EiEICB A/ Mo —F—y g 7m—
Z —E OMHEREFEA & Y
Y R VX —REF e ERR Y

Performance Evaluation and Feasibility

Study on Small-scale Rotation Flow Turbine
for Low Flow Velocities

2019 4= 3 A
/.



EREICBITA/NMIn—F— gy 7m—

X —E L DOMERES

Ml B OF

HFE T R VX — BRI FTee iR Y

Performance Evaluation

and Feasibility

Study on Small-scale Rotation Flow Turbine

for Low Flow Velocities

SARTRZ R FEBEE T2 FER
HERIERE

Bt

i 3C

b= (11|

20194 3 H

L &



i
o

3-1
3-2
3-3
o U &

4-1

o B ettt e e e e, 1
BT LT e e e, 1
TR« VBTRFE BB D BLIR oo, 2
PN D BB oottt 4
L 1 e 6

T VR e, 7
FEBRIE I e, 9
FEBRTTIE oo 18
B T e, 23
JETRIZEBR oo 28
FEBRIETE oo, 28
FEBRTTIES e, 31
B T e, 34

T AR RIS DRI DOFATE » TETE oo, 38
FBRIEFT ETITE TS e, 38
BT T e, 44

FEEZ s 76



.76

80

81

83



1-1 FIHIT

T HIERIR R GIZ & D BRBEAEAS M & 72 0 | AR /L X —FIHO
HEMPwROND XD RoT& e, HAEWVREREBART X LVF—2 MM 5%
BHROFT, KNEEILELLHNIE2/LTENTE, BRICEIT HHE
HARE AT LE LT 2 0FEDERNH D, ENO KRB K I FEI I
ZOFERFEE RO — B NS E LTEY, ot iiHEeR ) %
EH LB IR ZERDOER SRS NTETWD, £, F/NKIFED
BB B IIML CTE Tk v, R, BER LETOMRFES, it
E T MR~ OEHHFENILR L T0D Y,

—J7. BARENGFZIIHENTWD EETH > TFFE= L —2FHT
LW MR EIIIREEENTRFITH D, IR - WRRIEE &1L, k7
ETHAT 2 OB AR LI RRE Lo ELEE Tl 2% TH
—bEUEREIL, WET R F =D O EBETFLF—2 ) HT b0 T, HER
RO AT MIAIIBELIZEFR —-TH D, LorL, @YW ORE I &HIED K
m T O BRI Ko TRV | IR E WS OO EES 725 AT,
W I3/ S b O OFITRDR D THRWIGATERR 4 T, #fEPEIZmR <IKFT 5=
ANF—Thd, —MWCERNEO =R LF—2FHTE, BELICHKERE
Hir SN TWD i, FEEIX MG, &EOMERSCHRTHICOIREDN O 5
VWb Tng, £z, EEIZOWTOIGERBITIEE A LR, hoEN
IRE/ERRET L X — T h H KGR BB E & I~ T, R 758 T
holnwzn @

ZZCHIRBEEOREAT EEATICOWTW O T 5, £ TEAE LT,



FATE I T KV 2 5 O TN G MRCTAVEE R TR LT W 0L E L
e F—[EIA A RETH D Z & AARZE OHFUTITEITT O RN T2
KOBHFIET DO RRFIHFTRERBFE T XL X —RHEELTNDL I &L
WETOND, ZO—FHTETE LT, BESCHIEE ORERENNEL Y
FRET U T ARSI TWD Z &, HRE TITGIERICERE T 5 O ChUF T 558
MWIET — T VPR IRD T &ML INTCHFTET AR RN LD FERE=a A
FAERIZIRDBENZ N LR ENETOND, ZORTHERIETY TR
HND &V DA H A T OB E OITIEBH R SN LR TEN TV A K
XRHER LT oTND Z EIXEWR, FT, KIIFEEO AR IIBEC
AL TV DT, it B RO R IR |

