L, [FEET 2 MEOHERE D IX
940mm CToh 5 (Fig.2.6), 7 L — KiE W X 75, 185, 290, 410 mm @ 4 fiifH &

EEtiZ4mm IZEE L7z, BEZS KD T L— RNt , M2 Ao
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TIE, 7L —FRHLOHLREEFRLEKAZERE T L— REDRTAHEN 35°
EBboE L (Fig.2.7), 72, g Z .07 b— RO AEHEL TV 5

bk Lz,

- -
’,— ? -
-~

Sennm=="

Fig. 2.6 Dimensions of a single blade and Fig. 2.7 Blade arrangement image from
size of the turbine. the direction of the wind turbine axis

used.

JEH.DOEAE (D:940 mm) Z FHEL LT, AL mITRFEOHTHE TEILE N 5D
& 15D, MEGm () 1ZEEE %12 10D & L 72 fEi%% blockMesh TERL L
7= (Fig.2.8), JAHUTEE & ONilkiE, snappyHexMesh Z W CHEAEIL TV 5,
JEVESE D A v 2 a2 OIRAEIL, 7 L — R & v —& ORESE R TRk L7z (Fig.
2.9), 72d, FHAERHENE D2 OFH RSB AR A A v 2 LT, FHko St
AR &V, RPN IZBRICBE DO R E W Z — B s & T ilo 7%

e Lz,

7z, pEH M (RAHEBEITE) (IA Y2 1 EOh 846 mm DREHELE L,

B VENTRY 26,000 TH 5,
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5D 15D

Fig. 2.8 Mesh distribution of the analysis domain used in the simulation.

outlet
f’ 10D

20D

Fig. 2.9 Enlarged view near a wind turbine in the mesh distribution of the
analysis domain used in the simulation.

JEHIE 3 m/s D—EE LT, Bk A OfEix 02, 04, 06, 08, 1.1¢&
L, Fiticnd (1), @), 3) 2AVEEEAEE o Z5HHL, 1, 3, 4, 5,
Trad/s & &2 DT, Z 2T, JAEE O FEED T L — RIgumEE & i A
JEUE v DL TREIND,
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S 62, NU—RE (Cp) % TR T R (4) TR, HEREFHm 21T > 72,
T —1%¥% (Cp: power coefficient) 1, HRJRD S EEAFH L CHEY HF

TEDOTEATRAX—DOFREFET,

o " T -w
XU —5% Cp = Doar: @
2
T: s/ 2 [Nm] w : [A1HE A 5 FE [rad/s] p 1 225U [kg/m?]

A B\ EFE[ nd] v . A [m/s] r JAE AR (m]

2.2.1.3 fEITHR

FENTRE % Table 2.1 I2F £ 72, Cymax L C, 23N EEE A lTxk L TR & 72
HIETH D, ZOFEE, 7 L— Fig 290mm LA HAIMERED R W T L— RiF &
e STz, Z OITHER A 2B N N T v 7 R LT T ERZ1T - 72,

Table 2.1 Analysis results of 2D-CFD simulation for Rotation-flow turbines

Blade width C,Max Tip speed ratio
75 0.037 0.158
185 0.116 0.588
290 0.168 0.572
410 0.042 0.534
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2.2.2 IMNEFSVUICKDHER
22,1 AT TR HEf#T 22810, R E A/ M N T o 7 ITH#E L ETT S,
BB ZEZ L, 7L — N & REALZZZIELED Mvs o
ZAb % Hel e OV PR RE D AR KT HLi 24T > T
Fig. 2.10 (%, /NN Z v 7 (TR B DN SRR E 2 5 L 72 MBI B T
H 5,

epﬁ

SR

Fig. 2.10 Appearance of the on-board used in the experiment
wind turbine.

2.2.2.1 #EHREXEHME
MR E O ~HEIL, B 940mm, & X 847mm CTH D (Fig. 2.11), #MEHZBE

L ClX Table 2.2 IZ/R L T2,
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1 940mm
i
@ / <\ & @
- Y
i ;\ T /] iin © 5 X ®
/ \\\\ \v""//
1165mm | @

Fig.2.11 Overview and sideview of wind turbine used in the experiment.

Table 2.2 Components of the wind turbine used in the experiment

No. Name Material Dimensions

@ | Top plate for blade connection A5052 Diameter : 940mm Thickness : 4mm

@ | Bottom plate for blade connection A5052 Diameter : 940mm Thickness : 4mm

® | Outer frame A5052 Height : 1006mm Width : 1165mm

@ | Shaft Sus304 Diameter : 10mm Length : 100m

® |Blade Polycarbonate Height : 847mm Thickness : 4mm Number of sheets : 8 sheets
® | L-shaped angle A2017 Height : 40mm Width : 140mm Thickness : 2mm

@ | Thrust bearing Scm435+Sus304 Lr;SI:dbeegriiar‘\g?aeI:s: I1gr:gmium molybdenum steel

2.2.2.2 ZEEREHAINEER - £E
Fig. 2.12 1%, BHEACAZE 3720 BT S8/~ T v 7 ~FEZEREHH
Has - EEOBHEZ R LI O THY, BEHNCHHAT 5,

Fig. 2.12 Experimental apparatus
mounted on the small truck.
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O FANVHROMK V-S83P, HMFAEE 1180kg, & 3290mm, IF
1390mm, &S 1790mm, 4V U VEREIO/N N T > 7
@ Yo rtho 2 pRkA B E A EGEEE, CYG-85000 & V7o, HEEEHE)

5K 150mm 22 ST 7L E IR E LT,
@ MEERFIE, 2.2.1.3 DTSR 22 B2 7 L — NiE 290mm & 350mm &
REAELZEZT-HOEHE L, Fig.2.13 /89 X 9121 Rotor 1, Rotor 2,

Rotor3 & L7,

Rotor 1 | Rotor 2 Rotor 3 :
Installation angle:55 Installation angle:65 Installation angle:67
Blade width:290mm Blade width:290mm Blade width:350mm

. . - Qs
’190 N Y 290 N o
95s/ 1 > g B0 g £
L~ o o )
eoeec] oyl [ - | N A WS CA Mg |
Q o’ AN 5

Fig. 2.13 Blade width and installation angle of the used in the experiment wind
turbine.

@ PEEHEDOERETH D,

® FERLMERNCHBIT 5 (Fig. 2.14),

CJAHEOREEEH AR E R DL TOD N v
TV T (EHERES A )

-+ bov7, [BlEsEGGETHAIES © UNIPULSE +E

fElEs kL7 A —% UTMII-1Nm

-ﬁ/ q
& f orque meter
= — Rotary machine

controller
3 {EORIEHE (b7 A— ¥ Dk R N
Tachogenerator
2£INm D7 Atz L boL 7 JEE
. ¥ b g sl \ e
ZECTORD) Fig. 2.14 Experimental setup directly

connected to the rotating axis of the
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- [PlEsflEgs (REsZ2fE L hvs D e 572, By 7 )70 n
W AT LV AROBIRO G O 2 THRAR, TO 2% LTy b Tl
L, AU aki, BENAREL DI LITLY 7T L —F 2T R 2 Fl#E - 5)

c [PHEREGH AV ek L— X

- 7 — X INEREE © GRAPHTEC 47— % 1 7/ — (GL900)

2.2.2.3 EEAE

ARFEBRIE, FHREBEATICH 2 MG MNIITEIE N R REERITE v & — &
AR BT FERTHHIN D B TTT o 72, RIEITIERER 1km TH Y, S22 &
NI ER TH D,

Fig. 215 13/ - F » 7 OEITERERTIOE T+ TH 5,

FEBRI, #HE Skm, 10km, 1km, 20km, 25km, 30km, 35km (1.39m/s, 2.78m/s,
4.16m/s, 5.56m/s, 6.94m/s, 8.33m/s, 9.72m/s ([ZFHY) &, FTREIT-7=, £h
FNHEZR GRS 500m EAAEITL, N NT v 7 L RFEOEERE LT
M, TL—X%NEEZTEVELREL, ©7) vy, BGE, [EishHE %
F—AuH—CiEEk LT, TRENOEE TS Vo iE, [RIERH] R 0O EEEE
TL—XOHEEx, RELFERLL, WM IEEEZT —% 82— Thf
LN ORRIE Lz, FEBRIT72 2~ HARR D 72 WIRF AR, F 72 IZ58 WO R E A
(JBOUE 2m/s LLTF) 1TATVY, RHAISORER DD L9 TRLT,

MERRRE 23 1 D AR E JRGE &, Table 2.3 {2/~ L72,
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Farm road

!

Fig. 2.15 State of truck driving experiment.

Table 2.3 Estimated wind velocity in relation to vehicle speed
Vehicle speed(km/h) 5 10 15 20 25 30 35
Wind speed(m/s) 14 | 28 | 42 | 56 | 69 | 83 | 97

2.2.2.4 ZEERHRE

REBRTIX, M by, EEEEEOCREEL T — 4% o 7—2ugk Lz (Fig
2.16), EHITHER L7 b D% Fig. 2.17 IZR 7,

RERICROEMEE 2, 1ch (21X Fv2 (0-INm/0-5V), 2ch (iElEEE (1
A5 4 2V A) ) 3ch IZIXJEE (0-100m/s/0-5V), 4ch [ZiX[AIHEEL & Lk L7,

NN T 7 OFEFTHIC vy ), JRGE, [RIERER DI 8 AR 2 LT
WD IRFE A 2 0 — YV A-J1— V)V B I CHiEEEE L, ) by BEIZEA L T
I 2R D, EERAE L L7z, 2ch, 4ch i, TNENEERE LT A—F 0D
H 7 4 2 [R5 C 2 % [mlfis A B I A L7z,
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Range specification by cursor A-B

VV“—

LEL]
YT Miodse  sewism w0 moeinan
i « »

2T T M o | o» Jur |
wwinen i woinn om0 wwinn
Too

>

i «

Time/dow L == aEmwL Time/div M I - mhcH REWL
s = 5 55 = :

Fig. 2.16 Waveform of the data logger. Fig.2.17 Waveform of the data logger
(Fig. 2.16) further enlarged.

MILDEREDZE L

Fig. 2.18 1%, & MEO EHE 7m/s [6.5m/s~7.4m/s] 23T DRl HE L kL
JOERZERLIEEDTHY, LFOZ ERbLN5,
- A EE MRV E, M2 IEEL R D,
* Rotor 1 & Rotor2 @ h/L 7 fEiX, [RIEAAHE 6rad/s LA T ORI T INm 2L EIC
ol
- Rotor 3 122D\ T, [BIHAFAEEE 6rad/s T kL7 (X 0.68Nm & 729 Rotor 1, 2
IZHAR, Z OO RS ST bV s BIRWEEE R LT,
« 7 L— FiE 35mm 137 L — FlE 290mm (2, b2 MRV Z & 3ER
H 57z, Rotor 1 & Rotor 2 1, IFIERLC LI IZ b7 OB ELL TWD
fHmRAH i, RERTIET L— FREAEICB T 2EWNIA LR T,
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2.5
A Rotor 1
20 L A Rotor 2
28
e A OA Rotor 3
51.5 . A ~
o AN
o
|’§1 0L A% YN
% -
05 L
AAA
X DY
0.0 | | | | | L |

3 o 5 6 7 8 9 10 11

Rotational angular velocity (rad/s)

Fig. 2.18 Relationship between rotational angular velocity and torque.

H D RED X LR

BEREM L, H) by & HL[a]#E A e B A JRGER M OVl Bz i i A C A v ot
fb L7z A (1), U —12% G 4) KO v 7425 or (5) &2
7=,

hotgs Cr = S —
S ( )pAer

N |-

T: h/L 2 [Nm] PV TZE 5 [kg/m?] A 52 B AE ]
JR3H# [m/s] r AR m]
MV 7423 Cr (torque coefficient) 1%, JEWZ L D FAET HEERI OS5 L, JEH
DENTZT Fvr & LTHIATE 202K THEREHRIE TH 2,

Fig. 2.19 1%, Rotor 1 & TX Rotor 2 DJEEEL A T3 T 5 ML 7 R E D EA L Z IR

L, LTOZ &R bnd
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< JEEEL 0.4 S RE S RV 74855 0.15-0.2 DfEE R LT,
- L 0.6 fHUTS MV RO R/IMEZ R LT, BEENMELS D L vy
RETE L 2D, EOZRLOMHEP DAL L TV 5D,

» Rotor 1 2 TX Rotor 2 DR EAEIZ LD MV 7425 KA HRED K & 7238 X

NI T,
0.30
A Rotor 1
0.25
A Rotor 2
. VAIWA
2020} il
k5 AZXYA
O
50.15 D A
8 TR
o X
20.10 AL
0.05 A
I‘\ /\»
0.00 | | | | %_
0.6

0.1 0.2 0.3 0.4 0.5
Tip speed ratio A

0.7

Fig. 2.19 Relationship between tip speed ratio A and torque coefficient C,

Fig. 2.20 1%, Rotor 1 T2 OEM L A 23T 5 /80 — D2 b %R LT,
- JEREE Y 0.3-0.4 O TR —fREBDS IR KEZ R L, HKXEAY 0.06-0.08 D
FHEICH -T2,

- JEBEEE 0.6 TS BV REDORIMEAZ TR L, FBIEMELS 25 2 L2k D
R R DB O B L L T D,

- Rotor 1 }2 ¥ Rotor 2 DFRE A FEIZ L 530 — 1202 L B PERED K & 205E W T
B ORI T,
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o

A Rotor 1
0.08 | Rotor 2
Sy A fﬁé%
> A A
[
n A
3006 A%M% e
< e Sl
(@] A
©0.04 &@
2 A
n? A
0.02 1} o
%
\
OOO | | | | | |

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Tip speed ratio A

Fig. 2.20 Relationship between tip speed ratio A and torque coefficient C,

2.3 BRICKSEER (1)

Tlefat « BBROEREZSEIC, 7 L— FIROEWIC X D22 HMERE L E &M
ZRE L7, & 502, HIRON— 2R v 7 & R AR~ B L, R 5.7m O
BB EGE, L7 RO, BAKEOFGZT 5 L & bIZ, modt i
TE(EL A & Phig U, SERESEER T 5 JR 2 5 0E L7,

2.3.1 {#tiHRE
AREER O MG R IEMEICRE LT, PHERTH L/ T v 71285
Fhr (2.222) LRETH D, THFEROEREEZSZ (7 L— FiE% 250mm &

290mm & 3EE L7z (Fig. 2.21),
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Rotor A Rotor

Installation Installation angle:55
Blade Blade
55° 55°

Fig. 2.21 Blade width and installation angle

2.3.2 fERARR
JERE, =2\ TEWRRAUIIEFT O, KEPLHEROEFME 1 (6F 10mxm S
3m) ZfEH L7c (Fig. 2.22), &ftid—HRit & LRI L (0°0) & L7,

Wind‘s path 1
Maximum wind speed:28m/s
10m(W)*3m(H)*6m(L)
3m(W)*10m(H)*6m(L)
[ D \*L >
Wind‘s path 3 ﬁ N
Maximum wind speed:28m/s G Kl
10m(W)*3m(H)*19m(L)

Wind‘s path 2
Maximum wind speed:20m/s
6m(W)*5m(H)*30m(L)

Fig. 2.22 Overview of a large general-purpose wind tunnel

2.3.3 RBEERURRAIE
Fig. 2.23 13, Z2)PERERFANSEIRGHAIG SR - BOHKEORKEX LT HOT
HY, HEHNCHAT 5,
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B 7';"":;:‘—.’:,':’
Fig. 2.23 Overall performance evaluation experiment measurement equipment
and apparatus.

O HEARET 2.2.2 & REEOJEH,

@ bt - BEEEEGHAES (UNIPLSE tH#[ElER /L7 2 —% UTMIL —10Nm)
(Fig. 2.24),

® I RAERARR (YT A=T T ) — ST T L —% POB-

5) (Fig. 2.25),

@ PR FZRS,
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Fig. 2.24 Torque meter. Fig. 2.25 Powder brake.

Fig. 2.26 1%, B/KERFHHMEER - EEEEOREKERLIZbOTHY, fE5
ZRT %,

Fig. 2.26 Overall view of the pumping experiment measurement equipment and
apparatus.

©, @ MERERFHALEER & [FER,
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@ PAKHRLT (777 AT L4 HRP—25Z), BRI, 1 A
DM 200 cc DF[E LARAR— R 7 (Fig. 2.27),

@  WAMIKEEHAR— A,

® HBKAOKEAND T TAF 78—,

©® R UADKE AR — A, &S 5.7m AL EIHH O 2R IE,

Fig. 2.27 The vane pump.

