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5. Turbine Power of Pneumatic-type Wave Power
Extractors Utilizing Caisson Breakwaters
—A Study on Development of Wave Power, 4 th Report—

Shigeo TAKAHASHI*
Satoshi SUZUMURA**
Kazuyuki MYOSE**

Synopsis

A wave power extraction system is under development at the Port and Harbour
Research Institute. The extractor is a wave power convertor of the so-called Oscillating-
Water-Column type. The device is essentially a caisson with a large submerged opening at
the front and a small nozzle at the ceiling, which is rested on a sea bottom. An air turbine
with an electric generator is connected to the nozzle. The water column within the lower
half of the caisson is caused to oscillate vertically by the incident waves through openings,
and it induces the compression and expansion of air mass within the upper half of the
caisson. The air motion generates the high-velocity flow through the nozzle, which
activates the air turbine and generates electricity. The extractor can be quite easily fitted
to a vertical breakwater.

The turbine invented by Wells is selected as the air turbine of the present extracting
system. The turbine can produce rotational power of uni-direction without a valve system
even when the air flow reverses its direction. The performance of the turbine is characterized
by a torque coefficient and a pressure drop coefficient, both of which are the functions of
the attacking angle of the air flow to the turbine blades.

An explicit theory without any empirical parameters was derived to predict the con-
version from wave power to air power by Ojima et al. of the same institute. The theory is
extented to include the turbine and generator system utilizing the turbine characteristics,
ie. the two coefficients. The extended theory comprises four differential equations, which
can be solved through step-by-step numerical calculations. The equations can also be
solved analytically with some approximations when the incident waves are regular and the
rotational speed of the turbine is constant.

A series of experiments are conducted to measure the torque of the turbine by the air
flow generated by regular and irregular waves. The tubine in the experiments is controlled
to rotate with a given constant speed by a D.C. moter. Another series of experiments
are also conducted, where the moter is used as an electric generator with an electric
resistance. The rotational speed and the generated electricity are measured in the ex-
periments. The results of the two series of experiments well confirmi the validity of the
theory.

The theory and the experimental results as well as the design procedure of the turbine
are presented in this report.

* Chief of the Wave Power Laboratory, Hydraulic Engineering Division
** Member of the Wave Power Laboratory, Hydraulic Engineering Division
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Ny A—BDERTIE, ¥FTEAHMLTD.C.E—F—%
Bbol, #—EvkEEI®S, cOLED C. -
2 —13¥ 4 Y R 2R X - CHRHNCEER Y —ECE
FHTEMTED, k¥, BREROLTRRARERET
HIEL T 5B,

mEA S — R E—CEVEMN2BE 1BO2ER, 5
¢ v o EEHIE 1500cpm & 3000rpm TH 5, BREEZE
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LDTHB, HEGKIZOMND 2EOLDOHMOHIO 1 B
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5. OHIO | BOBEE, £ a0 H25°fHET C, O
KHBET DS OD, REFTIE a; DRIME LI C
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E-1311 % — € VHRYRTHOT, OHD2EBDOH
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ATRABTODHWIIAEL LT, BRARETLT
W5, 2HOBEE 1 BOBELHETHE2BOHH
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AFoit, BEREOKBMOEB 2 Ehoe — v /&
B& aded [SMREEMNUE) 2RV TEE 7 — %5
BL, 3L, KBOEEL # — © v OEEE OFEE
EERLT, #-EVERBRYET AV ~-FTROESR
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OERALILEL, - € VRBEBCID 7 —TREE
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ZLTHAR e D/ A DLOEKHOEEY wy &3
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__1 % kB
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ko EOEN (REMEOBAIERHEOKED
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BER EFF, BERRELD,

EFFg=W,/W, 23)