1-2 B - WRFEEOBR

2010 #EFZ D NEDO (2 L 5 NEE = RV —RT 2 v /L DR ITAR D 575 |
T AARDIRT R /LF — ORI FEITA) 22GW LIE SN TR Y . 2hix 2010
FEORFENEA 10 fhofsERE (1 207GW) OF 11%ICMHY% 325 © , 7=
2L, EEEOMERORESC, BAZHE LiE (Im/s LLE) 2455405 Hud /e
FrERTHE, BENEANRITN LIGW, FHEARERIT 6TWh (EMED
TEDKI0.7%) LRE SN TWD, ARTHRABWERFTOIEE A E1E, 7
N & TN RIS S 5, B T H WA L 6 b, £, BiRicfEL
T, BARBIZIEEREINRN TV D7), TRV X—DKRT v vl
REWV, RT3 F—OIFEITH 2066W ERFE SN TN D, 72721, FE
ORRERE S, BAIZH U723l (kI 5m T 1mis BLE) #4555 Hilgize &
BERET DL, BHENEARITN 1.3GW, FHEAFERIT 10TWh (ERE

WHEOK 1%) EREINTWD W —J5 0 BRINTIE, R SE 8 i el



HFEMEP L TR, 2ay T2 RIZiE, BRMNOWIS =R —0 25%H3
fFLTW D LE SN TV D, RERSEES (DT ORETIE, LEOH
10 Hh 5T 36TWh/4E (2010 FERF . D TR E DK 10%) DOFEENAIREL ST
Wp O FE e K TIE, KO AR T VY v L1 50GW (2009 AR AR
DFEERBEDK 5%) ERBEIINTVDMN, £DHH A4TGW N7 7 AT IZIRAF L
TEY, KEORT ¥ VTN E W, BT FRIEOTTRAT > v /VI3H
42GW (2009 ERF R DOFEEREDK) 32%) LA INTNDR, £ D 80%IF4
HNCHAE T 2BRE TIZH Y . EHUIRE SND, BT TlE, FRCHREBEO Y
TUTABREDRT U VRRE, 77 T 4 BITHOFENKE
f#H 1,000 f& k> b OWAKMBHAY LTEY, 77 T 4 512H 5 FORCE FEik
EBRY A MEL FHKT5mis oA LD 7

WFZEBRZEICBA LT, AARIZIBW T, 1980 Fhiif 72 &0 « i 5 O B
JE + EFEDTOI TN AN, 2000 FELAEHFZERRFE 13HE /N L Tz, o, PR
SR e
W (2017 4F 11 ABRE) NRE SN2 2SI X W O ETEERMN T TV 5

MEPEBORHERE RS R L » CHFEER O T5HEE7 —/L K] 12 6 8

. WELEFEABITIEE > TRV, HARTITHOIL TV DFET RV X —H5E
PHAS L b2 & MR DI VX — R R T L T D, SR
DOEHLIRDUZ DO W T RNV X —FHEOHFTH, AT Y VO @V,
T & PSR TRIRE D BT\ D, RIS ED TR O3 )0t o = +
FR—EENENA F Y ZATIE 1990 £ HINOIERIL L, A F ) AL%EHLE L
AEER T O = R L X —WFIEBE BN R b A TOIL TR Y | BITEZ D4
BWTHET) - WA EIEE ORI o TW\D, BIETIE, BKkEH
DICKFREHA — I —OREFEEVRHMERICSALTETEY, —HD
PRI BRI K 2 RFHRGED D B To T v N X A TR, TR



— /USRI~ & Be RIS BB 21T - TR 0 . FEARIZIT W R R HR
B kA TGRS TNV AT — AR EEES LT VA ey = OB
BE~EHEITLD2HD @, ZoHhTH Eilkod K 5 ICEIEFERR bk~ 7235071
WTITOITE D . MW RO ELEE bV < O0EIR S TN D

TN OWET RV X —FEONIIRRE Hfa T AARICE > T, Z 0o
WFREF N DFSEZ LITRELS HD, DRORVWEEDOET NV ESEIZTLH T
SIEHERE LT, 2ofticd | FELELZBE L CODWERLICRET 54D
DEBRZILIRNEIICT LIRS, AT T AERHIATA D L) ik
FtE AT FUAFEZEOL O, EERE LB EWENDHL L~ L BT
DINRDORNIFIER EESBILT H20NERD D,

1-3 /NEYEDOEEM

PEAR DGR « WEIRFE BT L, ORI OBEICR O TEBY . B
RE—E U ZREBLEETDEVSERES, BENITITERY —E DT
EEESCE OB L, REHESOHMN S > CTERS 2 HHICIT T A
W@