JEHEFHET OKANO #H# LK-7S  #%
Y h—% (Fig.2.28), 7 — & W GkAE &
IZOWTIE, BRERERT — 2l
—DL850 & A L 7=,

22 IVERERHMM R BR D 7 IEIL, b
NAEMARRO T L—XBiEFNE

AU 0.14A, 0.28A, 0.42A, ([TEXEL, &

HIFPERE AR IS U Tl E R E LTz, Fig. 2.28 Standard pitot tube.
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BIKERRIL, N—U R T T DKEKE R, A—AD MR (X H
LA) &35 TmIceEL, 25fE% 5.7m & L (Fig.2.29), B Z TR~
Em s, R ENEER L, SRS T E 2R A T ORI & 22 itk
RERFA 24T o 72

Fig. 2.29 Pumping experiment.

2.3.4 EEBREHER
T—gud—2E, s (1), EfEE (Rs) RO T— (P) #INEK LT
(Fig. 2.30), #&JEIH 30 BT OUEKL, TNLTNOFHZEREL Lz, F

7o, BRI =4 —CEEL LT,
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Fig. 2.30 Waveform and numerical values of the data logger.

22 S 14 REET D

28 NMEREREAN L, 2.2.1.2, 2224 THITF=K (1), 2), 5) ZHW\-,

Fig. 2.31 1%, 7 L —%%Ei 0.28A D Rotor A 2 OY Rotor B M &3 A (Z%f
T MIREOEICE R LTz, ZINHBUTDOZERDND,
- JEIEEE 0.6 (1 A AR OROIMEZ R L, ABREMET S5 L bR
BTy 2,
« JAHEE 0.4 135 T Rotor A @~V 7 £2%40% 0.17, Rotor B @ ~ /L 27 £2%513 0.15
Z7~ L, Rotor A DA bV 7 BRETm < 7220, TN E R EEBIZ 6 L T [AlRR
OERN B D,
-+ 7 L — Kifig 250mm @ Rotor A |L, 7 L — K1iF 25mm @ Rotor B |2k, PERE

z))l_JI/\ Ckz))mu&) %ﬂf«_o
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Fig. 2.31 Relationship between the speed ratio A and the torque coefficient C7.

Fig.2.32 1%, 7 L —F% i 0.28A EFD Rotor A K OF Rotor B @ JE#H L A 12 %4
DR —RBOEE R LT, ZIMBLUTDOZ ERDND,
- JEH b 0.35 HE TR U — R EIIRKIEE R LT,
- Rotor A D /3T —{£%473 0.07, Rotor B D/3U —{%%k73 0.06 & Rotor A D J5 73
BT —RE AR L, RWEIRESEEIC R LT B [ABEDEM AR b b,
« 7 L — FiiE 250mm @ Rotor A 1%, 7 L — KIiF 25mm @ Rotor B (2, HERE

DEWZ ENBO b,
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A Rotor A
AN
A A Rotor B
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Fig. 2.32 Relationship between the tip speed ratio A and the power coefficient Cp.

BIKEFDRE SBIE - FF{E

Fig. 2.33 1%, PEREAYEIV Rotor A OEERJREAMEH L, HkREoRE, kv
7 R OB DBfREZ R LT, T2 BUTDI EBbn5,

- EHENEER L, BKBEAA & FIREIC T — 2 IR BAA K7z T2, HFEK 5.7m
DEKBEEGEN 8m/s THDH Z ERbo D,

- WHLZR NV 713 4.5Nm, [FHEEUT 14rpm & 7R 7z,

- JRGE A HE AN S, BOE 9m/s T MV 7 13 —0E & A o 72D, BlEsEIE B AR,
JEEE 10m/s Tl 60rpm & 72> 7=,

AR T OMEFHLUEN 1R T 200cc THDH I ENnD, JAE 8m/s D 1 57D
Bk &1L 2.8, B 10m/s TiX 120 L7220, EEHOBME & HICHKELHEK

L7,
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Fig. 2.33 Relationship between wind speed, torque, and rotation speed.

2.3.5 EBE
D MRSy TI2KHERERRERDLE
Fig.2.34 1%, 7 L — NiE 290mm, % & FEI3SMEIT 55° D iR # Rotor 1 &
O Rotor B DJAELL AT 53U — 15 $ D&k Z 7~ L 7=, Rotor 1 X T Rotor B
DT —fREE, JEIEE 0.35 118 TR KfEA 78 L, Rotor 1 5 2300 @ W HUE
Zon LT, FEBELE, Kk, BINES 72, FITIZR D LITR6 W, £z,
Rotor 1 1%, JE# L 0.33 T/3U —{%% 0.06-0.07 DI E R L, — & L T,
JEREE 0.2-0.62 THFEEROFERN A BT, B DJRRIZOWNT, [EGRN
W2 X DR OEACRLEATHOIRE /2 E DR, 512, BEEHZREOUT < |
RE L2 LIS K BEHMEAS B L T D ATREME N H v, SEATIRE I 0 28R
THRABOFEREBBED LD P, —J7, JBIRTOEBRIL, HEMAIHEEE 722 R
DZELIZEREZGLZ ENHRD, Lo T, NEKNT v 71235 FER
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%, AFMEROMEA OB THERE L TUIFNTH L3, ER&WRFHNIC
Bl CTlEZe v, £72, BANTITI LREDOEEIC L EBRENZE LIC Wz
B, BIRO X S ICKREERRNENTIT) ZENEE LW,

0.10

A Rotor 1 (Small truck)
Rotor A (Wind tunnel)
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Fig. 2.34 Relationship between the circumferential speed ratio A and the power
coefficient Cp.

2) EEEHPARERE & OMRRILE & FER

n—7—3 a7 ua—REDOMHRE LIS D72, Al B DA FHE L
OHENCBIT DIFTEHE ¥ 25510, ARG E R & OPERE R 21T
-7,

JET SEBR 235 T 2 DS 0.42A (7.3Nm) @ Rotor A DJEHEL A 1IZxF3 %
N —RRE T IV 7 RE D B KAV A R EE 0.35 The RE 0.07 J OVEIEEE 0.2
T028 Z/RL, bVZERE 0 Of/MEITEEE 0.6 £t &5 2 & D3RS
iz (Figs.2.31, 2.32), Z OXUEA o> HL /)T Bl R &t 5 72D DR
FKE LT 5,
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FNS DOBFFEHE S O R = 2AREE, 71 X7 a—REED T —{ZK
DM KA 2 7R U T= B o0 JE 3 b} OYESEEE 0.2 1B D MV 7RO E F vy
RIS 0 1B 1T 5 A A DO PBf%R A Table 2.4 \ZRx L7,

Table 2.4 Performance evaluation values of various vertical axis wind turbines and
oration flow wind turbines in other studies

Name of wind turbine Power factor C,() Torque coefficient Cr(1) | T::qpuipsggf;ia:ii:nt -
Rotation flow 0.07 (0.35) 0.28 (0.2) 06
Savonius 0.19 (0.8) ca. 0.35 (0.2) 15
Cross flow 0.12 (0.36) ca.04 (0.2) 0.75

PAR=T AL D TIE, U —R%¥ 0.19 (A#HL 0.8), FL274%%50.28 (4
W 0.2) ERWEIEZ R LT=ORY A= AL 7poT, MVIIREMN 012725
TREDEHE IOV T, B—TFT —Y g7 8a—"T 0.6 ifF, Y R= AT 15
Ll ole, ZOZEND, n—T—Yar7a—(FHR=UX LKt~ &
HPEREIIAR Y, RO K 5 B o@R il = 67, KEEEE
HEFFCE DHEENRH D,

Ju A7 w—EOHETIZNY —4%550.12 (At 0.36), L2 £2%00.4 (4
W 0.2) EEWKEEZ R LI=ONR I rRxTa—blirolz, MUV IR R/IME
R LTEREDJEHIC OV T, v —F7—3 3> 78a—"7T 0.6 #IfF, 7 ar>7

n—"T 0.75 EfFHELirolc, ZOZENL, R—TFT—vary7u—{Fr/uA7
72— &, BEEMERR IRV, JEUR O L0 JRE [R5 72 HE 01
o, REHSAZHER T 2/ MHE1H D,

INHDOHEBICEY, ERICHERA LIz —F— g v 7o —EEOMREILY
Ry AAHE, 7rRA7a—@E LD 00N, USRI O Bl o
HOIM3E Z VI WEA2Y S D, @ EERIC K D ESFEE O fTRetE s —FK <,

LEBQAEL VR D,
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RFEPEER T, /PNUREO F ORI EEE CHELEZ 5 SR T WG L
TWb, ZOZ D, FEERICHWARE I —TFT —va r7e—EHEHL
L7,

2.4 RERICKAEER (O)
23 JEGAIC XA %R (1) C, EiEERICHWAREA o —7—v a7 a—
JEVHE EGRIR L7, EIRORENES IR D Lo BEAsBREL L, BEIRFERIZ X

% JE\HE D 22 REE 21T o 7=, S BHIT, 221 BIRIC X 5 FEE (1) THEHL
T-_R— R T RERE L, B 1.2m O /KEFDZE e 21T > 72,
2.4.1 {#HiHRE

ARFEEBRTHEH LCRHEX, BJRT A 7 v a rORE S IZHEDLYE, B Im,

S 0.75m & L7z (Figs. 2.35, 2.36),

| Im |

0.75m

Fig. 2.35 Side view of a wind Fig. 2.36 Top view of the wind
turbine. turbine.

PAZERIT 104% L7250, T A MEZ va UNERIZE SN TNz,
ZOAERIIZEBHETHD, T L— FEHEME I EIERSCRENE S I
A X oBEALE HANZ, 221 OFJAIC L5 ERR (1) TEREORKE LT
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MLy =70 I VMAE (4mm) 226, SUS304 #3177 (®13-t1.5mm)
T @ AFAA LI b D& Lz, ZORER, £ 8kg (43%) OBELNTE 7, F
72, 7V — ROFEMIT, TNETOEE21g, 4mmEDHENT T AF v 7 KR—
Rinb, N LRZER 1.0g ORIV AT VR LBIH (7 EHERL R
THS, 0.57mm J&) ~LZEHEL, 7L — K 1 (I 0.25m, £ X 0.75m) (Z%FL,
1.1g (52%) gt L 7polz, 12, 7L — FOFEMELEH L= & T, FlbE
238 0 ELD RN NI, JECTREL L 723556 T b E BHIC R 28 & /MR
DD ENTE D,

2.4.2 (FERAER
JEGRIE, ST RFE NTUN RIS ) 22098 o0 RIS 5 g B (HiEER K S
REY R = L— g VEEE) A L7z (Fig 2.37), HARIZ DUV T Table 2.5 1Z7R

L7z,
Specifications
*Max wind speeds  : U=30m/s (60m/s at 2nd test section)
Turning vanes *Turbulence intensity : 0y /U < 0.5%

Turning vanes
“Traverser : X-axis, 0-15m : Y-axis, 0-3.2m : Z-axis, 0-1.5m

Contraction cone,
Contraction ratio 4
Test section

Dimensions:
3.6m(W) X 2m(H) X 15m(L)

cccccccccccc

Fig. 2.37 Overview of the large boundary layer wind
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Table 2.5 Specifications for large boundary layer wind tunnels

Item Specifications

Format Single circuit circulating current type

Wind velocity range of the first measurement section 15.0[mIL x 3.6[m]W x 2.0{m]H

0 to 30[m/s]
Wind speed range of g.&[rgl)L[:‘/liS[m]W x 2.0[m]H (installed in the first measurement section)
Traverse device Movable within the range of 15.0[m] in x-direction, 3.0[m] in y-direction and 1.2[m] in z-direction by computer control

2.4.3 EREBERUVERAE
Fig. 2.38 X ' Fig. 2.39 1%, T L — % 72 28 ) PERERTAM 5258 51 2S -
ERE O R O 7 % A T2 22 T MR RERF A S B a s ae - 5B %
HLIZbOTHY, HAINIFHHT S,

Fig. 2.39 Overall pumping
performance evaluation
experimental measurement
equipment and devices.

Fig. 2.38 Overall performance evaluation
experiment measurement equipment and apparatus.

O HREFETHD, 2411RLTE,
@ bk - ElEEEGEHR#S (UNIPLSE 418 [Elfiz h L7 A —% UTMII — 10Nm)
® bt REHEARA (OGURACLUTCH ft#l< A4 7 o @ 7 L —F%

MODELAMBS0 %)
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@ LKHRT (T2 7 VAT 2t18 HRP—25Z  MHIER, WikOmHEN
1 [F#5C 200 cc DF M LAAR—2 R )

® AA LTSV TRM T KA PRI ARLETHY, R
7, @DOWGAF R —AZKTHTTHLERS Y, —EHKLIZKERS TN
IZHER L TR <72 ,)

® WABRKEHAA—A (14m FIZRVIALZORH O, AL 2T 07Kk
P a R IE, )

@ UK HA—2 (1.4m Fi2rHA,)

BT L — % & 7222 )
ST O SR 7 1A, BUR O H )R
Wz Tm/s \IZRRGE L, R r AN
DEM T L — FAMITEE A
PED XD ICEEHE Lz, K
R T T2 22 ) e AN 0> 52
BRI, KA AdTz KRG 2 JRR R
TFICE L, &—RWAR D ZKh
BN, BIRT A REZ v a v
DR— R T DOWGAR L

fii, AR 7HEH L OIS A — A &

fEL, oML EZ R OI? Fig. 2.40 Pumping experiment.

AKFEE EICEL L, KEMEIS®ED LI L, IFKEOKEN DR 7 OMH
LAOETOmSN 1.43m ThH D72, Stz 1.4m & L7z (Fig. 2.40), JELGE %
RAZEINEE, 5.5m/s fT THRDHER TEIZZ &0 5, 6-10m/s (22 TR
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Hl - S A T o 72, SFET — X 3w A — (GRAPHTECH GL900) (T 1.0x10-3s %
FC 30s FEHHI L, BERINICIENE Lo RECE IR & L7z, 7Zeds, B
IZEVRANIE 2 AT O 2R L, ZofRE iz A L,

2.4.4 EERHER

1) 22 HhtEReETAE

ZESIMEREREMIE, 2.2.1.2, 2224 ThiFizER, X (1), ), @), &) =%
=,

Fig. 2.41 1%, BT L —FIT X DEHEA ff f O — 2 7R 7 COEKIE D J]

T2 N — 2D b &2 ow L=, B 0.3 TXU —1%% 0.04 ik K

Lol
0.05
0.04 |- A B
En. A A A
o
E 0.03 | A
A
8 A
s 0.02 - A A
3
o A A Electromagnetic brake
0.01 |-
A Pump
| | | |
0 0.1 0.2 0.3 04 0.5

Tip speed ratio A
Fig. 2.41 Relationship between the tip speed ratio A and the power coefficient Cp.
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Fig. 2. 42 1%, BT L —FIZ X B EHRA MK L IN— R o 7 TOHKEED
R kT2 V7 R OE AR LT, JEEE 0.12 T MV 27 4%5500.24 (J&
W om/s) Lrotz, IBIT, EERHEA @RI 2 IR OIS cER S &
UTDEXHICRD,

Cr=-0.72512-0.189x 1 + 0.262 (FHES(Z% R% 0.98)  (6)
0.30

A Electromagnetic brake
A Pump
ST0.20 1
c
)
2
E
o)
3
S 0.10|
g
2
| | | |
0 0.1 0.2 0.3 0.4 0.5

Tip Speed ratio A
Fig. 2.42 Relationship between the tip speed ratio A and the torque coefficient (7.
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2.4.5 EE
JEIRFER T, e Li-u—T v a7 a—RA#ED%E ) IERE DR

T& 7, 22T, 23 0RWAIC L 558 (1) THEM L7 L — Fif 250mm @
HEEAE . Rotor A &, Rotor A &b L 72 LAl # A Rotor 1 & L TZEJ1MH )
MEBE A T B,

Fig. 2.43 1%, fiJf H# Rotor A & Rotor 1 D JEEL A 1% 5 /30 —2%% CpD
BAb %R Uiz, XU — DO KAEIL, Rotor A TIIEHEL 0.36 T/XU—1% »
0.07 /R L TCWAHDIZKF L, Rotor 1 TIFE#ML 0.30 T/8U—1%%0.04 Z/R L

7. Rotor A |2t~ Rotor 1 O /XU —H EREIFE L Zp o 7=,

0.08

0.07 {1
« 0.06 |
0.05 L
0.04 L
0.03 |
0.02 |
0.01 L

Rotor A

A Rotor 1

Power coefficient C

0 0.1 0.2 0.3 0.4 0.5 0.6
Tip speed ratio A

Fig. 2.43 Relationship between the circumferential tip speed ratio A and the
power coefficient C).

Fig. 2.44 1%, {3 H Rotor A & Rotor 1 @, JEEIZKkIF 2 ML 7 RE D%
bR Uiz, V7 RO BB IE, Rotor A TIEJE ML 0.21 T M2 {23 0.27
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R L TWADIZ%E L, Rotor 1 TIXJE#HE 0.12 T2 4258 0.24 % 7~ L 7=, Rotor

A (2B~ Rotor 1 O H JJMEREI 0.03 1K< 22 o 7,
0.30

B Rotor A

025 = m Rotor 1

0.20 L

0.15 L

0.10 L

Torque coefficient ;.