(4) BERETEHE

By —hHLRET —~OERL, K12, (13),
UDFLTQLERFTIRDLISB, Ticbdb, AfHHE
DOARMER L 4 DOFFPHEBRYM LR LY, &R
BAROKE, EH, BESIOCZ—EV/ORERARD
bhd, TNLOBEHYFRAIBH T2, Bk
SR LRV, BIEMCEREA » 7L RHL
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BAAIERA2), (13), (14)%F L T(21)% Runge-
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B)D ; 125~ VDORBERBRS LB/ LRI HY AL
b, @ X MADCEETHY, Tiebb, ERMOEEEL
F—EVEEROBRETH D, Th, RQ@DOD Ty 3R
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YH—EBER O, EXMEEDOC— 7l won T X
> THRED, EXTHEAEOBECIE, Ao — 7 E
D1/ 3RAMEHAAED 1/3/AE— 7 a1k THET 5.
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bix, EBRKMOBEOBHEEERES P L 7 FE
ERHIETHDOTH D, WX > TETIEEERLESR
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BOM eqwp TH DY, eqwp i,

f0p= :!:eggop\/%«/lp—*l @n

—220—




BEHRBr — v VEBBIhcy = A X2 — EVORNGFHRE

B BREZ-ECORH
(2 —EDEERN)

(FUROBE &’ / €J-—

i (BE) =awm (E131) ?

27 t Cun ‘D) c
(Eﬁ@ hd

a tETFJ))
RER

m
3
£3

Bl23 x-—¢€v-v—ofRtEE G

TEINhD, / ALOBREF—EVOBEOERHE
NELWETBRELIE, co & cp MELWI ERE
Do b 0=10 ETBHE, c& epe BELWIERT
Do Tibb, erp CELV/ AAFRRTHIUL L —
v ERULERHDEORS, CORREEM/ X
AMERBERD ¢ TET, L, o REERERIKE
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EEREDOFNHEML W/ NEL B D5V ITABEL
A BRUBOBELRND, RAEROHEEL, FE 3D/
AAR L HDERBRTIRED LI, TOBERIZEET
Te\re T2 L, AHOBWEEHE - TEVWZESED
NBLh3zZEREY, r— Y VORFERERRZL
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BEHREy — V7 v BBIhicy = A~ X5 - vOlNEHEE

T : 1.0
—_I.-O T I 701 | Double |Roler T:.ubine S Ezp oL _
EFF, ausgol \ Imegular Woves Cus | 0 |I——| |EFF,
0.8 . (°) \\ h/Lyy=0.181 , Hpy/h=007 LEEA ] 2 I Curs
— s50f \\ 4 05
o6 el e A0 AN
/// .~~~ Double Roter Turbine 30} < NS
_- - Irregular Waves \;\\‘ﬁ—:\r—o-—__o___'_a__ 1 00
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auss %ﬁﬁ‘é‘ E;(P CAL | Double Roter Turbine
<53, CF (BB | e
@ ©— s WAREERKE S/ X B0E 20lf6istTe|—— -
0llq | e o

-2 fFE I hic ©— 7EHEERE pun %, B E}?% - o /;/
WICAAD 1/3BAE— 7 aus BEE>TRLIHO oomlel—l | o227
ThHbD, IcIEL, =D P13 Pigﬁﬁﬁgol/?)ﬁ* E— 10+ //L// -1
PIELEAD 1/3BAE— 7 SRDTB, BFI )2
REFERRRE TEL o & a DELLBERIRL '

. 1
T3, BOBYPORBEE L TEERC L > TELDE 05 © ) 30 20
BHHH, EREKMAROKERLE I —RL TV, Hys (em)
FOREIT &' =pes e DBRICLZEE /7 X1BARR 45 1/3%70f CREIE 28)
HRLTC 5B, &ffi/ LB RIX1/125~1/250DE &
%o
.. 0.05 T T /'

B-433 B8R B/ Lysk el D Hi3=30am TX—E YV AL TP AL A |
1B 3000rpm D & & 0 BEMNBEE 75 5 b L Cun [FSZO Yy /4
EADTHB, L, BEHEDHRDIEME/ X5l e | T g y/

DR L >TRATES L5 LE, R0 3 A0S oo2gs— S S ]
BEIF|TT -/ ANERTEBLHRERTIOTe 00! Hoors [ |— y 4y N
=1/75, 1/100, 1/1500BE&TH 5, Effi/ AR or / '@//lowb'el Roter Lurbine ~

rreqular Wovi
ERLTRBL, / AVRROBRE 5 — & VRROK ook BT Weswen ]
BRESEMHRL—KLTW5, Tihbb, THRAKEOS 00265 0 30 20
AR, ERHENOEENLIR, -V Eikhn Hyss (cm)