BARMRBZ AL =W - JERPMLE L SNHBEBO—DIL, EDREA
MONSITHD, LLENLET T, 58] =¥ —T 2T A
B THHENI Z L BIEAEZEDDLREREH LR TNE W, ZET
O AROBIMEAE AT M, HEHUC KBIELRBEHTEZRE L, T2 DHH
BMITEE LT O TRBEETH ) NERTHo72n, ZoHAOMEITHRE
I F 3 o 5 & IRHPHIC E R R B A KITT 2 & Th - T, HAARKERIZ
Lo THRM S Lz, MR/ O S ERRiE CHE IV & 2 A TRE
AT O BUMNEIR S AT A0 BIE, ZO L5 g ) A7 2 RKEE 5 2 &



INATREIZ 72 D
B AT L/NULDO AU b ELTE, RICHIZEFET 2 4THEAHFEOTH 5,

1. DEWTOEYERHE TH D,

2. FHATHASLE, AT T U ARMMMICEHETH L, ARA T F R
ORI, HAMFREZFFOT L V=T BA T T U AETON, MMUICT H Z
ETC—DANTHRHEIZA LT F U RREZITHI ZENTE LA H 5,

3. HAZERHERINTNEND T, ZMERLEIC ST,

4. BHOFHEADLETEY 2 —/UELRAETH B,

ZOXIRIEND, RENBEVHBTOEMNN R - LTHRLSE

TIKED y M VR E RS TO0ERH D, o, kT 503, K5
THWAHL A 2 — e 3G Al 2 — e L L CRiE Ch s L, £z
(B TOZES BV, Loy UREEIEE TIEIFEEL 2/ NS N E NI FREDS
7%,

W) DPRAVLZE R DAL & F7p > T, BRI WA FIEITEN D T,
Z— b OEERIIE S EEITIIAFTH D, S HITKOBEHARENOT, A
FERNCRKAUEREE L <, 72 A RBUEL TH X — BV O ERNBKEL D T L
kD EESEENNS K D, BEELEE S T H7OICITHHEC, i
BOBEHEZFIAT 200320, L LREHMO R E B 352 &0, ik
AR LT L O RFEBRNIOEWREEE TIE, HEELRIT7ZOICHLER b
IPRELRY 2= TEL R, —HIER N OERWIEER TIT, Bl
X ERDRWALDOZRNF—NT L— ROBIUZEDNEENNE TN 5, T
bbb —vrniihaziI TR, BEORRNE DO~y F o VNEEL
2%, Flo. F—E DT —AREDNRRIT2 5 RIS FE B O, Ak
M7 B2EbY DL~y T U T ORLEMECOWTORNIH D08, TOEEMN



O MO TOFEEHT ARV, ¥ — B Ol & BEHDOREIZ OV T DR

Wi Z EENICGHET A 7-0I12i%, #—E O ETANNLEL S,

1-4 BHY
ML TCIE T — VFERR & RJRFERZE L CTH —E OV T O Z L.

HZ—E D MR ONT = Ty M iR EMA L, o, B
BV SRR S MU O Wit 7 — & T 23 L CL SERETR R I oo it i) o0 A & it i
ST AE Lz, MA T, ZNHOMAIZESNT, m—FT—v g 7n—%
— BV E AW KEREBEORFET VEMBET D L & BT AT AR & Wi
T X NNBETNVORERTH & BAAEOGE & i, AR
BEBET AL EENE L,



BE S—NER

RO+ Wi =0 /L ¥ —FEBIL, DA O HUEIC 3B TR D &
NT&ET, KX THRIBT 24, HFHRBEOMRITRITE T 2 DT, fEREA
TIHIFEAEOHIBTHRETE 2V, LL, ZORMEEZFTHT~ AR
BRIE A/ NRIEES AT LEFRET L L2t L T D, BN O TTET
HIBIEMEIC BB T 5 2 & THRROEPEREIZTEUL LOMENZENR D XL 5. Fl
HHET L HEERL T D,
KESLREIZHWOND Z — B NEEHE ) 2 E T 2B OENIC L > TH)
LGN T biIvd, Fig 2-1 IZIEkRDZ —v Dl z~4, AB,C, 1, 2

IHUAHEICD, 3, 4 13 HRICH B,

N

ABRY B 20T CAIIEY D J0~5%

KE@I—E
(/a7 o 58 29RO ayyoaw 4 DefrE Ly
BE#s-E

Fig. 2-1 Example of species of turbine



PURITZE D4 @ Y FFENRIAD & OHU) CEREE 2155 DT, H)
BN ) CERIEER S 2155, — BRI BRLY — 2 KT vy AR E
W, SRR LD O EIE Tl 2 — B O L — 2SR A3 < 7o WRFES
Hb, —H. BHRE - U IMEKOFRECHN LR TWT, mWEEL
TRERNT=BH/EL, o T, TRAF—BHERNRZHNOTT R, KAk