0.05 |

0 0.1 0.2 0.3 0.4 0.5 0.6
Tip speed ratio A

Fig. 2.44 Relationship between circumferential speed ratio A and torque
coefficient (7.

ZDZ LMD, Rotor A X LT Rotor 1 O IMERRIZIRNZ &b o7z,
JRHEABRE(LT 5720, 7L — FERHO PREDERZ T VI =7 L8O
HENDAT VLV ABRIOFHAICEL L2 EI2L Y, BlAORZ RN %
J, BEOCTLV— REHFT R LB 5, L, BEIZA DR
M7 L— REEHMOT VI =7 AT FHR&E OIERIC X0 REEHNIC— R
(SR EDZ &0F, BENEICEET SME LG ROT G OREIS LV REIZA
RPN BEOIFIR & 72D Z N EIND, TDID, AT L A/-DE
FACEE L Z IRy, EAARENICEES Z &< HTH S ZTREA~
OAHITBT 5,

Fig.2.44 7>5, Rotor A & UF Rotor 1 @ kL7 £ D&/ IME % 7~ U 7= J8#H i,
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0.53 1045 TH Y, FAIRE 25 0 (272 5RO EEHEA /NS VD1 Rotor
1EE26ND, DI LMD, Rotorl E, Rotor A (2, EEHOEENIZ L 5
[AIEREL O W Z2H T Z 63, KERAHERF T2 2 RO LT,
EREEBRGITIL, HRRBIGFEHORBNOMEEZRF L T\ 5, ERED
IEEHLE & 72572, MEOMEIZ L H2RERCFRICHET ILERD D, F
7o, BEIE, MBEOR I3 Sm D72, ER T HITITEW I REE LU,
ZOZEND, BRI A MRS 2 2 & T, BEOAHEHIE 2 8 L,

X B Gl L°97 V) Rotor 1 2 FEFFEERICHWD Z &l L,

2.5 JL—Fotst

2.4 BURIC X 538k (1) C, FFEERICHWOIREE L —FT — 9 71—
JRE LR LT, BEOZEMNZ&ED D720, dmm JEOBWT T ZAF v 7R
— FBFb AR T nG04m (77 ElHEAER THS, 0.57mm &) ~LZER L
2o XD, RAEOMBEREZIIET 5720, 7L —RKORHE Ry bR & 8
DI L, ZBJRSCHREREIZ A S 5 2 & C, MEARE LK 9 ic L,
Figied Lz Ry bR & onidhin, 70— R2BEEL, RENEEL LR 25
1 b7 U NRGEERRE LT,

2.5.1 EBEERUERAE
7' L — R, it 85cm, B 25cm O 2 L5546 (GF [EMKESL THS, 0.57mm J5)

Z, RUZumi b 3.5em 70, BWic/e b K9 LRARTHRYY, B 13cm B X

40cm O ¥ 7 hEEELEHIC LT, b AmIZIE, A7 AROIABELE
1.5cm @ K AR & > (C.S Osborne ) ZH 0 {17572, N&HIFHILETEHE
£20.5cm O ERITF, Ry hARZ 201772 (Fig.245), Ry hARZ %
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M5 EEE25cm 0N TE, %7 haxEEAL5IC Lz, limxs ¥~
MZi@ L, € 75cm, #525cm OFIR E o7,

FBITIEL, &S 20em D=y Y — FMUDRBICT Yy 7 MA@ LIZT L —
RERFIZES L) ICKE L, TOREEZEROTZOE SOV v 7 M A T
EREL, FVRLFTHEELE, TL— F~BEICHESND LY, TL—
RO FLERA~E 30cm, #820cm, JES lem ODAX A0 74— L% E, 14
I 1kg OBBLOEL T, Ky FRZ VAN OMEOE S 2852 L1z

(Fig. 2.46) ,

o (©) onl

Fig. 2.45 Outer appearance of Tip part of blade with hook buttons , and fixing
state.

Fig. 2.46 A state of the experiment to put a weight on the blade.
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2.5.2 EERERELER

€ 75cm, M 25cm DA LBIAFD T L — RIZ 1 IS 1kg DFEZ Tt 745 5,
Ry RaRZ U T b— RO L 728 S 1% 22kg & 72 o 72,

ZIZT, Ry hRZUDBANTEOESEZ T L —FDE Tp L L, Fv bR
ZUBHNDRRE RN T D, 7 L— RIZ D EICKHS 2 KT OBf% % Fig.
247 1K LT,

X 6), (1, 8), (9, (10) =AWV, ES Ty 22kg IZ7 5 HH v &2 KD
7oo EBREFOFHUNG, 7 L— ROH 27 §1£0.05m & Lz, JE#H viZ 1 22548

0.1 | ANLEET DL 269 L7420, WUWEBILAL, JEHE viX27m/s & 725

-
—o

|

Fig. 2.47 Shear strength relationship.

1 ) p
= E><p><1/ (6) Py = PXB (D Vo = ?0 (8)
1
VoXL = HyXS (9) To = (V& + H)Z (0)
P BE[kg/m’] p i 2R P [kg/m’] V: B [m/s]
V,: $RIEICT) [kg] Py opfifiE [kg/m]  B: 7 L— ROWE [m]

L: 7L —FROEZ [m] H,: KT kgl S: 7L —RO¥T [m]
T,: i/ [kg]
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HARRBL T T, ZEFEMIIC 27m/s DIEAIKE, BEAME I LRI B T L—
RAND Z EIXEBZNTZ, ZOZ EnD, [HlizL TV EEOE®R & HR
BOKGHEED S Ky MR Z VIS R 2 it 5, [EERO 7 L— Ric
MBI VEMT 5B % Fig 248 (TR LT, B, 7 L— F~OBE LA

L%,

Wind

Relative speed
° > < H
Wind speed Surface speed

Fig. 2.48 Relative speed between the Surface speed of the wind turbine and the
wind speed.

2. 4 RAFEER (1) C, FEIEEBRIZHW S Rotor 1 D/3T — %%k Cp DI KME
1%, JEE 030 TRU—R30.04 7R L, HKOFEESARE o &725 2 LN
RBOONTZ, ZOZEnb, A (1) ZHWT, BEREEARE o 25 REEKE,
X (12) 20JEE vE, BUE v+ JEE V=tExdE 27m/s 172 2 R v 2Rk
RS, 20Tm/s Lol 2O Enh, = OO LT Ry MR Z 03B L,
JAEL3BI 572 < 225y b7 U MEEIL 21m/s & RSN,

2N 60w N
= b — " (12 Y = gxDX (13)
® 7760 Rs = V= XX T 500%60

N: [ElHEEL [rpm]  Rs: [Fl4EE rpm]  V: JA#E [m/s] D: JAEOERE [mm]
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FEIE BKRUVER VAT LDOKG & EIIEER

5% 2 BT, KERRREICHT 28K K OEKHORED T L— RIZOWTHR
FU-REE, I8 250mm, FREALL 55° D —F—3 g 7 a—[@# (Rotor 1) 7%,
MVIPEREDREWZ LA LN E eolz, SHIT, BMICTLAGHIZERMTHZ &
T, BETZEMNEmS, AT FTUABRGIIRD L OICKRG LIcREE, FE5iE
BRI C B 2 R B O HMB RN B OURPRICRRE L, HARSM T COEGE, (Al
¥, bV F—x LRI K HZE e, AT AEEHEEZ L, B UR

R T ORE, MRERHMEZHAE L 7-D T, #EHEm

3.1 JBKI R T LDERET
3. 1.1 KR T DHEEEET

BiKAR T OMERREZFHET 5720, ENERTH 7 OREEHE ML s OB
RAEWE LTz, AL, H2EO 23 BWRMICL 538 (1), 2.4 JFIFRIC X 5%

B (II) CTHEHALETHROR—2R 72 v,

3.1.1.1 EREERURERAE

FRRAEE X, T4, X—UR U, MLV A—=F, BRI RO — A0 b
S AV, BARTR S HUBRIE AT ZE AT N OO BE B Dl 0 5 THEEE L 72, RP/KAE DK 70>
BN T ETCOERRIL, FAEEREZAE T DI DMK D & FEEED & S 3
1.4m, FERE RIZE S AKFEO R 23569 0.8m, S HIZ, I ORETKED 0.2m 28
b5 %2EEL 24m & Lz (Fig 3.1), T—4 (A AR —FpskEm
TFO-750W) D [El#RHHIZ /L2 A—% (UNIPULSE # UTMV-10Nm), ~X— 7R
> 7 (AQUASYSTEM # HRP-251) A #zke L, /K& ANV HAT/KE Z EBED T )

WZE W2, BOABRAIDO A — AL, N 15Smm & L, BPKEOKP LR T O
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IAF D ZEfE LT, R LI — AL, KOFEE 0 IZ KA REE( LD BEEE
B UWGAZ O X0 NS Smm KWAR— A2 L, N—rRr 7ot Lo Lk
FOKEDOK Sem BITEE L7z, R—RADWIAL A &R FRIAR DI ZFNE
NAA TRV T R EAFT T2, 708, 2 KOKR—ZADORMRIE, #03m T
HoT,

T — X OEEEE IR %I BT, BRI HERE S 472 9rpm, 33rpm & OY 67rpm FF
I, 4% % 1.0x107%s [HF& T 30 B> kv 27 JIEfE % = 77— (GRAPHTECH GL900)
([ZRCER L7, HIE STz b2, 30 BRIOFHEL R, [Hlisd & OBtk %
K72,

H; Moni tor

Torque

Coupl |n

Vane pump

Lift height
2.4m

Water storage box

Water spout

foonnnininl| Glack valve

cornniem|| Water suction port

Fig. 3.1 Image of pump characteristic experiment.

B, HBHEREEICRB W TR OKIE) O FREE TOR S ZiH~72/ER, 1.2m

55



EN—URTOREFEBRTHEELIZE S LY 0.2m Ko7 2 L b, FEREHE
BRICHIT28HIE22m &7, b2, HROEKTIZE - T 2.2m/2.4m %1
YT HEBEZONDLTD, R TREFERNOHEONT MLy OfEIC 2.2/2.4
R UIMEE HWT, [BEEEE vy OBRN G AR 7 REEERR 2 fERK L 72,

3.1.1.2 EEH#HER

Fig. 3.2 1%, % 2.4m OFIKIFIZEIT 5 _X— R Fhlisgg & hv o o Bk
s LTz,

MV 2L, BAKREOR > 7 OEEREDY 9rpm, 33rpm, 67rpm (ZHBWT, &KX
2.1Nm, 2.9Nm, 4.2Nm %/ L7z, S/KREOR S 7T OEEEE My s ORI,
IEDMBADFED BT, ARG R D, HFE 2.4m (2381T 578 o 7 ORPET R (1)
DEBYERINT,

T =0.0357Rs + 1.76  (FABEIFREL R: 0.99) (1)

o Torque T =0.0357Rs + 1.76

Nm]

Torque [T,
N
|

0 10 20 30 40 50 60 70
Rotation speed [Rs, rpm]

Fig. 3.2 Relationship between the pump rotation speed and torque.

KAFEBRITOEFEN 22m L7225 2 E0s, (1) ORUC 2224 #F U7, K
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X Q) CEIFRRICBITAR TOMREREAZE LT,
T= ( 0.0357Rs +1.76 ) x (2.22.4) (2)

Rs : [Fl#5#[rpm], T : kL7 [Nm]

3.1.2 ZHKI R T LDERET

2 E 2.4 EIRIC L2 ER (1), RO, 3.1.1 OEBRREREZ IS, BkEMIc
DOWTIE, HBFE 22m, EXA v M VEBIZOWTIE, FEIEFEBIAISOER]E
BiJRok A Sm/s EAHE L, JRGEIxT D RS O bV OBRERTHAK S A

T Lk TA VG LT,

3.1.2.1 ik
D EPEBZTZRAWNV-EKRATLEFSA O DOET
B2 D 224 OFRR O, BERM 3) ZMWT, A 0.01-0.45 D
HPHO bV 7 AREL DY 5-10m/s OFPH O B A2 (LA G b E -4 Pk 5 E
R REE, [AEH, RA2iconT, Kk @) - (6) MHFML, i, [Ff:
KO S v o BRI A SR D T,
Cr = —0.72522 — 0.189A + 0.262  (3)

AV
w=— @
T
60
Rs=—ig<9
21T

T==CT%pAv2r (6)
Cr: M7 1%%%, A JGEE, o @ [BESMAEE rad/s], v @ EGE#Hm/s]
r: BEEEE[m], Rs: B (rpm], w: MJE%E, T: k27 [Nm]
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p : ZEKE E [kg/m3], A : 5B EAE[m?]
=R RS (A) 1%, 2 7 2.4 BRI X 59 (1) (2 L7ZEEO 0.75 m (&
X 0.75m, MH1m) X1 (&S Im, B8 Im) (20X, 1.36 m (&S 1.36m,
i 1m) 3@ ZH\W e, £70, BHEPERL PZEXKEEIL, 0.5m & O 1.2kg/m3

L7,

3.1.2.2 #£8
Z R EAEDY, 0.75 mi, 1 ni 2 TN 1.36 mf D AHIZ DWW T kL7 £%%70.03-0.26, )&

I 0.01-0.45, JEGE 5-10m/s OGP TlRIEZABEE, [BlEH, b OFEM %

Table 3.1, Table 3.2, Table 3.3 IZZFILZF 4L LT,
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Fig. 3.3 1% (3) - (6) O oHROZJAE Sm/s FIZEIT 22 HEFE 0.75 nd,
1 M &Y 1.36 m ORABRFERFRIZ,  2) DR HRD IR TR ERRZ E
27T 7 R Uiz, BEEE AR & R 2 7R & 23580 2 0, Sk
HRdk & bV BT, ZEERE 0.75 M OEB TIIZERRO bNRdoT-Z &
D, FEERER TSR 2.2m DK 25K TE RV EHER I,

ZAUCK LT, SZEEAEAS 1 ot KON 1.36 nd o BRI R & R o R R
DAL, [FHEE 9rpm T h/L 2 1.9Nm K ONEEEEL 19rpm C 2.2Nm OfE%E 7~ L
72o LTaMoC, JAGE Sm/s 128N C 1.36 m O JRAHLX 1 mi OJEHZ L~ (AR5 D
LEIZHEY 35 2.1 152 < DK % [Al— DORFFIZI W TRA BT 5 &35 2 Hh, [F
—JEGE T IR RIS K& WEBIE Y, RSN R A0, BEKEN T L
Hahiz,

3
—2 L
S
pd
e
(V)
-]
g
L1 L
—— Wind speed 5m/s, Swept area 0.75m

Wind speed 5m/s, Swept area 1m

Wind speed 5m/s, Swept area 1.36m

Pump characteristics

| | | |
0 10 20 30 40 50

Rotational speed [rpm]

Fig. 3.3 Relationship between the rotation speed and torque.
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FREEBRH T, BKENZVER Im, & I 1.36m, A 1.36 m & H
EMANWDLZ LI LT, RELAHEOEG I hbary 7 ) — M7 v h—T7m

IR D LlC Lie, BEOE S 2m 282 2356, AIEEL 2o
TCAUTFUAPREEE 22D 7207 vy 7 OF 31 0.5m & LTz,

SRERBRICHE T DK AT D EAET 5720, ZAEE 1.36 nf O RELIZD
WTC, BUE Sm/s—10my/s FIZ3sUS 2 R R Ef AR, KON, S 2.2m ICB 1T DR
TREEERR A Fig. 3.4 1 LTc, 2 ORESE, BB & AR o 7R E AR O AL
wlE, EGE Sm/s, 6m/s, 7m/s, 8m/s, 9m/s KN 10m/s FIZHRWT, [EEEE - b
)L 7345 % 15rpm * 2Nm, 30rpm * 2.5Nm, 40rpm * 2.8Nm, 51rpm *3.2Nm * 61rpm *
3.5Nm M OF 71rpm * 3.8Nm & 72 o 72, BRI 2 Bl & [k, MY, FuE
& MVT OBMERMN S, ZEER 1.36 mi OJRE THE/K %2 ~_— 7R 7 TR 2.2m
FETHKTDHUVAT LD T A &Rz, Bl & Bz, FuE & hLv oy Ok
T4 0%, Fig. 351" LIZEBY, WG ERRBRZ RS20,
EARE RDIAER, ’X (7), 8) DBV Lotz

Rs=10.97v-37.62 (PLELREL R: 0.99) (7)
T=0.35v+0.31  (PRERIR: 0.99) (8)

X (7) IR UTIERRGEE T A 0B, JEEDS 1m/s H < 72 D IZ0E- T, [BIEEHAS
9 Urpm #EINT2 L A7 &, ZOEIG THKENENT 5 EE 2 b7,
F7o, AXUTER 4m/s 24 TIDO GG, BEREDS 6rpm & 720, ZORUET
THEKT DAREMEN S 2 b,

X (8) IR LIZERGET T A 2B, JEEDS 1m/s < 72 DIZHE- T, RAZ R

9 0.35Nm #3095 & Alp Sz,
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'I 'I — Wind speed 5m/s
Wind speed 6m/s
-I O — — Wind speed 7Tm/s

Wind speed 8m/s

Wind speed 9m/s
— Wind speed 10m/s

— Pump characteristics

Torque [Nm]

— NDWPHOoTON 0O
[

O 10 20 30 40 50 60 70 80 90 100

Rotational speed [rpm]

Fig. 3.4 Relationship between rotation speed and torque at each wind speed
and pump characteristics.