Br o/ At LTIVEBbh3,

(3) ZEAT-MHE—-EVRT—~DEHR

E-443#Eicz — € vOREGRNT® LD, 1/3RAY
— 7308 ans, FHIPALIEHR Cus BIU 2 -V
R EFF, %78 » b LbD TH B, 1L, Tis=
2.53s, His=17Tan DHETH D, EEEOMME &
BT aps DINELIED, Cus DNEL LD, £—EV
BRI anss H310°~20° & 7 B EEEHAS 2000rpm {35 T

B-46 FH b s RH CRRAE. 2BD

Bhiis, MbomGtEETHH, ERMALHT
ERFETRS—HELTW5,

Bl-45 3B ERLY L D, ThXhoBEOFHCS
WTHADL/3RAY - 7{H aus DEALEZRICHDTH
B 7ot LEGERIZ 3000 rpm DA TH D, HEHK
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BBELK - HHRT - PE—1T
LO—T1 T T T T 05 T T T T T T T
08 Double Roter Turbine His/h 1EXP] caL
E?f; 3 Irregular Waves O.f O [=-m Double Roter Turbine
06} Ne rpm gi : : Cua/s, Irregulor Woves
04r .
02 =v—(,——r—°——i-——~a_*“\ - 0.4 c
0o 08 010 02 03 04 0506
_0'4 | oo e h/Lys i
-o86f N B 03
-08} . .
-10 19 1 g 1 !
007 ol0 02 03 04 0508

E-47 -3 (FHRAUE 28)

EWIRE aus 2 KREL, FRAMNRL B3 E at1/3
BARERBEACHD, HPomBITHEMTH D,
FREL I —HKLTWD, ZORELHRAUFEOBE ORI
BE-38LHHTHE, H & am PBIRE Hin & aus
DOBIRAR —FT 5 Z £ 2l B,

B-481 AR FEH AL 2B Cus e TRy P LD
DTHBD, ALK EVIZE Cus ZKEL, EEHO
BirERELS BEANEDOND, RbDFEEIIP
RERBOKERECS (ThbbausiAkEWEA)
TRRMEL VKRELBHARDD, ZORLHE H-
6D BAFEOHEDOFH + 1 7 FEOREH~ND L, &
HRHEEETELULTW5, 2L, BUBROEEEF
HABE OB R/ E & 2F LHBRDONWT Cim & Cuus &
PHETDH E, Cus it Com DI/2BETH D,

BR-4TREEC A/ L1l Y, ZF—EVRY T r o
PLADDOTH Y, EEHH 3000rpm OBESTH 5,
WEHI0em TIX 2 — CvRRITITEALBRAMER LD,
FEEH 20cm TRRPEL, 10cm TlHEL-TLE
50 THIXEAED aps DEMADIOHETEB LT
b, H=30cm XA, 23 53 aps #1152 520°
ThdTELrd, T7bd, HiBEH-22CH VT aus
25 H20° T2 — EVHRRBRE LT 5, X
FOMBRHEBETH D, FRMEAEHEMER LKL
Tw%, ZORZHAUNKEOHBE OHE B-35(1) & K3
5E, THUBEOFAPLLHRIME, ZHIZFHEOR
21 22 R B LR X 51T, fo& 2 FEAIED
BE amm TI2°TX—EVRRINFREL Y, FEAKE
DEE aus BR16°TRAL LB L5, aym & EFF, O
BIfRE aus & EFF, OBFEAP LRILB 1D TH B,

@) FHrA7EEE X - UHR

BI-48i il M DB A — 7 aps k& - T, F
B I2BE Cus 27 ey FLEDDTH B, MbD
HEILATIBE-20THRAFH b A 2 FROHEMTH B,

0.2
A/ Lyy | EXP
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0.141 e’
0.114 <
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t 027r °
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o.114 )
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B-49 #—-©vHR CREA 28D

HEBEIERMEL ) RRKREL, B ans BAEWE
EXDENKRENL I THB, HAUEOHE THHBE
-86(1) TAHA X S5, ERMEOFEHH EIHEMBL
<, RAUEETHAUREEZRBRERYTTC &2
2%, ZOBEBIIRILYD, BRMHFEKE,SHHETS
BELHUATIHATIE, Boh3 A7 RENFLET
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BNRBr— Y vEBZBIh Y = L X2 —EVOHNGFEE