WEBRHTD v 7 p/h & EEBNFFEICRRED B D, AAFJE TILE U E CHRIR
T FRFHIRFHTOMN TH D, ARH - & Fr 7 OREICE S HLIRK
HELTWD,



2-1 EBREEE

1. B—F—Lary7a—F—br

AREFRTIIF A DWFEETHRIEL eV — v 2 Wi on —7 —
varvn—Z—treMfnic, FITERICEIY T L — FIESKEER 1/4 B,
KEDOYEREN —F R0 - 72D LB AREBRTHW - AKEDHET Fig. 2-2 12
AT EIICT L— RiE 30 mm, B8 K, filE 7L — FRLOMENIB ° | &
X 240 mm, [EA£L 120 mm, @5 HIFE 0.0288 m? TH 5, Fig. 2-3 IXEBRDERE

BT - LREERIFEHTS S,



Omm

30.0mm

120.0mm

35

Fig. 2-2 Size of turbine which was produced by lab

Fig. 2-3 Actual photo of turbine with generator and model diagram

10



2. &B=7T1—

7L C—EDFEE 1D 72 DI Fig. 2-4 (1279 =7 51— (ET4A, SUZUKI)
27 L= ER AT, ZORICVAT AERE, E=T I —OEEEHES
L2 ETERETo T, =T I —OKREKDY A X345 107 cmx 2K 119 cmx
20E 65 cm TH Y, Ny T U EzETRERIL 96 kg T EIX 100 kg TH 5,
T OMAEITHEHEL 25 km T, WMABEREIL 2~12 FEHTHHB), 2— R
Dar ba—/Lik2kmh 2 5RRKAE— RO 6km/h £ CHREERETH D, AE
B CIIHERRIR R OMEZAE L CTRE IS LT 2B 57201 A — i 2
km/h (£70.55m/s) & 3km/h (#70.83m/s) IZRRE L=, F7-. EfiEHZHFHT
HIeDICEH DT —H T ) T LB O FEETT 7BV LT0.3
m/s D HF5H Z ENTE T, WO T — X OFRNT D | FRZITE5 % TH Y 78
RPN & LTz,

Fig. 2-4 Photo of mobility scooter

11



3. JEHEME

ARERCTIIARAAE) ML 7 COREERE ATEEE L, SRR L~ CER-OMIR A
INEWNWTAT VADT Uy VX % v TR EM A L7z, Fig. 2-5 (R EHED
SMBLZ | Fig. 2-6 (2R EREDEIE X Z2oR~d, BE 1L 12 o =MATK a1 1z )H
i LANCHLE LT %, [EHE XA T mNCIR C < 12 [HOKARA (24D L
Wi, NABM M) % MOkt BIZERE L, BE T2 A L2 mHlH b et
WEE72o TS, A LOEPUIE 130 Q THFHITF B OINBIZS X H LT
BO, INO0O#REZERTLHZLICELVESIIREO A VEEEETL L
NTED, RERITHMBEELZ L TR ERFFC 2D A LR L7279,

KR OOaA NVEEINC/RD L IEF LTINS,

12



Fig. 2-5 Photo of generator used in experiment

Fig. 2-6 Magnets and coils in generator
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Fig. 2-11 The installation position of devices
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Fig. 2-12 Circuit diagram of generator coils and resistor load
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Fig. 2-13 Relationship of VVoltage of each coil and Angular velocity
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Fig. 4-3 Photo of electromagnetic current meter