80 5
Rs=10.97v-37.62

70 L —a— Design line(rpm)
S 60 L Design line(Torque) _— 4
¢ 3
g 0 T=035v+0.31 |3 £
3 40 %
GJ -
& 30 12 2
5 3
2 20
£ 11
g 10

0 ' : ' ' | ! 0

4 5 6 7 8 9 10 11
Wind speed [v, m/s]

Fig. 3.5 The design lines of wind speed-rotation speed and wind speed-torque of the
pumping system.
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3.2 ER VAT LDERET
3.2.1 ERAR Y T REETE

FREFBRITIENL G, BRI T OMRREZ T 2720, BENERTER 7 O[F
ff e MLy ORRERIE LTz, R 7IXAMEZZEL, RO A A=
TR T ERHWE,
3.2.1.1 ZREERURERAE

FRRAEEIL, T—%, NI A—=F, XTRY TR, 777N, BEX N
Ko7 =R 7, m—R, V) =T LT RERKIRBIL AR T A7 = A |k
OIS AL, SARTR T USRS A FEFT I AE L L7 (Fig.3.6), E—% (B
R HFERL VX04-20MF) O alfisifiZ[mlisss, Hvr, REAREZFHIT D Fr s
A—2% (UNIPULSE ¢ UTMV-10Nm), [alfiziih 2 fedih 7 O Bl 22 #2577 R
v A (wFvra—fl TBRANSAL TNV TRy 7 A TB17-2-1), Ffiii
ORI ZEA = U THW LTV D HEREE 3.5 IZRE LY T > 7 itk

(Fig.3.7) /L, A b —28N Bem DT —Rr 7 (FV~H7—K
7 302-318) (Fig. 3.8) &4kt L7-, A 7HHLOKA—AZHEEL, F—A
DYl KR 4. 5m DREZ BN IR S E 5720, 7 7 v & 2 7 £ 71753 40kPa
KO 50kPa D U U — 7 2L TARER SR (IBS ¢ RAB1-40, 50) A Hu D fF
F7=, Fie, 777X, 770 VR T D FICLDIEHEMAD
7212 360g DMEIRID/NT AT =4 N 2RO fH1F7- (Fig. 3.7),

FERTIE, 7707 DR TEN0EIZRDXOFEL, £—4 1 [FERIZBIT
5D Mo BEaBIEE LT (Fig. 3.9), BE— X O Z R4 (2 BT, 14rpm, 30rpm,
45rpm, 61rpm KX 76rpm I, 454 1.0x103s IR T 30 BRID kv 7 HIEE A o
A — (GRAPHTECH GL900) (ZFCdk L7z, MIE S L7z hv 7 7 b alisth & o B4R
R,
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Torque meter | | ® gi = | Monitor

Coupling
Relief valve

e

Fig. 3.6 Image of pump characteristic experiment.

@)

Length of

connecting rod
22.75cm
Crank radius | ‘r
A
6.5cm ~
.

Balance weight (360g)

Fig. 3.8 Air Pump.

Fig. 3.7 State of balance weight.
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Length of

conneq;iné rod

¢ =y"22.75¢cm
7'y

A R o —
T Air pump
Stroks length Crank.-‘:radius 7\ o
13cm a)—Axis|of rotation 90
6.56m
I 4
N—

0° , 360°

13cm

»

Fig. 3.9 State of the crank mechanism.
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3.2.1.2 EER#HER
Fig.3.10 (X, "T > AT = A MNEL, 40kPa D A A > 7 /3L 7 B O [l#nx
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0% (Fig.3.9, O) TiX 0.4Nm, B #1500 90 £ (Fig.3.9, @) <TIi% 1.0Nm, C it
5.0 180 JF (Fig. 3.9, @) Ti 0.2Nm, D Hi/50 270 F (Fig. 3.9, @) Tl& 2.9Nm,
A MO 360 FE (Fig. 3.9, @) TIiX04Nm OBEE R LTz, RTNFNnb B
251 & END5E, B MM UALEEENENLEID F vy 8D i
S, A her—7OHfE#MiEO B, D#AIZ MV E#BOE—s A6 D, k
2D R LIATe D #imUC T M7 3R E R D, RRZ FREICT 5720121

ORI ERNTHUEND D,

3 D

—— Torque fluctuation
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N
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Fig. 3.10 Torque fluctuation of one rotation.
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Fig. 3.11 1%, SR BFCHE T DA E vy ORKREOBFREZ R LT, E50F
DEHEEELDN 14-T6rpm DOFPHIN T, 40kPa DY U — 7 )L T HfgilE, NT 2w
A MELKOE Y O MY O RKIEIEA 4 3.05Nm, 3.31Nm, 3.48Nm, 3.58Nm,
3.65Nm M (¥ 2.79Nm, 3.17Nm, 3.38Nm, 3.48Nm, 3.57Nm & 729, 50kPa U U —
TV T OEEGIRFCIE, % %3.23Nm, 3.60Nm, 3.69Nm, 3.76Nm, 3.79Nm &\
2.92Nm, 3.35Nm, 3.56Nm, 3.65Nm, 3.70Nm &7¢~7=, ®—4Hh% LiF5 2
ECHEREIL EH L, ERICKER MLV L IEOMBEE R LT, £2, EFbH b
WRTUAT oA M LT bV 7 OfEITEL 720, B &R Lms
IIREGE TR T D 2 B oY, FEERICBWTER T2 L

7=,
4
o —O
E A
Z,
S 3L
g —6— 50kPa
= 40kPa

—&— 50kPa (Weight)
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2 | | | | | |
10 20 30 40 50 60 70 80

Rotational speed [rpm]

Fig. 3.11 Relationship between rotation speed and torque.
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Fig. 3.12 1%, SEAEFEBRHIO KR 4.5m, 7] 45kPa Z KD 5728, Fig. 3.11 TR
L 72 40kPa LN 50kPa U Y — 7 )L T DART Ay oA ML, ThEh
DEHEEEIZ K D MV OEOVHEE R Uiz, AR5 15rpm, 30rpm, 45rpm,
6lrpm, 76rpm DA, V7 i KMEIX 2.9Nm, 3.3Nm, 3.5Nm, 3.6Nm, 3.6Nm
LY, ERUCHER MLV EIEOHEZ R LTV, KERNS, K 4.5m
DT 5K 7 OFHEIX 15-30rpm, 31-45rpm, 46-60 rppm, 61-76rpm (235U TIR

£ (9 (10) (A1) (12) DERBYVREINT-,

7=0.021Rs+2.60 (REHE R2: 1) (9)
7=0.013Rs+2.86 (REMHEE R2: 1) (10)
7=0.0067Rs+3.13 (JLEf%&% R2: 1) (11)

7=0.005Rs+3.23 (REHFRE R2: 1) (12)

4
45kPa (Weight) T=0.005Rs+3.23
E T=0.0067Rs+3.13
X T=0.013Rs+2.86

L3

g T=0.021Rs+2.60

5

|_

2 | | | ' ' '
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Rotational speed [Rs, rpm]

Fig. 3.12 Relationship between pump rotation and torque.
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Fig. 3.13 1%, (3) - (6) O 6RO 7-JAGH 3-10m/s FIZI 1 552 A EFE 1.5
m O EFEREEEARIZ, (9) - (12) OXNGROIZAR S TREMRE B 77
7 ZoR LT, BMERHEAREE & AR o TRHRERR & 2380 5 KU, RO MR &
RV T 23RS, B 3m/s N 4m/s TIIARZRDB RO bR oTcZ &b, £
ORI L TR CIER TE e SR ST,

JEVHAE R R AR & R TR B O A AL, BGE Sm/s, 6m/s, Tm/s, 8m/s, 9m/s
FO¥ 10m/s FIZRWT, [E#EEE + R /L2 2345 % 10rpm + 2.7Nm, 24rpm * 3.2Nm,
38rpm ¢ 3.3Nm, 5lrpm * 3.6Nm * 64rpm * 3.7Nm } O} 74rpm + 3.9Nm & 72~ 7=, 4%
KRN ET B BGE & Rlisgr, KON, B E My oBMRN D, SRR 1.5 m o
JAH TR AT —HR 7 TARELSM FTERTDHVAT LORE T A &K
Wio, BGE &AL, EUEE MV OFREFT A 1, Fig 3.4 1R LT EBY,
WIS ERRAYZRBIfR 2R 7200, MBEMR 2 RO 7R, Rl (13), (14) @
LBV Lol

Rs=12.94v - 53.57 (PRERER: 0.99) (13)

T=0.23v+1.68 (REHER:0.97) (14)

X (13) WRLTERE T A U0 bid, BUED lm/s < 2 HIHE-> T, B
) Brpm ¥INT 5 L 7Sk, ZOFEIG THKENEMT 2 B2 b,
F7o, RRUTEGE 4.3m/s 2 Y TUIOTHEE, FHEED 2rpm LR I, 20
JEGE T TH KT D RN E 2 b7,
X (8) IR LIEEREN T A v 2B, JBUED 1m/s < 72 DT> T, M7 R

9 0.23Nm #3095 & Al STz,
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Rotation speed[Rs, rpm]
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Pump characteristics

Rotational speed [rpm]

100

Fig. 3.13 Relationship between rotation speed and torque at each wind
speed and pump characteristics.
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Fig. 3.14 The design lines of wind speed-rotation speed and wind speed-torque of the

pumping system.
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3.3.1 HKIRT L

SERESEBRH O F RILERECE B INFE OB O SR~ — 7 — 3 g VR EZ
TeBiKy AT LaiRE L, 2.4 BRI £ (1) (2 & 252/ MEaEaTHl & O
3.1.22 THRHOLNTEEKS AT AT A v & BIRRILTIZBIT 285K MEREO Hikin
AEIT o,
3.3. 1.1 EARE

EHTA R —F— a7 —RAEE, BEE 1m, & (N
S 136 m ThHhDH (Fig. 3.15), ¥ 7 DR ELSRDTE o

(&Y, BENRZECHEERT LI EEBEL, &S

0.68m DOEHE % 2 REMELHER L7, 7L — K, 2.5

IR WTHERICH LT o540 (7 ElfkAErL L THS,

Blade

0.25m

9

0.57mm &) ZHEHL, Rz Ky AR T, g e =
Fig. 3.15 Side view of a

025m, &S 0.68m DL D% 16 KEEL-, AEDO 7 wind turbine.

L— A3 AT v L AT, AT E, SR, MEME,

JEVHLfT B A B8 L T R EIE 2 B350, MELE R A E A TR LT,

3.3.1.2 EREERURERAE
SERIEFE R oD Y S RE | ZRR (B U 7 /K SRR BRI RR - 250 2 850 1 F ]
3% (Fig. 3.16),
@ 3.1L.1L1IZR L7 fl i Ja E
@ b7 A—F (=LA UTMV-10Nm)
@ ~N—rAKRr7 (AQUASYSTEM # /~> R —% U —7K > 7 HRP-251)

@ S —#%uX— (CAMPBELLSCIENTFI % CR300)
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® Jkfli (7—=Af KF-1000S £ & 18lcm, M 9lcm, %S 70cm)

® REmEEEE (Young % 5103)

Fig. 3. 16 Overall view of the measurement equlpment and apparatus for the
demonstration experiment.
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I[CZE R DA HER ST T- 0, W TOMRERH & L, 57— # Bi55s 7R &
L7z, ZOMD vy, [Eifss, B OEmOT —21%, 1 BT —2u
—ICFEEk LTz, RREKRORREDT-®, JBE, FHUMS - @At R o7 —

ZIFE W,
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3.3.1.3 EEHER

1) EUREER (O) & DLEER

Fig.3.17 1%, 1 2RNCI T 2 RGO EE, [BIEAAHEE L O~V OB E %
FWT, R O — {25 a B L, BRIk 580 — (2o Ek &,
2.4.4 OJRJAFEROZE TIMEREHIFR &8 Uiz, U — (RO FR MBI, JEEE 0.27
T 0.038 Lo THY, MREHBIITVEHIMES B o525, JE@EE 0.12 T

T — R OMEIZ 0.021 1T EDEE BB, 62X BR N5,

0.05
- 0.04F
T
0
ke 0.03
(O]
8
2 0.02 +
@)
o

0.01 |- AR /\ Demonstration experiment

NAAA + Wind tunnel
/A | | | |
0 0.1 0.2 0.3 0.4 0.5

Tip peed ratio A

Fig. 3.17 Relationship between tip speed ratio (1) and power coefficient (Cp)
of the 1-minute average data measured in demonstration experiment (A\)) and
wind tunnel experiment (A).
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2) BKIVRTLEES A 2L DLLE T
Fig. 3.18 1%, 1 ZHICI1T 2 24 EUEAE & [BlEsE N O 3.1.2.2 TH L/ [HlEs

BT DE KR AT LGEZGFHT A X (7) 2aRLUTz, &KER, BEiH 7.8m/s T

37.5rpm & 720 BREFT A AW EHAMEDS B B A7z JEUE 3m/s > B [EIHEEL Srpm

OFRMEN R S0, EIE 4m/s L 0 ARV EGE CREA [EE L Tz, BUE 4m/s T

R T A v LV RN E VIR S B o 7oy, ZRLL o Bl ClEakE T A

AN E LT TR LZZFHIEN o=, £7-, FHEGE Tm/s T

(ZIFHREIZ 21rpm D ZER BB, X622 R A 6T,

Rotation speed [rpm]

A fiE

80

70| O Demonstration
—— Design line

60
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20
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O 1 2 3 4 5 6 7 8 9 10

1 minute average wind speed [m/s]

Fig. 3.18 Relationship between wind speed and rotation speed of the 1-

11

minute average data measured in demonstration experiment (O) and design

line.
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Fig. 3.19 1%, 1 2HIZI1T 2 24 EUEAE & [BlEsE R O 3.1.2.2 TR L/ [HlEs
BICKT 28K AT LG T A4 oA (8) &R Uiz, ieKMERE, BUR 7.7m/s T
3Nm & 720, §REFT A SASIWEHRNED A b, JEEE 3.7m/s TG 7 A 12
ITOWFHAEDS B4, £ L EORGETIE, &ZEE7 1 Ziing LTI TR
TWDERHIMENR R a7z, Fz, FHIEE 6m/s IRV THHAMEIZ 0.9Nm O #2#

DB, X6 2ENA LN,

4
O Demonstration
Design line
3| & o
o® ©

T 0o o 8
<, 5® ©
o 21 o &9 o
g
kS

-I [ axize :

LA,
| | | | |

o 1 2 3 4 5 o6 7 8 9 10 11

1 minute average wind speed [m/s]

Fig. 3.19 Relationship between wind speed and torque of the 1-minute average
data measured in demonstration experiment (O) and design line.
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3.3.1.4 &

FEEFEBRICTHKRY AT LOREFH T A & 1 B OFEHEE & [ O
NI DHREATIR ST 24, BEESIE, BRI AT L0%E7 40 (7) &
AWTZFHR G, B 4m/s 5> 5 T EER T 5 & oRme S 7z 03 SEREFEBRE HlfE
TILEGE 3m/s 72 6 [alls L TNz, FHAMEIRERGEE T A & 22 BIE VW MEDS L S 72723,
FRALMES R oz, hr2iE, B 3.7m/s TREFT A AZEVED R S
, TR EORGETIE, 7 L TV AHEE TIRALL TWDENR b, £z,
A U RGBS 5 L CRERE L O MV 7 OFHAHEICIE G S R R 6T,

Fig. 3.20 (¥R 3.7m/s (230 TRIEREL 9rpm 2Bl L 72 2020 4F 3 A 20
H 2 R 54 30 1 o3I 2 JE0RZEE) & RSO 2R Lz, FHED
3m/s TH-oTHEUIZEE L TEY, BEEAICIZER 7.3n/s, Z5HUIIL, Zh
[CEVEENEEL TWD Z Enbnd, £, JEE 4m/s Z iz 2 FHREIC A

VY, FEEBOEMbERTE, SRV ATADH v M CEUEHAREHA Y 4m/s

[wd.] peads uonejol Jo sARRINWNGD

ThorHELMERTET,
10 10
9 | —— Wind speed fluctuation
8 | — Rotation speed 8
e 7r
E sl 16
k3
2 °r
7] 4 | - 4
— 3 -
S \.. /\M
2| R 2
1 -
! 0
0 10 20 30 40 50 60
Time [s]

Fig. 3.20 Changes of wind speed and cumulative number of rotations measured in the
1 minute demonstration experiment from 2:54 to 2:55, March 20, 2020.
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Figs. 3.21, 3.22 [FFHRGE 6m/s (230 T 1.6N/m 2 TF 2.5N/m & 72> 7= 2020

3 020 H 2K 3057 N2 B§ 42 55D 1 ISR T 2 U E) & L7 L H),

MR OFERMEZ R LT,

12 14
= A 112
E 10 Fo “‘.k‘/. .