F-4 FHABCIB&E— 7{HOEHE

EXP CAL
max/% (cz)Z 3%3) ((2)1 (1)33)
o | s i | @om
mean/ ¥4 (82 3%3) (gi 333)
1%4/AVE (I: ggg) (g: ég)
max/ % ((l)i %411) (<1>Z 8‘;2)
o |4 O | @i
mean/ %4 (81 570> (81 oi8)
Y5/AVE - ((2)2 83?)
max/ % Gim | @iden
w | 5| &8 | g
mean/ }4 (8 ggg) (8 8?%)
J5/AVE — ((2)1 (2138)
max/ %4 o ‘i’??) ©.072)
.| Qo | o
mean/ % ©.08) ©.029)
J%/AVE — (<2>I 090)
max/ ¥4 & 109 0159
Tut o/ Y% © 5 © 333)
mean/ Y% (8: ggg) (8: (s)ég)
Y/AVE (ZZ 23% (gﬁ Zg)

AE[REHAH D LENELDNS,

E-49ixAfic 2 — ¥ VB EFF, 77 » bLID
DTH5b, DhDfaB, 78 K-22 CHicxr - vy
ROFEMTH D, HEMBIERBEORELBRLEE-T
Whe ToREL, auss A 20°HHE F TIREHEE & EEREIR
KBRS —HRL T35,

(5) AR X 5EEHE

AR B SIS, BRI TEHEPREN LY
— 7 {HTH B I/3AMELF T, BRKAMER 1/10izK
HESLIRDEOFEFHELICET XETH 5,

=413, ZEHH Wo, EN p* ZBRHE wp XK
8 p*, FLTEA 2 Ty ©DOWT, ThXhOY—7
DX RLEDDTH D, EPFDOEXPOIITHER
AoV ¢ SilaEEYRL, CALRHIAHEYTRT,
TR L, RAMBERCY > THURELTHD, T2

RULEDRIOBECHTAETH D, i, wy DERE
2T TRBRKC L ORKM 5t ORDTED, wy &
P ORFOERMBOMOBEIR L LD, ¥, A7
R ESENEE KB SOOZEHFER LIETS
%o

FEHI00FE DB A OTRFANE OW R OB KM Hmax &
BEBBEH,,OHOMEEIZ1.59TH D, Hin/Hislk
1.27, Humean/H13 1% 0.625 TH B, &5 LIEEROE
IR L EREOEEBICOVLTHD &, KA PEE
BERERLTHY, EHXRRPRAEL, BEREHZED
IhkEv, gt rsRZERENEBERBELE-
T3, ERALTEEYRET S E256HTR—K
LTw3, KL, 2REIERMAEL VEBHEIN
Vo TDEY/ XLOBREDERIT X HRAMkRERELN
L, EFERIS—EKLTWABZ Libhd, AL,
7 ANDBEOHERRIERBRECHAEBEZIL
HEELTWBN, 2—EVOBSRREBHREYHLL
INXLTEET B, ChiLE—EVDBRE, BHAEER
ENESHENKELABIBEREL Y, EHOHK
HLLHEHEhBELLEELZLRD,

5. RERR

MiZEoxB<TiY, D.C.=—2—-T&—EvEx—EMN
BIHEL I LERYTo, 22T, ZOD.C.
-2 —¥RBHLLTFIBL, B-500X5CZhK
BERAMYERL, REBEEREYT-, 2O0E—F-11
RBEE L CIXHREIMEL, HTFLbs—EvHNED
FLHEALTWBERT LV, L LiEhs, BB
P EDLBHEFNOFUBELHIHL, VA XF-F
VHRBEL LI IO XS EHERTHIYENTS
HRTEREYERBLI,

5.1 RTEROHHY

EH T — 2 —DEERETRT, £— 2 —BFETH
FEONIWIDOTHY, BT -2V TOREIRE—

3
sQ‘
. =8
' 4 o A
£ 2 x o
e Re o'
~ S 8k
Rs=1030 S

BE-50 REEHRE
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BBELE - HNBET - PF—1T

%5 D.C.=—%—0D%EK

Type Low-inertia D.C. Motor*
Rating Power 401 W
Rating Torque 13. Okgfcm
Rating Frequency 3000 rpm
Rating Voltage 68.5V
Rating Current 7.4A
Inertia of Rotor 1.41kg cm?®
Voltage/Fraquency 18.7 mV/rpm
Internal Resistance 10302
Friction Torque 0.319kgf-cm
(0. 0313kgm?/s)