Fig. 4-4 Installation of electromagnetic current meter in the sea
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Fig. 4-3 Frequency distribution of flow velocity at the depth of 5 m in 2015.7
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Fig. 4-4 Frequency distribution of flow velocity at the depth of 5 m in 2015.8
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Fig. 4-9 Frequency distribution of flow velocity at the depth of 5 m in 2016.1
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Fig. 4-11 Frequency distribution of flow velocity at the depth of 5 m in 2016.3
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Fig. 4-12 Frequency distribution of flow velocity at the depth of 5 m in 2016.4
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Fig. 4-13 Frequency distribution of flow velocity at the depth of 5 m in 2016.5
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Fig. 4-15 Frequency distribution of flow velocity at the depth of 5 m in 2016.7
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Fig. 4-17 Frequency distribution of flow velocity at the depth of 5 m in 2016.9
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Fig. 4-19 Frequency distribution of flow direction at the depth of 21 min 2015.8
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Fig. 4-20 Frequency distribution of flow direction at the depth of 21 m in 2015.9
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Fig. 4-21 Frequency distribution of flow direction at the depth of 21 m in 2015.10
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Fig. 4-22 Frequency distribution of flow direction at the depth of 21 m in 2015.11
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Fig. 4-23 Frequency distribution of flow direction at the depth of 21 min 2015.12
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Fig. 4-24 Frequency distribution of flow direction at the depth of 21 m in 2016.1
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Fig. 4-25 Frequency distribution of flow direction at the depth of 21 min 2016.2
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Fig. 4-26 Frequency distribution of flow direction at the depth of 21 m in 2016.3
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Fig. 4-27 Frequency distribution of flow direction at the depth of 21 min 2016.4
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Fig. 4-28 Frequency distribution of flow direction at the depth of 21 m in 2016.5
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Fig. 4-29 Frequency distribution of flow direction at the depth of 21 m in 2016.6
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Fig. 4-30 Frequency distribution of flow direction at the depth of 21 m in 2016.7
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Fig. 4-31 Frequency distribution of flow direction at the depth of 21 m in 2016.8
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Fig. 4-32 Frequency distribution of flow direction at the depth of 21 m in 2016.9
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Fig. 4-33 Frequency distribution of flow velocity at the depth of 21 m in 2015.7
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Fig. 4-34 Frequency distribution of flow velocity at the depth of 21 m in 2015.8
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Fig. 4-35 Frequency distribution of flow velocity at the depth of 21 m in 2015.9
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Fig. 4-36 Frequency distribution of flow velocity at the depth of 21 m in 2015.10
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Fig. 4-37 Frequency distribution of flow velocity at the depth of 21 m in 2015.11
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Fig. 4-38 Frequency distribution of flow velocity at the depth of 21 m in 2015.12
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Fig. 4-39 Frequency distribution of flow velocity at the depth of 21 m in 2016.1
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Fig. 4-40 Frequency distribution of flow velocity at the depth of 21 m in 2016.2
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Fig. 4-41 Frequency distribution of flow velocity at the depth of 21 m in 2016.3
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Fig. 4-42 Frequency distribution of flow velocity at the depth of 21 m in 2015.6.4
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Fig. 4-43 Frequency distribution of flow velocity at the depth of 21 m in 2016.5
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Fig. 4-44 Frequency distribution of flow velocity at the depth of 21 m in 2016.6
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Fig. 4-45 Frequency distribution of flow velocity at the depth of 21 m in 2016.7
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Fig. 4-46 Frequency distribution of flow velocity at the depth of 21 m in 2016.8
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Fig. 4-47 Frequency distribution of flow velocity at the depth of 21 m in 2016.9
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Fig. 4-48 Frequency distribution of flow direction at the depth of 21 m in 2015.7
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Fig. 4-49 Frequency distribution of flow direction at the depth of 21 min 2015.8
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Fig. 4-50 Frequency distribution of flow direction at the depth of 21 m in 2015.9
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Fig. 4-51 Frequency distribution of flow direction at the depth of 21 m in 2015.10
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Fig. 4-52 Frequency distribution of flow direction at the depth of 21 m in 2015.11
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Fig. 4-53 Frequency distribution of flow direction at the depth of 21 m in 2015.12
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Fig. 4-54 Frequency distribution of flow direction at the depth of 21 m in 2016.1
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Fig. 4-55 Frequency distribution of flow direction at the depth of 21 min 2016.2
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Fig. 4-56 Frequency distribution of flow direction at the depth of 21 m in 2016.3
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Fig. 4-57 Frequency distribution of flow direction at the depth of 21 m in 2016.4
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Fig. 4-58 Frequency distribution of flow direction at the depth of 21 m in 2016.5
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Fig. 4-59 Frequency distribution of flow direction at the depth of 21 m in 2016.6
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Fig. 4-60 Frequency distribution of flow direction at the depth of 21 m in 2016.7
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Fig. 4-61 Frequency distribution of flow direction at the depth of 21 m in 2016.8
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Fig. 4-62 Frequency distribution of flow direction at the depth of 21 m in 2016.9
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Fig. 4-63 Frequency distribution of flow velocity at the depths of 5 m and 21 m

on the coast of Tairadate
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Fig. 5-1 Imaginary diagram of the Rotation Flow Turbine generation system with Led lamp
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