Z N - 2:30 Wind speed fluctuation | | .
S s 2:30 Torque fluctuation ]
g N —— 2:30 Rotation speed 1s
[ N
—_ 6 | e
@ K 16
£ N
- 4L hN
8 .\ » /9"1\ 14
o . /,—“7.\ ,,/ . g =
“ 2L o d s 2
5 i
£
; I | | | | 0
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Time [s]
Fig. 3.21 Changes of wind speed, rotation speed and torque measured in the
demonstration experiment from 2:30 to 2:31, March 20, 2020.
12 22
— —e— 2:42 Wind speed fluctuation oo 20
g 10 L 2:42 Torque fluctuation .o 118
E —— 2:42 Rotation speed J. \b
% 8 | \ — ]6
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= | 0
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Fig. 3.22 Changes of wind speed, rotation speed and torque measured in the
demonstration experiment from 2:42 to 2:43, March 20, 2020.
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HITXEANIC 2 70, 1B, 1R, 5 BHE A HANCENTZ, 20X DI,
— AR TIE RV EUEZEN T D RO INEMEITEMETH D, S HI247 05 51
INZRBWT, B 4m/s DL B JEE 4m/s BLFICEH) L T2 3 [EIEEEAS 1 1
IMLTHEY, BEE—AY FBEELTND EE XL, L7 OFHIEIZ H B
LT RIS, BEEEOFHAMEIL, 2 K 30 5712388\ Cid 13rpm, 2 FF
42 P BWTIE 22rpm &, BV ONEBMEDEA L FREIC 2 W 42 55D K
&<, RYRBHEDISEMEP MRS STz, 7 CFEHREITS LT My, [
DOFHAME DX 5> & 1% Fig. 3.17 TR LIZAEICH T 280 — R HDIE 5 - &
OB BB LND, ZOZ Enn, HKE 7 ORETIAIE TSR, &
TAFEERCHE L7efREE T A v &, FEREEROFMR TR O D 2T, BRI
% B DO FELNSLCEEE G 6t 5 BAEDISEEORE L H D H 00, HiFITEE
L, &7 A ANTEWERESS MLV AR TE, BEERG LN EEZD
ns,

2020 -3 H 20 H 14 I 30 771, AR 7ot
THLANDAKE & HITZERAD IR S
NTEY, ZORTOBBRERT 25 A LI-FF
DI 27— 2 W7 TRZI & U7z, R
R OERRIC L R 7 OEEHE (Fig. 3.23)
DEEFEL, ENRBRENECTZZEIZLSHD
T, R TREHE UK Z RS T DK, R

WORRENRIEICET 5 & ZORMAZIT L i 4 5
Fig. 3.23 Photo shows sliding part
TZERNREAL, fERE L THEHLOMNLHEAK  of the pump using in the air
pumping system pictured on
LEBIERNMM L EME LTz, 22X March 20, 2020.

0, R 7 —RlEHTZ0 OEKEDIK T2 & Z L, H/KKEOMLEE KL 7 DI
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TR0, BB OEMAE Z 5 Z & 2 ER L, Bl K EWIE EZENBEICRN
HETREINTZ, UL, Fig.3.19 TREFT A 1Zxf LT MLy O TR S
N5bDOD, Fig. 318 |\ IR LIz EITRREE 7 1 &2 ERIZFHAEIL R <, R
TICELRDOENTRBDO LN L DD, TORBIENLEEZ D,

SEER Lz _R—2 R 70E, 52 2m ECTEHRESINTODE R, #H EX0E
IKEBRIZ BV TR 5.7m, BNERICE T 2852 2.4m O Rk I8
K TR RN & THAMEDOMEGEZ L, AFFEFEBRICIB W T B L7z, Lo L2an
O, W THIZERIPEAT LREDRLONT, Ko T, S%HEMH L TWERIC
1%, BESECELSPEALRNE ST, RUTHEREZKESELRE, 2250
HEAZIET 2 TRA/MLELEZEZ B,

3.3.2 ERV AT L

RREEBR M O FH AR BIN R OB O R~ —F — 3 3 VEEZ A
TCER VAT LEREL, 3222 THLNTCERI AT LRET A L BRI
DL R IZ 3BT DR MERE D FBAR T 21T o 12,
3.3.2.1 R E

R s —7—var7e—MEE, 312 TH : :

fikiL7= L 912, B Im, & 1.5SmTHD, Vv 7

0.75m

MREL 72D Z LIl RAENRLZEIC TS Z

EERRAL, BmE 0.75m OEE % 2 FEEIE LEEE S N
Wiz, 7 U— KX 24.1 EREE GFEMEELSRE THS, o0

0.57mm J&) T 2.5 LEKEICHEZ Ry hARZ Tl 0%6m

v 8 e

—

, BE 025m, mS 0.68m ObHLDOZE 16 HKIH L7 Fig. 3.24 Side view of a wind

turbine.
(Fig. 3.24), MED 7 L — AT AT > L 2B TR
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H, FEWE, MUEME, EEAEE SE LI EAEEE 2B, MIELERE

BapkE 2 TRREF LT,

3.3.2.2 EREBERURERAE
Fig.3.25 1%, VAMEMEEIZERE L /o S EGEABRG IS - BB 2R ELRD LT

HOTH Y EBNIFHIAT D,

O FHBEBETHY 33.11IRLEEBY THD,

@ ks e ARG (=L 2B UTMV-10Nm), 7 F o 7 ¥t (if
BRI 3.5, NT AT A F360g), A RAT—RUT (FU~loy
—R 7 302-318) NIHIL THDH AT L ZABDR v 7 2, (Fig. 3.26)

@ J—%# v #— (CAMPBELLSCIENTFI # CR300), % % X >~ 7 U — (EnerSys
H4 Genesis NP24-12BFR) ML CTHL T T AF v 7 -DR v 7 A TH D,

@ R\ JEL

# (Young ¢ 5103)
B WHEICZER[/ AL EHMER—A (T AF v 7H NE 19mm, L 26.5mm)
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Fig. 3.26 Inside view of
the piston pump storage
box.

Fig.3.25 Photo shows the exterior view of facility of
demonstration experiment. D wind turbine; @),

storage box of piston pump; ), data logger box;
@), anemometer; (5), air hose.

PR MR T =R 7 OEKHE L OIRERECH D AR—R%2@D,
WETE 70> DR E TKIEK 4.5m ~2EXRZ kD, HARBEUZ L - TREAFEEL, K
T 4.5m ~ER L TV D IREORENFHIN ZAT o 72, FEREFEBRIC K 27— 7 B
12021 4210 H 27 H 158530 %7-11 H 4 H 14 R 00 0 FTE Lz, T OFRFHEN
O bV, R, R R YRR O 7 — 21X 1 BRI T — 2 v T —{ZRs L, A
H, BHAESS - EEICAN TV DRI O T — X 3B Wz,

3.3.2.3 EER#HER
Fig. 3.27 1%, 1 Z3MICI1T 2 P24 RUEE & R O 3.2.2.2 T b L7z Bl
BT 288K AT LikEt 74 o (13) Z2on Lo, KRB, JBUE 15m/s T

[FIHAEC 109rpm & GXEFT A 206 TRV U723 HIEZS W b7z, B 3m/s (236
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WTIEIEHEE 10rpm & 3R EFT A 2 % FA12 BGEIZ BV T8 BE A [EEE L Tuhz,
JEGE 4m/s-JEH 8m/s (Z22F TIE, BREFT A T LT RERNL L Tnvens, EuE
Om/s-10m/s (Z22F T FHRAL LR HIMED 2 < e DM R b, £72, B
6m/s THIHUMEIZ[FIHEEL 29rpm DZEFRNBLNL, X6 BN,

150

-l 40 B o  Demonstration (Rotation speed)

] 30 — Design line

120 -

110

100 |-
90 |-
80|
70

50 |-
40 |-
30
20 -
10

Rotational speed [rpm]

O 1 23 4506 7 8 910111213141516

1 minute average wind speed [m/s]

Fig. 3.27 Relationship between wind speed and rotation speed of the 1-
minute average data measured in demonstration experiment (O) and design

line (-) .

Fig. 3.28 1%, 1 /pMCH T 2 FHMAEE L ML 7 O RER 3.222 THDL
NIz MV DIER Y AT KGREH 7 A &R LT, MV o O RMEIEEGE 13m/s T
53Nm &kt 7 A 6 BRA LZRHAEDS B 5 iv7z, BGH 1.7m/s TiE hv
25Nm EF&EFT A & TRDJEFRIZIB VT S ERUSHE R vy OFHHIME A
BT, JEGE 1m/s-Tm/s IZMT T, &Et7 A4 ok L BiRhy, THIRAL TV 5

86



FHAMES 7=y, RO EUE TIE BRIV L TV 5

RHHIE S 2 < 72 B4R

M &ipofe, £z, JAE Tm/s TEHUMEIZ 2.2Nm OZERNBLN, X5 2XNRL

iz,
6
o Demonstration (Torque)
Design line 000 O ©
5_
=
<,
o 41
>
g
S
3_
2 | | | | | | | | | | | | |
O1 2 3 45 6 7 8 91011121

1 minute average wind speed [m/s]

Fig. 3.28 Relationship between wind speed and torque of the

3141516

I-minute average

data measured in demonstration experiment (O) and design line (-) .

3.3.2.4 ER

FREFEBRICTIER T AT LD

REFT A & 1 RO IGE & B, KK

VT D ZAT IR o7 & 2 AL, Sk AT LORET A A (13) &

MWTGHE G, EUH 4.3m/s 720 6 B ELA AT 5 LR S 72y, EIEERE

HME CIERREGE 3m/s 2> 5 [aldE LTz, BUE Tm/s-EUE 8m/s £
FIENT AEMER L SN2, JEGE 8m/s 2 H I FIENT 5

77o R ZIZBWTITEGE Im/s-15m/s ICBWTHEFT A v &
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ERH) 90% & 7ol HiHTA L LVEN LY Tholilb b b T, &
HREELRL, 2552 L TCWEZ 0D, 5KUCHEZR ML 27 1Z%F U CREL D LA
LCWe Bz b, KEEBRTHE O vy OFHAME L FEEER BRI 1)
HIERRN T DRMETH D LRI,

FERESEER TR &7z bV 7 I ZEGE 1m/s-15m/s IZFBWTREREHT A L0 BiR
T BN DT, EAEFEBRT, 7 T v 7 o alindh 23 K 7 I RS L
R BEER L TWDHERF AR 6N T, IRENT, B R b @Eiho s v 7 MUsb
D, U 7 EDBIENA LN O ERX R UEBAE L, U x 7 ALY & ORICER
ERIAE S, BERE A LT, BEE IR EOEREAE T Z L IcR&EL 2
DEMMBADLNTZ, ZDOZ NS, 77 VT EORENC L > TELTZY v 7 b
DEBIZEIYD, ERICKER MV PRELS o EZD, 2O LiF
Fig.3.27 &£ U B 10m/s L 2> 6 [RREF O FHHE D GRE 7 A » L0 Dl e o7
ZEMB, YX 7 hEeUX T MK OBEBIOEIMNIED ML BRREL R
oz eT, EEESEY L Exon T -

% (Fig.3.29) . L2aL, #&EF7 4 “iciiEn

shaft holder

MR D5 b, 2T s | ot horde

ORI TEL ST v 7 b OEE T —

TR, ZDOZ &G, FEIEERIZBW

T, MVT OFHENEGFZ A L kx| ‘
Ko FRIE—ETIZ7ZR2Wo 7 7 Bt Fig. 3.29 Photo shows friction part.
DIWRETHEL DT v 7 NOBEENZEL b0 LRI, £z, FAEFERTIX
77 v 7 B OIREN A B T2 DI 3.5 12 LW ey, BRI XY
77 BEBOIREINRESRY, ML REINL, BRSO NSz
W, WREIZ TEOITITEBLE RELSTHLRBPMELEZ BN,
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FAE BRAIRILXF—DKEEMEE~DER

HIEICBWT, n—F—3Y gy 7a—@BEICRY T ER— R D
KEFEL O E A h AT — R 7 OREKEEZ R LR, BE 2 KEER
TRES IR C & 2 AlREMEDSVRIE S A7z,

ARETIE, BRA=RNF =27 M EEDTZDDOWKDORS LT, KT,
KT~ 2 2 DIAD R T 5 - OEY ~ORK OB L LT, %
N IKFEBVRET T~ ORI & FERET 5 7o o0 MR - | O HHR IR 212 > 2 If
BRIC—BO VAT LEMEL, DRERGE LD THRREEZGR L D,

41 PREEBEE
F3F33.1 BRIV AT LAOFEIEER ETFATLT, KSR ERHL

ARTT = OFEE A PE AR AT,

4.1.1 A&

AT < ORI, [7~TEOBRELETA FT A2 V] OIFEICHE
o7z, 2019 4 6 H 9 BIZFEBRE 7 B9 #ilT B JE /K B8 Sm FifzIC A & A 3
— N L, BB L2 LIz 27 7 ~ % Zostera caespitosa DIEFT % #]
l0kg (REE) LREX L7z (Fig.4.1), ERIIRBIRE S, F/HRMICH 2 RE %
HOKIGREE TGS L, JEIEIEK Z 220 L7z 5000 AEAKREIZ 2 D00 FIT501T
T L7, 10 A 23 HIZE, EFEOTUENBERICERL, 03K EOFRIE

I L7272, BAV 2mm O AT > L A8 2 W T, 2R L 7= 168
DERKEL FEEL, KMEWEZ RO ETCHKEE EET2H T AICED T, T
7 AT & Tl A 2 DR ISR IS B 22 TN O ¢ R TS TE Y, 1 £ T oM
[ IS AT TR AT L 72,
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Fig. 4.1 Seedling procedures of seagrass Zostera caespitosa. A-B, collection of
flowering shoots by divers on June 6, 2021 on the coast of Noheji, Mutsu Bay; C,
flowering spikes bearing seeds; D, seeds separation in the Aomori Prefectural
Asamushi Aquarium on October 23, 2021; E-F, seeds collection; G, collected seeds
in the bottle.
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AT~ OBEWIL, F 3 E 331 IR LEEHKY AT LD KRR M
T 2% HE > B O BRI 12 & DI T1T72 o 72 (Fig. 4.2), 2020 45 1 A
15 HIZ, & & 27.5cm, W& l4em OR Y AFERO AR EIY %> b (aisen,
KA625) 1T 5,6 fEHORF], KT 200g FREDW Z ANT=DH, WO I T
WRE3emDILEED, A= TI0RRREDAT T v B2 L, 12
¥, AT ~EEFE LT3y ba 21T, AMEICRBZENTZE 14 H 0
R & 38cm, i 26cm, RS 8em DT T AF v J N7y b (kB T ¥ bF I,
FIT NA %7y hUA R) IZA#, EZ 18lem, MF 9lem, #HEE 70cm D 1 kK
(7 —A, KF-1000S) DIREIZE -,

KR K Z 7o LT DB, K AT AOR 7T OBRKPAKEES L O &
— Az B0 AT Tz, KFEEOWERDITERS 60 cnlZ72 D K 5, KFEEOPEKE /I e
BEENH BT,

202043 H27 H, 4 H14 H, 6 H 13 HIc& 4, ficHmE, KoK
EATTZEORFEROELEDEREBILE L, o, HOREELS,
IRl EE D Lic,
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Fig. 4.2 Sowing procedures of seagrass Zostera caespitosa in the aquarium. A, gravel
into the biodegradable nets; B, sand into the biodegradable nets additionally; C,
sowing seeds into the sand in the nets; D, setting into the aquarium; E, seawater
pouring into the aquarium; F, outside view of the seagrass culture system.
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4.1.2 #5ER
KFEZHRFE L7 A7 7<%, 2020 43 A 27 HIZHIENRRBD LI, 4 A 14

FHICIEZE N EL 5 enfREEIC R LT, 5 HICITIBER D O FAED K E DR
ST EHEENH-7=7-0, 6 H 13 HICHHICH WL 24, BWICHWE
2D ARy FOETIZEAEDED bivic, FEX, £ A7y FT4-12 8
OREFEM R > MoBlg sz (Fig 4.3),

6 H 14 HIZ 8D/ R KFENHHY BT, AESKEE 4m OHFIEKIC
WKL, MEOIEFICEAELZERE, HH0E, BEARY NTEBR L,
FREFEFR v NOFEAEOELE, HK 10-15cm Ho 72, FEAEOERRIL, EEOME
RTRAGIFETFRRO DN, —JF, HTXIC K2 REBEHEIL, BHIEXE
W LCCTHRICBIZER TE o T,