* Yasukawa Electric Co. Ltd. UGMMEM-13AA1

EVOERIHELTH T /MR, £ — & —QEIERD
ERER 3000rpm THBH, & — ¥ voREERIER
BRIV E—2~DEEBRO 25D, F—EVD
ElEEIZ 6000 rpm F THEIRB, £ — v vOEER
LRBERE E, L 0BRRERBTH D,

E;=0.00935 N (V/rpm) (32)

LB, BURER LWL E, ThbbBEFNERL
D& FIXBRIRT, BB A RAHELT
B<, ==& —DEE A 27120.031kgm?/s2 TH 525,
ZOfi b 2 - —RWMTTEOERE L L ARE
LTI, ZOLABEEIL Y OFFE Ty OHIEE
i3,

Tqr=0.0611kgm?/s? (33

THbo

T — 2 —TEHR Ry ¥ ERTHEB ihb, o0
BURCRETD BN RE 7 — W, THDH, 2D&
&, T— X —ORHFEHR (R,=1.03Q) L »T—&D
BAVABCEELT S, COPNIEFEE 7 - W &
RENST7— Wik, BEREERBE R X b,

Wo=E,*Rp/(Rg+Rs)? (34

Woi=Eg*Rs/(Re+R;)* (35)

ERIND, BERAV—DOEHE Wik, 20 Wy &
BB LR IDRK T - LOREHTHD,

Wi=WyitwTyr (36)

LB, LT, RO W RBEMITHEILS
RT = We ' Wi & W, Df1E LTRD SR, & (23)
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E-52 REEOHR
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Aid [-10 R T EEEKMRAREB YAV, £—%
—CEHTERL, EEEIMC X3 RBEMRABLT
2t Tiobhb, BEBORE L BEHERPELI S,
F—EVOREERCEIEREAV—RIV -V
DIAIERFELI, &£ — EVNEEEEKE e oo B
ik, £—EVYDILI7hbROBABZF—E Vv Ay—
W &, REBAUICTHEINRD v — W, E2R—FKL
TRY, E—EVDILIND W BiRDLRD, E-
SUIBBAICIEY Rp % & VI BEERNY & T Wy
DOHEEXBETRLICSDTH B, Rpd/hIv gy,
NHEKEVRE W AR EL D Z Edbr s, AN
X ER LA RBRBA ORI ORD I W D EMDE
BRLF LI, SHEMELERELENS &, BHANIZ
WEIHTRRERMENHAMBL v AEL B EHAND
%,

B-521% W, & Wy Ol THHLBLRBHURY T
YOTH Y, MOREFAKCHEBLHMECRL, HE
EXERM TR LI, BN WY, EERSASE
Wi EFHRITFE . Loz, BBV —AKEN
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EHRBr— Y vRBEBEIhKY = L X2 — £ VvORHTIEHEE

B E T ORETIIHENE . FHHEMEEEREY NS
L, ERAPIVWEZAHTENTEDDLIRS,

4, = -REAYEHL, EFEERMCL->T—
SEEY S ThW e, BREELEDEEL-—EVE
RBEIB A CEERYHL, BECRELETS, 20
L, 2—-¥EvERBEBOEH,

1,,%=—qu—r.,l—Tqu (37

Lich, T, Teg & Tq DFHE Woe/w TELL,
i, Teuliz—¥ VB LS R rEETHEE
EHEBETH A2 THY, MERRETES, Liiis
<, K@) OEDE do/dt BRDOIE, £—-EVE
REBEOEH E— 2 VI Ly RDORB, ZORRL
2 — &} #v v3RE (Coast Down Test) L FFith3d
DThH, 2—A L+ Fy VEERY, DHEERRKS LUK
X 3EESOB 2 TERLK, BSR4
¥ }Mi3.0. 0140~0. 021kgm?/s? DRIICIE ST B A1
SEHIRIZI20. 0187kgm?/s? TH o7,

feds, RBEEROZ-—EVII2BOLODLTH %,

5.2 RICL3RE

FBE-25TRT L O RESECE 2 FAZE, D.C.
- ¥ —REAYEGLTREER LT -7, #—EY
BERERILAMEBELTH3H, BofFAL LD
CEELIILD, BEEEE LD, XL, BERdUhS
W E, HBRCREANAIIVE ZRIBEREBECED
Hed ot Bk, CTTHAWRL2EBOF—EVIE, V)
Fa T4k e HERBBHTROTVWHIOTH o7,
#L, ABETRHTEDEC OV TRERET, BE
EEEY R ET S, FAIBHTARNYES 3@,
FRPAFEH 1 EEHTH D, WThIEEFEEELL->T
M, WEXEBLTE Y, R THOBEYHRTH
FELTV 5, ASEOWEBRIEZEMNH O 2 A0 R
CXBKEF — 2 ¥ RBHELTRDL, ERTIER
EH ¥ 5 ~50Q0RETEILEZ R T 5,

E-531X T=2.5s, H=23.5cm OHEDRBERD
HEEYTRTHDT, BHER Re ¥ BT L-TH ¥
YOEEN L EBEOPDEYRT, ERFOORIZEER
HOBELTHETSHY, OMIEY—7HETHS. I
EZOEITNEL, BEROTHESREHNEWZ EN
b b, BEROEHEREHRINELEDBREPSL
%, TROZBRKWNYHE EFF, 12, BHOELITH
LTHE WERT, - VR EFF, CRERO
#R EFF, dAZRBLAE, KL, #—EY
BRI Rp=158 15, RBEOPHRIL Re=10Q D&

3000 T T [ ] T
Double Roter Turbine
N Regular Waves
2000 }-47L=0183 T —
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1 1 1 1 T
18
EFF. | EFF, | EFFo | EFFas
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N [e] o o o ° o
EFF
06 _
o4} \""*-\--________“‘“ N ]
oo o AAETTTTTY
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o JN  ——
o el g b 1 3
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Re (Q)

R-53 z2—t¢voEERIHE (REE, T=
2.5s, H=23.5am)

5000 T . ; -
explcal | asL |#sn ) Electric Power Generation
P 0143|0325 Double Roter Turbine
4000 M-~ Toosriosso| D-C-Moter ° -
N & |——jo14t|o30s| .
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Re(R2)
Bl-54 % —¢ voOEEHR (REH

Fev—skieh, HFAT-DLBRAT—NORRE
BB EFFa, ik Re=2000 & ERE—7 LTgoTH
b,

AR F R FhOHEMHBTRLTV 3, BE
BOFHOHEAMIFEME X —RL T35, B
E— 7 {HIRAEVL 5 THD, CHREEREOFME £ — 4
VM, a—AFEY VRRTCELRLEIDAKED-
DOTIREWrESEL GRS, i, HROHAMEY
2B L, PRRBWOBPREH\TEAMI H HEBAEH
By, chiz, EEELIC I H>REHFHIERERT
otct, 4. CTRNICERYT, FLTREBTHITLS
RREBRNT -7ctodd, REBERFITIILETE S OEEN
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BRELE - HNHT - WE 1T

BRLUTWAD TR EELLRS, &k, TR
TT - OBRAT -~OFBRHRY 5 BBRE &KL
B, TTERRTWB L5, RBEIID.C.=—x—
PERALLEDOTHRIMEL, ¥, 2BOF—-E VT
HRMEVWZER I B, T TCREVWTRGHRYESL =
EXEBE LT,

BE-541x T=2.53s, H=32.5cm, T =3.5s5, H=
38.0em B LU T,3=2.53s, H;1,3=30.5cm DHEEDOE
HRBE LS BO 2 - CVOREHRERKY RTLOT
HBo LD, EHMEI NI G EEIEIIIEL /5,
T =2.53s, Hi,3=30.5cm DAHAFE OB EITIL Rg=
QUTTRE—ECVYREBLELTLES Z LMD T,
AR EBERRL TS5, ERERHEFL v X
&\, Zhid, BZTEOBRC I 5BRENHEML
KEholfdiErbhb, MRIZRL T,
BEEHOBEBHIEIEREDHAKE . TRUEOES
21k, RRTREROEERIFEHEERD 2 #RE T
Hotctd, HHETIIEREL LB, Ry, HETH
WicBlEE— 2 VERREBEODLD X h/NIWHETREME A D
B, Te¥ll, BEORBECREMHEE— 2 v MZELK
KEL, BEROEBHREATHAUE TH >Th/PhE L
Ezbhs,