BAK AT ML, B3 EICHREERLIEEBY, BEHPIZH > THEE 3m/s LA
LR B o T GE, WK E BRI BT KEICEAK LTz, R 7RNIZELRNAD
A, WKZ RS BT BRWVEEFBRBO ORI DD, KiERNLHKT A
TLEMWTAT 7T ~EME 2T H CTE 52 LEDRHENPD LT,
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Fig. 4.3 Transplanting of vegetative shoots of seagrass Zostera caespitosa in the water
area of the fishing port on July 14, 2021. A-C, vegetative shoots cultured in the
aquarium; D, transplanting of vegetative shoots by the diver.
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4.2 &N
F~ I BT ED NN E D I WBIRERETL, Z2MoBkiEs LT
D, EIEFEBRMIC T~ aBiis AT LAE/HEEL, B3 F332EK AT LD

SEREFERR & ATLC, SR SNZEZRENMA L, T~ aD&iEER I,

4.2. 1 ZRIERBEYDRARRET
4.2.1.1 A&
1) HEABEYORIRNIRE

BRI, [ESLATZEBRFEIE AR PERTE « Z0E B /K PE AP FE T O $ B BR %
BEAKEE (LLF, TREHFAKRE)) & ONER KRS ©38ME % 1/10 & L TiT728 -
72

TS DI, ASHRIC & - TIRENRS AT 5, 2072, HEVOTE
IR E R OHERERCVE, 2258 T OZRDOIRIMAR & L OBICIE, IRENT AR %
MnnZ & e Uk, K, BIEOR S, 18R OE &34 4 1.2m, 0.5m KO
0.7m &> T, FEFEARBRAAT 5 HEE N E O KR TH 2K 4m O F2ERiE R D> HoK
% 0.4m & Uiz, KIEEIZ T OBEFED HAL T SRR E 150 1 m O %)%
S 18em (2725 K OB LTeD B, KO RAFITAKFENE & [/ C 0.5m D 3D 7
Yo Z2—TRIE L7 7 AF v 7 BIIEROBRIZ5%E Lic, RO, #
Y OZENE L EREOREEAZE L, Fig. 44 7 L2 X 51T, EROMH
FAD 307 DIRDTEIR & LT,

BARL, @S Z2 60mm & L, Rl (Fig.4.4,A), PPN EIFHEL (Fig. 4.4,
B), MESMUSL L (Fig. 4.4, C), ZERJBE F2 b I T T O JEMEH
(LLF, TEMEER), Fig. 4.4, D) @ 4 LI OV TIEA 4 10-40mm, 10-30mm,

10-20mm, 30-60mm DO#FiPH & L, 2258 oW (Fig. 4.4, E) 1% 480-700mm? O

95



#HE Lz, 2, HNAIL EIFE A EmWIE EI &I X2 EXEE T ~Dr
DBECLER O HAMEI T 2 AlRetEDY, KSRV E ERELT 6 C oo B
DRI O BE D ATREMEDS, X 51T, ARV EHENRITTOR OB E A/
S L AEEN TSN, HErxNR2D YA XG99 fH
(Model I -IX) ORI 245K U 72, ST DO 4 Fig. 4.5 12, FHEALOH A X
& 2258 OWrfE 4 Table 1 (278 L7z,

—
Inner direction of a port QOuter direction of a port

60mm

B[

d D

Sandy bottom

Fig. 4.4 The parts of the model that were examined in different sizes (A-E) and the
location of observation points (a-d) for sand accumulation or scouring. The names of
the parts of the model with different lengths are as follows: A, width of top end; B,
height of inner direction of a port; C, height of outer direction of a port; D, width of
basal plate; E, air layer.

Model I Model I Model I

Model IV Model V Model VI

Model VI Model VII Model IX

Fig. 4.5 The cross-sectional views of each model used in the oscillation water tank
experiment.
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Table 4.1 The sizes of A-D parts and cross-sectional areas of air layers (E) of the
models used in circulation water tank experiment. The name and location of A-E in
this table are shown in Fig. 4.4

Type of Size (mm) Cross-sectional area of
Model A B C D air layer (E, mmz)

1 10 10 10 30 500

I 10 20 10 30 500

I 10 30 10 30 500

v 20 10 10 20 500

\% 30 10 10 20 500

VI 40 10 10 20 700

VI 40 10 10 50 700

VIl 10 10 20 60 500

X 10 10 10 55 480

AKAE ORIEE & BERLZBRE 2 4 U X5 BRI S Ofad #Hc < AR Y
T=Tw2UEVAT, KEOWE LK s X OBEMAREL, =7 7T n—
o TEIEERIZER Lz, KO BILE D KEAFEILLIZOL, K
TR ORI 0.4m/s, JEH 3.0 O ELIRENG 2 5 oFIEH S 72, KiEER %
FET HEECEEOBRENCH D 3 PRI i 30 R E - AL Y
IR SNDEKREY (WNWI.0 1 H WI0.0 ) OFEHETHD 9.5 0, 7
JL— ROAEIAIT 1V 10 TH D Z &b 3 FICEHRE Lz, K FRIEOEEICD
WCIHAKRBENBIRXTH o 72720, KBNS Z &7 ERTE DR KIERIC
RIE LTz, 723, BUNMRIER THEM 9.5 M O%E, KR 4m THEED 57.7m & 72
D, WEE T 1.26m/s (0.4XY 10) 23FAET 2BHOR &I 1.56m L FHE S
Nz, G- T, REBRSMIT IO TITABIA 9.5 7, AFEEAK 1.6m
DOINARYE T 5, EBREFICOWTIT S L% E L7, PRERIZKNT,
BAND 5 53 E TR OBRIRCHERESE CHALEN OMIEA K& <L, LItk
DEACIT NS o2 Z LG, 5 THAZHETE S LB LIZ7D TH 5,

JEAZES (Fig. 4.4,D) IZ2OWTIE, BRI EKFIZR DL IORELLET A AT
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(SONY, FDR-AXP35) OHEIEMN D, ZE5EOE FOEM (Fig. 4.4,a), KT
iy (Fig. 4.4,b), EAEEEANG (Fig.4.4,¢) 1IZXS L, K4 ICHRBTIROH
, BRIOBNMAE (Fig. 4.4,d) [ZOWTITRIEEEZ, Z5BIconT
ISRy O WrmfE (Fig. 4.4,e) Z3ReO7z, FEERIIFHA Model [ -IXDZLZE
IZOWT, AL, BAGRE, 225
IERIREN I A E ] &8 THAR L7z,
AR CRAICANT A 7 72BN T2 ER SE-E 25, BAE
WATORNNBAIHATE, 22T, ZEXEHE WRHRT DA = L%

]

NZERAHDOBRIK BB D ZfF - T,

R 27280, WOHEFEN S22 TR OERLZ W T, BT % {EH
SHHAE I T ORI ZBIZE Lz, L IR, KoK
X, WEEOE IS %70m, 0.7m LT 2.0m ThH-o7-, Wriks Model IX (Fig.
4.5) & RARD Kb, WEPRINZ_EIHEE M OUSMAINE 5872545 % 10mm, JEEAEH
23 55mm, PR EFE U< 0.7m & LR O KT % & & 0.45m, 15 0.7m, &
S 10mm O 7T AF v 7 BITHEEAITHE O AHT TR R R EBICERE Lz, KA
I, i E P L—A 35700, 1 AT ERD K5 Fii [E£E 2-3mm
DNTA 7 T %R L ZOFICE W, FESRMEIE, TERICBWVTE
H}2-4 %, W& 5-30 cenDAEAG DE BRI 2 EH SR, AR o
ANLA 7 ZO8E i bPARICBIE CTE A3, Em30me Lz, 20

Hw

ORI ZEH IS5, 1 B HOERMERICEL THHH 5 BH%ICITZER
BE TIZANTA 7 INRBEIT RN EIERINZT-0, ZOMOETAH AT

A

2K D EREEE S, 03-05 R CTALA 7 T ONEZHERT D Z & TR
JERD DA & ARk LT,
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2) BEEABEYDOREMEDEKRE

(1) ERRAEDDRE

FEERIE, BRASHETE A AR R E S T2, BLHHEHOMEA 2.0m, %
S 1.0m, RS2 6.0m D 2 A 7 F7 AR ER BRI BN T TR o 12
(Fig. 4.6) , B CROOHEFEN I b 72735 72 Model IX 12OV T, EERHE R A3
1/6 DFREEARRL 2 3D 7Y > Z —THERK Lo, ARBRICH L72BRE, RS %
306.7mm, 5 % 100mm & L, Fig. 441287 A B, C XOND OFHA DK E S
%45 % 16,7mm, 16.7mm, 16.7mm & O 9.2mm, Z25& O Wrikifd (Fig. 4.4, E H47)
Z 1,229mm? & L7z, F£72, BROMEIL 300mm & L7z,
KEZEAC DB Z Z T2 X IS0, [BIFRAKRE O/KEERIZEN S £
WA AT 72, EMEZABROFREMBIZS VIEE, =0T =T V%KD
ALk DiC Lz, =27 =7 /O FHEICE TP 5 K 5 W S ITHA 214
AT Tz, R ZRoeE 2 R D 72D, BB O A0 R &k

oo B LA ROITIE, FHINTREED 22 5 ITHY Tmm DR % 7%
%0y Nt Tk ) & Kb Tz, FHNE, Yo7 U > 7 8% 50Hz, o
U 7 30 B TITV, RO OFHEEZS) (Fy, kef) & L7z, JEIE,
0.3-1.0m/s OFIPHT, 0.1m/s IR TRE L7z, FHNZ, X —2 T =T LDHOH
HzEFHL, 20PN 2 LW EZ BRI O & Uz, WL, HEMAk
DJEHE 2> 100mm F TOPGEIATZ 20mm B FTEHHIL, ZOFEIEE H
Wiz FHENE, VR COERERBR A AE L, WM DN T O &V
RIS & BESL T )~ DAL D 2 DWW T T o 72, sHEl L7235, LA
ToORXITEY, UMK ORI, VA JIVAE R %R Tz,
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Fy
CD=1

5> pSU cwe”
UCWCL
v

R, =

Fx: 5171 (kgf), p : KOEE (kg - s*m*),
S:7nmy 7 OREHEE0.03m (FE 0.1m, 1H 0.3m),
Ucwe [FIREAAERZGEH (m/s), v : BREEE (ndi/s),
L:REEZX0307 (m),

Frame Multi-Component Strain Gauge

Multi-Component
Strain Gauge Support Shaft

Turntable Wave
SUppreSSion p|ate

Test Model X

Partition plate -

| Water flow into the por>
<Water flow out of the port |

Test Model

Fig. 4.6 Overview of the drag force measurement system.
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(2) BEYMDOREE
REXE DL EFEIL, LRI L 0k,
REFHIH L, AR 28 4 AR IR KPE LORER GRS, B AR IR I A
TEZEREE CERL 182 A) Y IChH DEERD O FH (L) OWLEI D
BMENEE AR L, 7oy 7 RER, ZRBORER, 70 v s ONEHME,
Ty 7 ORI, ZERBORL, 70y 7 OEE TR, 228 ORI
BRBEC ST, BRERE (Fig. 4.7) A BoReb7z, I AR 00 S5 e
IPBEME L, MEKOEEIL, BRAEOREHES (BA%R) Y ITRENDEE
WEE =, T ay s OB, BEEGRE, 2RI, ik - RSO O
B EE (2015 FM) Y RUVEME « BISREEYRRE RG] O I L 72,
TRAPIE, WD SRDT-,

P=Cp-A-Wo-U%?/ (2g) (1)

HEI DL EZMIZHOWTIE, R LIEEILERZ RO T 7,

{Wb « (1—wo/0G) *cos¢ —P-sing} +Lvb—We-cos¢ *Lve 2)

F= Wb+ (1—wo/0G) *sin¢ +P-cos¢} +Lab—We * sin¢ * LAe

LR DL BTSN T, R BHEREI L e E KD TYTo 72,

F— u s (Wb (1—wo/0G)—We} <cos¢p —P+ u *sin¢ (3)
{Wb+ (1—wo/0G)—We} +sin¢ +P -+ cos¢
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S

U: il Wb: 7ey 73EHE We: =7 —#HE R
0G: 7y DFEE Wo: lE/KDOERE Cp: HURE 1 BEEAK
o WEAR A: 7Ry ZO8EEE LVb: 7 u v 7O
LVe : =7 —¥#FDXLy  LAb @ 711w 7 OEAE L P

LAe : =7 —¥B O HAE b0 EREE

Fig. 4.7 The figure of the concrete block for culture sea cucumber.
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4.2.1.2 $&8
1) EEAEEMORIREE

(M BERADRDHEFE

RN KEN O g LIZEWTIR N R D 9 OB, K Ok
& 0.4m/s, JEH] 3.0 PO IERIREIEE 5 o MIEH S 7-/%, B0 A-D D%
AL DR S & a-c OFEALITHERE L7 DJE S IZ1E, Table 4. 2 1T~ FFEH) 72
BAtRERD b7,

B O EME FICHERE L 72D DR S 13, Rl 8722 A SR W &
B 2N /L S 7z (Fig. 4.8) B, B KON C L OE S AW 10mm T,
A FZOR &7 10mm, 20mm, 30mm & 40mm & 5725 Model 1, IV, VK&

VIZHERE L 72 OJE &3, 2K B E T ORI H7- 5 a 57 T % 3mm, 2mm,
6mm & O8N 11mm, [JE# O FH R/ H 725 b 5L TIES 4 lmm, 3mm, 7mm &%
W9mm Th o 7=, EROEHNMEGIZ Y 725 ¢ IOV TIE, JERICH7=5D
HAL DR &8 30mm LA E OB TOLBIE L7273, Model I TEI Imm O
DHERPBESNTZOHRTH oo, FRICHENMOSE EIFEHIC S22 B &AL
EOVERNE S, HER LW OE S, SRR oz, A KONCEMO&K
EWVFE 10mm T, B EALOE SA 10mm, 20mm KO 30mm & &S D5
725 Model 1, I O HERE L 728D D X1, a ¥ CTH 4 3mm, Smm, 7mm,
b FAL TIEA % Imm, 8mm, 8mm T o7, ¢ #HLlE, Model I THDE X3
Imm Th o7,

Fro, HEFE L 7201E, #SMAIOST EIFERIC Y 725D C AL @ W TR S 72
o572, A KB HORINWNTILE 10mm T, CHAMOEE2 10mm KO
20mm T 5 Model 1 K OVIIZHERE L 7= DR X % 5 & a il TH 4 3mm,

S5mm, b ¥ T 4 Imm, 4mm ToH 7=,
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—J5, HERE L7, R CTH D D B R WEANT Y, EOEm AR D
iz, B6, A, B, COETMNOEINNTILE 10mm T, D DE X7 30mm
KON 55mm Th D Model 1 L OXOERNZHERE L7 OJE XX, a F TK A
3mm, Ilmm, b #HALTWT NS Imm, ¢ L TH % Imm, Omm Tho7o, 77,
A, B, C DEINLH4 % 40mm, 10mm, 10mm T, D #AZA3 % 20mm & Y 50mm
® Model VIXOVID 2 D ORI HEFE L 7= DJE 1L, a #BA7TH 4 11mm,
2mm, b AL TIEL 9mm, Imm &72 0, BEFELRERNA LN,

AREBRZEC T, WK GES HERUZEET, R LR O F T A S
MOF SN 40mm &b EL, DEMOE SH 20mm & i HHV Model VIT
bole, Flo, WOHBEN KO EWEAE, Lo F T A B C D%
LR S8 10mm &R b <, DEMLOR S2% 55mm & i bRV Model IX

ThoT-,

Table 4.2 The sand accumulation thickness at the a-c points and sand scour depth at
the d point of the models after 5 minutes oscillatory flow in the circulation
water tank. Locations of a-d points are shown in fig. 4.4

Type of Model Sand accumulation thickness (mm) Sand scour depth (mm)

a b c d

I 3 1 1 7
I 5 8 % 8
il 7 g ) 2
v 2 3 ) 7
\Y% 6 7 ) 7
VI 11 9 ] 2
VI 2 1 0 5
VIl 5 4 0 6
IX 1 1 0 5

* unmeasurable
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Fig. 4.8 Photos show the sand accumulation and air layer of four models after 5
minutes of oscillatory flow in the oscillation water tank.

(2) BREFDTOWDEIE
PREN R KAE N TR RO IRNE 0.4m/s, B 3.0 o EsLRE) 2 5 4 1EH

SRR, Fig 4.8 IR X 91, BRIOEENMISL EFETs (Fig.4.4,d) T
AR v i VIS SY gV e
d BN COR OVEIEGRE X, Table2 (TR L2 &30, 5-8mm O#FHIZH

olz, VEEDORS LEMAE O D N OR & OMICITFHEBRRARD bz, A
B, D LAY 50-60mm & ELEZHIRE Model VI-IX O 3 FEFEOMEICIX, d HAL
TOWOYEARLRELAS 5-6mm DOFIPH A7~ L7 K, D FALAY 20mm F 72 1%
30mm & FEV Model 1 -VIOD 6 FEHOEIRITIX, d EBALTOROVEHRAREL D 7-
8mm & 720, Model VI-IXIZEE~_EEWMEZ R LT,

d AL COROTEIIEE L A, B, C O OR S & ORI, BB
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'f mu&)%ﬂfﬁﬁ)/)f_o

Q) ZERREDZEIL
EEh AN CTACERL R OHEIE 0.4m/s, JEH 3.0 B IEZIEER A 5 S MfE
w7 mR, 258 (Fig44,B) IZEE LEEZROEICIE, HEORIRIC XL
S TERNPED b (Fig. 4.8) . IREN 2 (EH S 72 Hi#E D28 OWrimfg &
ZOWNDE M LI ZEKORHFEZ Table4.3 (TR Lz, 2258 OIRHEIL, 17-
66%DHEPAICIH >T-, ZDH B, JEMD D EALA 50-60mm & LI RV Model
VI-IX D 3 FEEH DR TI, 22508 O =R 03 % 66%, 62% K% T 61% T - T,
RENR 2B SH - H%ICZERE T 02RO 6 BILL Enkbhi-, ZHuc LT,
D f{ZD & 7% 20mm F 7213 30mm & ELEZAYEE VY Model 1 -VIO 6 FHEH DAY
TlE, RGO 17-45% & 720, BB ZFH SE2% ThilEoZER
DEZTJEFIZE E 7,
—J7, RIGERO A FAL L PESMAIOSL S EIFHEIC Y 725 C FALOK S8 10mm
T, HENBIONT EFEIICS 725 B EALORE S 28 10mm, 20mm O 30mm & #
72% Model I, DAEOIITIE, Z2RJEDHHEHRDPE %45%, 32%KT17%E 72
D, BEMLAEWERNT Y, 220N LIC K RAEmA A b7z,
ZHUCKF LT, BN R OESMAIONE EIFEIIC M7= % B B Y C AL O &
23 10mm T, RIGZH72D A FALOK E A 10mm, 20mm, 30mm X O 40mm

CHIA Model T, IV, VEOVID 4 ORI T, 22X E0HEERNE «

i

45%, 32%, 39% K N 35% T > T, KD I L ERJEh 02RO I I
Hﬁfﬁfﬁ'ﬁ?\z})mu&)%ﬂzﬁﬁ)/)f.o
R DOZELKDOIRHE N R S 0o 28, A OR 3 40mm TH -

THHA L 72RO F TR b E <, DELOE &28 S0mm & LiAYR VY Model VI

106



Thole, ZHICK LT, EXEPOZERADRH D R b D72 o TR T, B #8
LD &A% 30mm &K L 72O The b KUy Model I Td - 72,
BB D JEAEHD a-c DAL HERE L7 D& S DA FHE & 2858 D 22w H
FIZIE, Fig. 49 1T X O ICADBBBFEO b, 2ERED2ERNE i
L 7oA TR D HERE DS D 2 VMR A2 0= LTz,
Table 4.3 Cross-sectional areas of air layers and their air leakage rates before and

after 5 minutes of oscillatory flow in the circulation water tank. Locations of a-d
points are shown in Fig. 4.4

Type of Model Cross—sectional area of air layer (mm®) Air leakage rate (%)
Before flow (D After flow @) 1- ®©/@®
I 500 274 45.2%
I 500 341 31.8%
I 500 416 16.8%
v 500 341 31.8%
Vv 500 304 39.2%
VI 700 454 35.1%
Vi 700 235 66.4%
VII 500 192 61.6%
X 480 185 61.5%
70
|
60 | ® -
. f(x) =-1.72*x + 59.3
& 50 R =0.64
s n
540 |-
£
A 30
3
220 -
10 +
O | | | |
0 5 10 15 20

Thickness of sand (cm)

Fig. 4.9 Relationship between the air leakage rate in the air layer and the
thickness of sand accumulated in the model after 5 minutes of oscillatory
flow in the oscillation water tank.
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4) EREIDORN
R KAEN TR 38, & 30cm ORI 25 5 5 2, 0.3-0.5 B
THLH (Model IX) B TDONTA 7 T OB 2 LT-Eifg % Fig. 4.10 |25

L7,

Fig. 4.10 Water flow around the model IX in the wave tank. The pink particles show
artificial salmon eggs as a tracer.
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HROMAI > & BENRI T TR~ D LIRS, BRAMAINT 1P (Fig. 4.4,C) OfFT
IZBE > TV ATA 7T (Fig 4.10, A) 1%, #EIMUOBERERIZIG > THEN
iz 8 L (Fig. 4.10,B), RKimz iz 7= (Fig. 4.10,C), 52, N TA 7 F13,
Rbmn B HIBEL, HROWENRNENE ST MO KRR D (2 Z2 & X (Fig. 4.10,
D), iZEN—EAKEOIEICE TBEI L7 (Fig. 4.10,E), #EPHID & EESMA
OB EPRICANTA 7 71, womI N L (Fig.4.10,F), 62, WEk
HL2RM b Kig L&t Fr~EBE L7z (Fig.4.10,G), Z Oy, & X0
HECH S Te—EDONTA 7 Z1%, SIEERFICER E2BE L, ZEE TS
FTHLATONDETH RO (Fig. 4.10,H OV, Kifi & 8z CHESM
(CBEN LI ANTA 7 718, Kmd SRIEE L, B o dIMAlTH EL 7 17 R A
D ORIRICEN N (Fig. 4.10, 1),

ERAECONTA 7 TOBE 0D, BREN I LK LI EHICL-T
B OWENAMANC Z N Z I hE S MO A R T 5 2 &, Bl&EIc k> Tz
KBETETALA 7 IREITND Z EBRHEND BT,

i

2) BEYMDLREMEDIRET

(1) FREDDEE

FEERIAE U= i KA oK, KR 14.8CTH 7272, BN 101.848kg
s2m*, ERREE AN 1.145X10°m2 st L HHE ST,

[ K 2 -T2 50 ORGSR, SR B DR AR R % Table 4.4 (TR L
72

PUORENT, #EIMAID BN T A~ O T bls: L CTHEIMAID & HE N 7 )~
DN ENEH ST G AT RE VW EE RT3 R SN, Zhid, RO
JERDS, HEIMAID & VRN A~ DUV E =T D A E 307 OIEE TH DO
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(ZHRF LT, T &I DRI & EESN T [~ DI & % 1T % HIZIE 225

U

TORA LR HY, MhOENZZ T T WK TH L Z LR —K

Z b,

PR LA ) VB DR % Fig. 4.11 1R LTz,

JeE
Iz

=D

5

Table 4.4 The measurement results of Reynolds number (Rn), drag force and
coefficient of drag (Cd) using the circulating water tank

Water flow into the port

Water flow out of the port

Ucwe(m/s) Rn(x1075)
Drag (kgf) CD Drag (kgf) CD
0.190 0.051 0.033 0.598 0.039 0.707
0.284 0.076 0.083 0.674 0.092 0.747
0.377 0.101 0.147 0.677 0.166 0.765
0.478 0.128 0.234 0.670 0.257 0.736
0.575 0.154 0.332 0.657 0.355 0.703
0.680 0.182 0.457 0.647 0.480 0.679
0.786 0.211 0.607 0.643 0.641 0.679
0.880 0.236 0.756 0.639 0.818 0.691
0.981 0.263 0.931 0.633 1.036 0.705
0.8
o Water flow into the port
m|
O - o Water flow out of the port

&

5 0.7 b H O O

qC_) o ©O o) O O

= o)

o)

.0_5 © o0 o

< 0.6

2061 o

©)
0.5 | | 1 1 |

O 005 01 015 02 025 03

Reynolds number (x1075)

Fig. 4.11 Relationship between Reynolds number and coefficient of drag.
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PUMREIE, VA 2V RE 1.0X 103 P00 C, BEAMEIDS &S HEN T I~ DT
0.765, BENAHID B BESL T~ DRI TIX 0.677 TH A | KfEZ R LT=, 76> C,
WEIEY) DL EFHRICH W D IR EIZIX 0.765 # HWD Z & & LT,

(2) BEYMDODERETE
WEIEWY) DL EFHFEICHE L7 FH B OFEIL, Tabled5 DY THholz,

Table 4.5 Numerical values of each item used in the stability calculation of the
concrete structure

Item Symbol Numerical value Unit Quote
Design flow velocity U 2.697 m/sec Reference 2,3)
Virtual mass of concrete block Wb 30.58 kN Calculated from block design drawings
Virtual mass of air layer We 1.45 kN Calculated from block design drawings
Bulk density of concrete block oG 22.6 KN/md Reference 3.,4)
Density of sea water Wo 10.1 KN/md Reference 5)

Calculated from the results of the

Coefficient of drag o 0.765 circulating water tank experiment
Coefficient of friction n 0.6 Reference 5,6)

Sea bottom slope [0) 1.1458 °(i=1/50) Calculated from nautical chart

Factor of safety S 1.20 Reference 5,6)

Projected area of concrete block A 1.80 n Calculated from block design drawings
Centroid of concrete concrete block LVb 1.067 m Calculated from block design drawings
Centroid of concrete of air layer LVe 0.822 m Calculated from block design drawings
Tipping center distance of block LAb 0.2 m Calculated from block design drawings
Tipping center distance of air layer LAe 0.373 m Calculated from block design drawings

iEM ORI (P) 1%, FEorT (1) And, UTFToEBVEB I
7=,

P=0.765 X 1.80 X 10.1 X 2.6972,/(2 X 9.807)=5.157 kN

WEEM OB Z 2L, FEIRT 2) b, LLFD&BD 1.686 &t
Bah, #2R12% EFEo7,
F= [0.6x{30.58%(1-10.1/22.6)-1.45} xcos(1.1458°)-5.157x0.6xsin(1.1458°)]
[{30.58x(1-10.1/22.6)-1.45} xsin(1.1458°)+5.157xcos(1.1458°)]

=1.686>1.2
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F7-, BEMOIEEILA2RL, HiElaorT 3) b, UFoLBY 11.76
CERHE SN, B“eFE12 % EhloT,

F= [{30.58%(1-10.1/22.6) xcos(1.1458°)-5.157xsin(1.1458°)}x1.067-
1.45x%cos(1.1458°) x0.822] = [{13.11x(1-10.1/22.6) xsin(1.1458°)+2.891
xcos(1.1458°)} x0.221-0.01xsin(1.1458°) x0.380] = [{13.11x(1-10.1/22.6)

xsin(1.1458°)+ 5.157xcos(1.1458°)} x0.221-0.01x sin(1.1458°) x0.380]

=11.76 > 1.2

LI EDRERDN G, AREEWIE, FRERER 21T 5 EREEHRI /R 7 O IR HEEER 1B
RE L7296, FaREEENPHERTE D LEZ BT,

112



4.2.2 B R T LDEE
4.2.2.1 Ak
1) HBEYORMELERE

2018 FF2 A 2 H A5 27 HIZHMIT T, 84 % 4.2.1 O/KBEERIZBW TR OHE
FE2 i bV Model IXOJEIR & FR1Z, Fig. 4.7 [ICXX %77, £ & 300cm, 8
184cm, @& 60cm D=7 U — T a7 & 10 FEBEL 72 (Fig. 4.12), 22
RBERIZOWTIE, KE 300g FREEOF~aBEi2HIRCE s L) EREOR
& M2cm, HIE18cm &L, 7y 7 OEIE, %4)500cm 24 E Lz
N, RELFIZBITD7 L—rm OFEEESZ N, X4 =2 L DREM
AR 2 B L 300em (ZAEHE L7z, 7 1 v 7 OMiED2EEH I, 22
KOBHEBEZHERTES L9, ES8mOR Y B —RF— FEHEEAITIEY
F7e, Flo, RELTREICLD 7 vy 7 OMENBELLES, ZREN X
DHERFCE D LD, EXEWNERIZ 3 B oY Ziid 7z, Zotun idfk
Db DZET a7 ORI ERENTE D XD WD b OITRALEICHRE LT,
7R JENE, W REAS 462 of, (AFE2S 138¢ TH o T,
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Fig. 4.12 Fabrication of the concrete blocks for culture sea cucumbers. A, assembling
the formwork and rebar for the bottom plate; B, injection ready-mixed concrete into
the bottom formwork; C, assembling the inside formwork and rebar for the upper
section; D, assembling the outside formwork and rebar for the upper section; E,
injection ready-mixed concrete into the formwork of upper section; F, dismantling of
the formwork's; G, polycarbonate observation window installation; H; the completed
concrete block.
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2018 £ 3 H 5 HICHARBIEATO THEHAEGMIC 10 A= 7 ) — T

B 7 EflEAiAR (Fig. 4.13,A), 7 BICHERYEEN = OHIC AT THf L2

(Fig. 4.13, B, C), 3 J 13 HIZIfaPkB 0 &R OBE 30m O#FPHIZ 10 Ko7 o v 7

EEMOZ L—rTHRY BIFRE L (Fig.4.13,D), 27— 7 mr vy 7|Z
%, PEsE2Y O B T AR E SAVIEIC 1D 10 FOF 5 2 NEAICAT Lz,

Fig. 4.13 Installation of the concrete blocks for sea cucumber aquaculture. A, loading
concrete blocks onto the barge on March 5, 2018; B, ten concrete blocks loaded on
the barge on March 7, 2018; C towing the barge from Aomori Port on March 7, 2018;
D installation of concrete blocks onto the mouth of fishing port. on March 13, 2018.
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1, 3, 5, 7, 10&7 0y 7|2iE, 7 av 7Ok ORI D) 5 % <
50cm HEALTZHIAIC HEEDOM W R S 1m 08k (B ¥ —FR—L%&) HZL
AT,

201849 H 13 H, 10H 13 H, 241, 11 421 H, 201941 H 12 H, 3 /]
3 HIC7 vy ZRESINCEKL, BHRBIZICE Y RELTOME 2R T2
EEHIT, T ry s ORENK ORI O EICHET 5 HICH T D Wl ORE
FOHREE 2 JE Uiz, RS T 1y 7 OT 550 0EikE0El, 7o
> 7 DJEMETER Gy DWW DO FEHE/ R E OHEREIE 2 WE Lz, £7=, 2018 4F 10
H13 B, 24 H, 11 H21 H, 201941 H 12 H, 3 H3 BT v v 7 OfaEN
SOWIBICFE LAV E 78 v 7 £ TOREEERIE LTz,

2) ERRDFE

2018 4£ 2 J] 16 HIC 7 v v 7 ORRIEZ T7E T 2 Byl a7 O P BE 1 E8IZ
WAL, MR- T 3m ElE, £ OEE S NS 2m MR TRE L7530 48
DWFIE CTAIEF 2 AWV COKEZHE L, MWMERICKEERDZ, a7
—h7 Ry 7 ~OFEKIL, Fig. 414 1R LTEEBY, EINCHTZD 2 H>D7 1
Y IICENEN L BROBRENGERKT LI L L L, T ry 7 DOEKHESG OO
IR DIAATE BRI X 7 ) avaf v M olET L7 a vy 7 OXKigD
BIZAR—2AZWOAHT 52 LT, IERERTED LD IC LR L, EK[HDOR
I, BI3IFEFE2HICBWTERIME LA MR T2 LT 2 KO~ A
yaEEe Uiz, BREND T 0y 7 ICBRE SR ERE L, 7y 7 BSHiER
SRV OBEELELDL L 2BEL, 7T AF vy 7/-IER—Z (N

19mm, M 26.5mm) % U7,
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Two “Rotation Flow Type” turbines
g with an air supply pump

Air hose

The mouth of fishing port

Fig. 4.14 Schematic drawing of the air supply system.

4.2.2.2 58
1) BEYEERRDERE

2018 4F 2 J] 16 HIZEEIEIN O kBl O EBICEK L, MEHRICIh-> T
3m kR, ZOEE G 2m B CRE L72E 30 SOWRE TKEF %2 AT
KEEZPE L, MW EZRITKELROTZFER, Fig 4151RL7cEB0, B
OB EARE D 7 7 7 736 9m HANTH 2~ 2 HiR C/KIEDS 4.47m Atk &
STHRBIRNWZ EDPHGNE o7, —TJ7, THE D RPEANIHET ITHEV KR
P 720, REOIRED 7 vy 7553 TK 2 KED 4.1m, 43m Fik Th -
72

2018 43 H 14 HICHHRGNIN E OMRISICRE Lo 7 ) — T vy 7D
REMRL O % Fig. 41712, 10F 7 1 v 7 OIRINZ Fig. 4.16 IR LTz, #E

EEROT vy 718, MK EERoT,
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Inside the port
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Fig. 4.15 Water depths of the seabed on the mouth of fishing port.