6. BH~DOFH

(1) #-EvoRBATERLBERORERE

7z L XK — EVIREDRIEFMEMTHLIS S5
F—DkEE b2, Tihedbb, BROVEUTHHIZNA
Tt oA FEEEREK, A BELBVIEIE -V
BHROBRIIALUTH S, LT, BELHTBE
HEIMAROBERYBMObORFHTE 5,
BhoB ok, Exbh3@HEOTEE
DHEXLPLF - EVOREILH LU THBEHERXTOI L
Xy, BEHLEZRBELE-EVYOAREIDHILEEN
RKDdBRDB, LA LA b, TOEXEHIERCSH
B0 Lo T, ¥TRELZELG 7 —1E5R 525,
BOBREREL, KL REHL L —EvOkER
BRETEZEVCIFHROFNAEN TH %, FOBIC
12, TTORRNALIE, £— v ESMiEnReyRE
DI ANEELZBR AV -KRAETS, XL, £—¢
VR —RRYHEETH L EIL, BADY—-7fEL
SEH L 7 B X — € VIROBBRY BV S,
BR-55 125 — £ VORFLHRE BEKORERED 7
v —%RTLDTHB, Tibhb,

1) BHoNRETHIFEOEUENELLRB E, FhiT
HTHEKEOHTHRED, Sfilt/ ArELTo

awm & EFF,
DBEARE
am & Qo
DEAREA
(BEDEE £/ ¢,) 42— ELOBEBEN

-85 #— € vONES L VOEIERDORSE

BBELBEOR S B ES,

2) =%, F—EVOBRERVVF4T 4 K EDOHRD
RELDDONREZLR, FTOEENELBRATWSE
E, BEDC— 7 amm CT 2 £ — € VIR £rr,
DB (& 21EXR-21) X v, BELAAOE — 2
fE2 R E B,

3) A o AT DT EEERE o OBIR (- & 2
W14 L), BECIAOE - 7 awm KT 25
E— 7EHEEEREK om BSRDBR B,

4) er=¢/pim DRGNS, 2 —EvOHBROBEOL
DEARIERDOND, BREOWHE Aw & ¢ XD
2 —EVORRROBMOMERE A »"KkEH, 2—-v¢
VOBRNBHEE S,

5) 7 ANOBBEDOEKMOEE oim(=c'/er) ¥EL
T, 2~ EVORBEOEKROEEYRDSB, 0
ELREIH am T LTEA—EVOERL Y, K1)
TRAVCTE-ECVYOREF » TEENRE D, Bl
BEEVPRETE 5,

U EREXHAUETHS & LTELLN, FATEL
ETH->THRIEAROFHEL HH T & 5, 1o

L, 30— 7{H am DR HOCAFHD/3B K — 2

8 aps 2RV, aus ©T3 gus Cus X EFF, O

BRAE V- LB H B,
¥, EREBOERIEZEORB LBREO®RES

BORE 1 LOETHB, dL, Avds—c Vol

BAR-THB b, Bz I ¥ WELCEER

Z—EVORARLTHEENTED, BE, £—vv

cREBORERE kW) ¥ho=X ME ZOHAMN K

EVREEL, TEBRT 1 xRE LT EHIERER

Thb, LLiehb, BWEIFERBCEGSR T

B, IpERELTHIELRG 7 —~OLTRBHBLE

DERER LD, 15 CHL T FHERTRNT ST

EBTH 5,
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BHREYr — 7 vERBEI Ly = AV X2 — € v OHTGHHEE

-6 ZERHHEE - vHADHER

Air Chamber I Wave Condition
B (m) I 12 j Tis (s) 7
Do (m) | 4 Hus (m) 1.5
de (m) | 15 W (kW/m) 7.74
c | 0.006 h (m) 10.0
Ip (m) ‘ 10 Turbine and Turbine Power
Air Power 2R: (m) 1.54
EFF, (%) 179.3 N (rpm) 810
Peak EFF, (%) 40
max | 1/10 | 1/3 Peak
7 (m) 1.06 | 0.81 | 0.61 max | 1/10| 1/3
p* t/md |1.12]0.64 ] 0.45 | @ (D 32.2|25.4] 22
wp (m/s) | 132] 100 | 85 | Toulkgm¥/s?) | 2284 | 1277 | 921

(2 HEBH

AKE10mOHLB T, BHER His=1.5m, EHER
MT1=7 sOERHL, ERBOETEXEIW|TT T
KB L. ZREOHEEDA4m, »—F VYV +—2
DOBRKFEE de 4 1.5m, EKEEBH 12m D & THRK
80% L LG HPRELD, ZRBOEH6mTD
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