Fig. 4.16 Installed concrete blocks of the sea cucumber aquaculture system. A, the
front view; B, the side view.
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- S Bm  -3.4Im
-3.80m -3.74m -3.82m  -3.85m -3.62m  -3.60m -3.66m  -3.66m F
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Fig. 4.18 The water depth at both ends of the top of the installed concrete blocks of
the sea cucumber aquaculture system.
7wy 7 OFEKEDL, Fig 418 ICHREEBZIKENSHEL THET 2y 7 O
R DOWGHERDOKEZ R LT EBY, HOERMICRELIZ4FLOSFET 0y
7 T4 43.82-3.85m KN 3.71-3.73m Tholz, TNOICHET 5 3F, 5EFT
7y 7 OREGOKIEIL, & %3.84-3.82m KTV 3.62m, I HIZ, ENOHICHHET S
2%, 1&HF T vy 7 TlEA 43.74-3.80m (1 3.52-3.62m TH->T, 1%, §8&F
1y 7 Tl %3.69m MO 3.55m & 72 o7, RIRICRES N 9&E, 10 FD 2
Ko7 v v 713, KENE #23.51m LN 3.43-3.47m Th-o7o, xEKEDL, 5F&
226 10 FETNTTD 6 D7 vy 7 THRMANIERE S 72 b O DBINARAEFTIZ 72
Stz — T, TENIVHERICHD 4 Ko7 v 7 TIEERMO L DI ENEEE
DINZhoTz,

K70y 7 OFREKEPHA L2720, B EORAICH D 1 FEoRENS
4FK Ty I DEKIBH TR —AZEE L, TN RIS D 1-3FD 3 K
DTy ZIZERTH LI L (Fig.4.19), £7=, WEIOEFNS 5K 0

IZERRICELE L, ENE VR NCH D 6-10 FD S EOT 1y 7 IZTERT D
Loz L7 (Fig 4.14),

TRy ZICERGRARRE L2 2018 4F 3 A 14 HIZREEOB B | Cldk muE
Sm/s DEAH Y, PR FICFRE L2 2 >OREE, W bED 1 [RisfLE

WS TR L7z, PERRDORED DA 2 R I3 O 5 12 3R E S a7z
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1 BERRI0EFET 0y I L EROIRENER SN0, MENLKTa vy

~DOERPHEB TE I,

Fig. 4.19 Underwater hoses for supplying air into the concrete blocks of the sea
cucumber aquaculture system. A, installed air hoses from the rock wall onto rooting
blocks; B, onto the rooting blocks and the No. 1 and No. 2 concrete blocks; C, onto
the No. 2 and No. 3 concrete blocks; D, onto the No. 4 block; E, onto the No. 4 and
No. 5 blocks.
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(2) BEVDREM LEERB DR

20183 HD 7wy 7 &R iER, 2018 425 H7nD 8 HITHhT T, AHEDOT L—
ROFBNSL R —F =D, K3 PAMICHE->TETr v 7 ICERTE
R oTe, 2018 4F 9 HIZI/K LAY A —Rx— MNEDOEA B {517 72 ;P i D
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Ty I B EIBNR RIS Z EIE ol E, BIEABEUT, KRIEH
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MOIEREEET 247 1 ZITERT 5720127 1y 7 KRG T 72k —
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SNTWVDERFD D b,

7y 7 JE TOREEENC OV T, Table 4.6 12 2018 4% 9 H A5 2019 4F 3
HIZTTRHE L7 vy 7 OiREENIMUIO RS G235 1T 2 BER R & HEfEE %
LT, ViR, 9 HIC2®F T vy 7 ORESMANCEE L72H T lem B9 HALC
I, HAEZE U TR CERrole, £z, WO, —MRIZTEESMINZ
W L7E A BRHOZ L0 EL 25 EmMA R BT, D, EESMIOHE T
1%, 9 AT 2-6 {7 17 THAK 10cm, 11 HIZIX2 71 v 7 THK 24cm,
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10 %7 1 v 7 TR 20em HEFE L 72, ZHUCKLC, EEoNMIm <iE, 9 A
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IZ9%F 72y 7 Tllem, 11 HIZ3, 8F7my 7/ TH48m, 1 HIT4FE T 1
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JEM IR L 727~ & O RS BEAK TR ALV 22 23 B HERE 3 D k7 03 L
S, A U CTRA 10-15em FREDE X2k o7, TN HREEER, -~ =,
FALTY X=X N7y =DWEENRRD B, T~ a0 IATRRT
DR OGN BIEZE LT, ZEXEO THIZE TRIRHRET L2 Lidknroi,
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Fig. 4.20 Sea cucumbers released at the center (A) and at the edge (B) of the concrete
blocks of sea cucumber cultivation system installed between the mouth of fishing
port.
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Fig. 4.21 Wet weight of sea cucumbers released at the center (A) and at the edge (B)
of the concrete blocks of sea cucumber cultivation system installed to the mouth of
fishing port.
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~At the time of release

m

m

m

Fig. 4.22 Location of the sea cucumbers released into the center of the concrete
blocks of the sea cucumber culture system installed into the mouth of the fishing port
at the periods of after 30 minuets to 48 hours from released.
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Fig. 4.22 (continued) Location of the sea cucumbers released into the center of the
concrete blocks of the sea cucumber culture system installed into the mouth of the
fishing port at the periods of after 30 minuets to 48 hours from released.
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the time of release

T
-+t

*ZM

30 minutes later

60 minutes later

‘ot

3 hours later

Fig. 4.23 Location of the sea cucumbers released into the edge of the concrete blocks
of the sea cucumber culture system installed into the mouth of the fishing port at the

periods of after 30 minuets to 48 hours from released.
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24 hours later

27 hours later
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1. 48 hours later
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Fig. 4.23 (continued) Location of the sea cucumbers released into the edge of the

concrete blocks of the sea cucumber culture system installed into the mouth of the
fishing port at the periods of after 30 minuets to 48 hours from released.
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Fig.4.24 Locations of the sea cucumbers released into the edge of the concrete blocks
of the sea cucumber culture system installed into the mouth of the fishing port at the
periods of after 3 hours to 96 hours from released. "W" shows the locations of
transplanted vegetative strains of seagrass Zostera caespitosa.



Fig. 4.25 Photos show transplanted seagrass Zoster caespitosa and released sea
cucumbers near the transplants. A, Z. caespitosa transplanted on March 3, 2019; B,
sea cucumbers released on March 3, 2019; C, transplanted Z. caespitosa and released
sea cucumbers 24 hours after release; D, 48 hours after release; E, 96 hours after
release; F, Z. caespitosa community 4 months after transplantation (July 3, 2019).
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Fig. 4.26 Sand accumulation scheme on the block, based on the results of the tank

experiment.
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(seawater pumping system)
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system) g behgm()r ‘of sea Quoumbe?s* 2

Fig. 5.1 Appearance of the sustainable culture systems for fisheries organisms using
wind energy constructed in the fishing port on the coast of Aomori Prefecture, on
August 10, 2021.
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Fig. 5.2 Photos show the sea cucumber seeds production by the fishermen. A,
spawning eggs and spermatozoa; B, egg wash; C, egg sorting; D larvae cultivation;
E, release of juvenile sea cucumber onto seabed; F, young sea cucumber after 8
months from the release.

KIER AT LM, T~ 3RS FHEEMEKERY 2 1K P CiA D2
JEIZHHCE 5B b5, REMKEBYO I L, V=, TUEKRIYTHF
IZOWTIE, BDEOEFELFE FRERERAFETH D 2 &6 EMKEER ORE
(ZHBTE IR R RN R S TR Y (Table5.1), 45433, 38 KU 33 £RIE TR
5EF 6,800ton, 700ton & TF 4,600ton 23AME STV D, T DAFEIZONT
b, BRIV AT LERETE DM H - T, ho, ERTE DRERME
2o D50, RUVAT LAERWERBERARREEZLND,

kD&Y, RAFFE4E 8 LT, Bz F —ZKEGIRREE ~ O 72 708
HGEERTZENTE T,
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Table 5.1 Fish catches of the four creeping fisheries animal species in 2020
and the number of designated fishing port areas, by prefecture

Prefecture Fish catch (100ton) Nurgber of
Sea cucumber Sea urchin Abalone Top shell fishing port

Hokkaido 23 41 0 0 43
Aomori 8 5 0 0 25
Iwate 0 7 1 } 99
Miyagi 2 5 1 a 143
Akita 0 - 0 1 22
Y amagata 0 - 0 1 15
Fukushima 0 0 0 i} 10
Ibaraki 0 0 0 ) 24
Chiba 0 0 1 o) 63
Tokyo 0 - 0 0 7
Kanagawa 0 0 0 2 25
Nigata 1 0 0 4 64
Toyama 0 0 0 0 16
Ishikawa 2 - 0 7 69
Fukui 1 0 0 1 44
Shizuoka 0 0 0 1 48
Aichi 1 0 0 1 34
Mie 1 0 0 3 7
Kyoto 1 0 0 1 33
Osaka 1 - 0 0 13
Hyogo 3 0 0 ] 53
Wakayama 0 0 0 0 94
Tottori 0 0 0 1 13
Shimane 1 0 0 4 33
Okayama 1 - 0 0 26
Hiroshima 1 0 0 0 44
Y amaguchi 5 2 0 6 97
Tokushima X 0 0 0 29
Kagawa 1 0 0 0 9
Ehime 1 0 0 3 190
Kochi 0 0 0 ) 28
Fukuoka 1 2 1 b 65
Saga 0 0 0 1 46
Nagasaki 2 2 0 9 278
Kumamoto 0 1 0 0 103
Oita 3 0 0 2 110
Miyazaki X 0 0 0 23
Kagoshima 0 1 0 0 139
Okinawa 0 0 . ) 37

Total 61 68 7 46 2,765

0, catch of less than 100 tons; -, no catch; x, not published.
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Fig. 5.3 Frequency of appearance of 10 minutes average wind speeds from June
2020 to May 2021.
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Fig. 5.4 1%, H/KFEREER 3% 3.3.1.4) OfERENLELN, 1 2B FEEE
I (Vave, m/s) EJREOMEEE (Rs, rpm) OBAREZ R LTz, ZOENS, £
KA 7 OMEREREMENE, ERRGEE 3m/s L EIZBWT (1) BB LT,

Rs =5.7Vae-17.6 (JREFRE R%:0.81) (1)
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Sy OEEREZ A (1) IS TID/E O N EREIC, X— R TORET
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Fig. 5.4 Relationship between wind speed and rotation speed.

FREEBR TR SR E, EBER 7 THKT 255 ICNEREHEER
BROERE, FEEICLD BLRAFFHEARRE Lz, iR 73, ik
OUWEKFMES KR 7T 22RE L, ZOHAE% Table 5.2 (T8 Lz, BRUEH
AR, TR HU, B R R AR IR AL, BARE ) Y RO E ) ©
2B H ORARHEZ 100 1, B/ EEHEHAMZ 18 F/kWh, FAERTET T
X — BRI 2 3.36 [I/AWh 7 & Uiz, 7eds, ZE(RFHEHRENL,
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HORES] Y T D 0.44kg-CO/kWh & V7=, BRE#EH 4 Table 5.3 127 L

7‘/’
—o

Table 5.2 The electric pump specifications used to estimate power
consumption, electricity bills and CO; emissions.

Single-phase

A power source(V) alternating current

100V
Maximum supply(L/min) 17
maximum Lift width(m) 20
Weight(kg) 4
Size(WxDxH) (cm) 15.9x13.8x26.3
Rated output power(kW) 0.15

Table 5.3 Estimated power consumption, electricity bills and CO» emissions when
pumping seawater using the electric pump.

Month Amount of Power consumption Electricity bills (Yen) CO2 emissions
pumped water( £ ) (kWh) (kg)
June 8,207 1.2 126 0.5
July 8,390 1.2 126 0.5
August 12,249 1.8 138 0.8
September 40,983 6.0 229 2.7
October 18,965 2.8 160 1.2
November 20,725 3.0 165 1.3
December 36,571 54 215 24
January 28,701 4.2 190 1.9
February 36,131 5.3 213 2.3
March 23,567 3.5 174 1.5
April 30,660 4.5 196 2.0
May 15,475 2.3 149 1.0
Total 280,624 41.3 2,081 18.2

KGR AT AE W EZIERBRMICB T 285 KkEE, KX (1) »HERM
280,624 LEFE S 7m, RO EREI X O KHIMES KR 7 THAKT S
5h, FREOEEER R, B O EIZ L D B bR EEH &L 41.3kWh

J 2,081 [, 18.2kg LR I 4L7z, TKICER R T HHW LA, EE
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Fig. 5.5 Frequency of appearance of 10 minutes average wind speeds from June

2020 to May 2021.
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Fig. 5.6 1%, EXELEER 3 3 3.3.2.4) OFENSELNTZ 1 RO FEE
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Fig. 5.6 Relationship between wind speed and rotation speed.
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BT 5B A OFEAREM: % 100 [, B &M 18 F1/kWh, B4
AHET L X — R EIRHERRTR 4 % 3.36 F/KWh? & L7z, 7ok, R biRFEHEH
FRE0E, FURES Y NHET D 0.44kg-CO/KkWh % AV -, #E S H % Table 5.5
R L7z,

Table. 5.4 The electric pump specifications used to estimate power consumption,
electricity bills and CO» emissions.

Single-phase
A power source(V) alternating current
100V
Maximum air volume(L/min) 7
discharge pressure(Mpa) 0.07
Rated output power(kW) 0.018

Table. 5.5 Estimated power consumption, electricity bills and CO; emissions when air
supply using the electric pump.

Month ] Amount of conZEvr;[eazion Electricity bills (Yen) COz emissions
air supply (£) (KWh) (kg)

June 38,985 4.7 200 2.1
July 48,926 59 225 26
August 34,770 4.2 189 1.8
September 105,024 12.6 369 55
October 62,078 74 259 3.3
November 64,078 7.7 264 3.4
December 98,529 11.8 352 5.2
January 88,303 10.6 326 4.7
February 91,463 11.0 334 4.8
March 60,765 7.3 256 3.2
April 72,771 8.7 286 3.8
May 54,863 6.6 240 29
Total 820,556 98.5 3,301 43.3

RIER VAT L AW RREL, EiEERcoRMMAE R 2 L1z (2) »

HAERT 820,5560 & FHE STz, THIRDOEENIAR L 7 CERT 256, FRIDOHEEE
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244 (IR LIZEBY FIRERZATY, BRIt o —F7—va v 7m—
JEEEDJEIR(L) & RV 7 RE(CHDBRZ N (6) D& BV RO, ZDHUI,
JEEEEE (1) 0.01-0.45 O#FFHZ Y CTixed bR E(CHERE LTZ, £, B
(A) %, X () KO 8) I2Y I 5D Z & ChliizAEE o, rad/s]&OHE
HREL[Rs, rpm] 2 kD70, I 512, B S MV ZR5(Cn), 0.75-1.0 m OHEipH
D% MEE[A, M2 & 5-10m/s OFIPHORGE [v, m/s]ZX (9) 1IZHTIEHDH 2
& T RVZ(T,Nm)Z KD, JRHRFEZ S, bV (RE, RIS HR L, EUE,
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Fig. 5.7 Relationship between rotation speed and torque at each wind speed and
Air/Water pump characteristics.
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Fig. 5.8 Relationship between wind speed and rotation speed at each swept area.
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Fig. 5.9 Relationship between amount of pumped water and swept area.
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Fig. 5.10 Relationship between a month frequency of appearance at each wind speed
and wind turbine swept area.
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Fig. 5.11 Relationship between wind speed and rotation speed at each swept area.
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Fig. 5.12 Relationship between amount of air supply and swept area and.
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Fig. 5.13 Relationship between a month frequency of appearance at each wind speed
and wind turbine swept area.
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JIEX, Fig.5.14 12" 3E8BY, B X—%2FH L7 /KERSEE S AT L2k
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[ Optimization of the wind turbine (minimization of the swept area) for aquaculture systems ]
Wind turbine for seed production of Zostera sp. Sea cucumber aquaculture utilizing the concrete structures with an air layer
(Results from the demonstration experiments) ( Results from the demonstration experiments)

@® Wind observations ® Wind observations
(Demonstration experiment, Fig.5.3) (Demonstration experiment, Fig.5.5)
(@ Determination of the pumping conditions @ Determination of the air supply conditions
: lifting height and water volume : water depth and air volume
(Demonstration experiment, 2.2m and ca 4,800¢/month) (Demonstration experiment, 4.5m and ca 2,000¢/month)
@ Selection of pump type and pump characterization ® Selection of pump type and pump characterization
(Demonstration experiment, vane pump) (Demonstration experiment, piston pump)

@ Wind turbine selection and turbine characterization

(Demonstration experiment, Rotation Flow Turbine )

l l

® Determination of the relationship between wind swept area and pumping volume (Demonstration experiment, Fig.5.9 and Fig.5.12)
Determination of and between the wind speed and swept area (Demonstration experiment, Fig5.10, Fig.5.13)

l

[ ® Optimization of wind turbine size (minimization of the swept area)

Fig. 5.14 Scheme for optimization of aquaculture systems for fisheries organisms
utilizing wind energy.
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Fig. 1 Top view of the wind turbine. Fig. 2 Side view of a wind turbine.
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Fig.3 Relationship between the tip speed ratio A and the torque coefficient Cr
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