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Efficiency of Axial-flow Turbine in a Wave Power Generation System

Keiichi UEKI**

** Research and Development Center, Tohoku Electric Power Co., Inc.,
7 2 1 Nakayama, Aoba ku, Sendai shi, Miyagi, 9810952 Japan

The main type of wave power generation system now in use is the oscillating water column type.
Most wave power generation systems of this type use the Wells turbine. The Wells turbine, however,
is a low efficiency turbine. A non Wells turbine wave power generation system has been needed
because of the bidirectional airflows of the break out of the surf and the backwash. An experiment
regarding the practical use of an axial flow turbine in a wave power generation system has been
performed at the Haramachi site continuously since 1996. This paper presents a summary of the
efficiency of the axial flow turbine in a wave power generation system.
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Table 1 Specifications of wave power extracting caisson.

Design wave height 7.3m, Max11.2m
Design wave period 160s
Dimensions of caisson | 24.32 ™ %240 ® %2085 “ m
Number of caissons 2 (Four air chamber)

Hg, 3 Tandem type axial -flow turbine.

Table 2 Specificationsof turbine and generator.
Tandem type axial flow turbine
500pm [ 1000rpm
1445kW, Max3625kW
36for one stator
241mm
53 for one rotor
274mm
Max. 1517mm
Aluminum alloy
11970kg
400V
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65kW 130kW
12 6
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Fig. 4 Airflows of wave power generation system.

—125—



688 WAFEEICE T BT S — &> ORI 58

F EWOBEITITF R LT, K& Sarl
DY —E L >EFEEYT M>EHK->ZER A 28
LS, [EEAMMADSYEFE UTHEES 3.

Z DFEREYETIE, [FEBIUEIKRDKERS 7
THKT 22 LI X >T, KIpHSER MREE, DOF DB
RERFIRREVEGIIIIRTES. 20D, ¥
FLBSE LRy —E I LT, FE - 51X
BUSEIDZET AR U= c— A ST S8R,
BRI SR T IERDTREL 12 .

X151, AKFPEHEARFDERRSY —E DTSN E T
LI=bDTHB. KFEDTERIEERAFOMEEE K= L=
BE, FEoZESIE, MPARIOEEESY Y b

(Positive pressure airreceiver) H>5IEERIY —E L DER:
HEo#E > K& i, ARIOEERIY—E i3kt
D IEFRFIRIC L b Zeudifn .

5 ESWREDZERIE, R&h &K ERIOE RIS —
EL OBR>EE>ATESY 7 b (Negative pressure
airreceiver) &, IKFEDSERITERFOMEES Fi=
UI=5E, [EFEIY —E AT BRI F
BRI & b ZERUEFN R .

ZDEHIZ, KFpEHH LRIl BRI N
BIZBWTE, & o7 R8RS —Y U Z2iEE T 2295
L, Y —E U EHRADSHA UEBEICHN S A%
BIRER S — £ DZESRN L [FRRIZ IR 5.

ZHTR LT 6L, KFEDKEZHIL, KD
VREE Gl U =S IR & R Lz b D
THD. ZOHE, EFEAY—E AR FEARE[E
FEINES D SZESDHRND DS, ZEEOKREXIZL-T
&, KhERIOEERIY —E ACEHZE5h WL > &
LeEZ NS, JORDZERTRIUL, ¥—E A
P OEEANDFENE IR, RS —E Oz
SN ARE D, B, SIS, KoK
Uiz simE DZesiin & 725 18, EFERIY —
EATH L TRGRID S MEARDZESR DN, EEIY
—EUTHARDZESIDFENL D & T 5.

Z DY A FFRNOEEREGNL, KTITRULELS
W23, 22T, ¥—EUOREE, ELRMICES
SINREREICH DI, REEEIRELREIL L
0, {EHERATIZIEE S00pm —E & R 5.

X 72BN, EFEORMER L-REETIE, Mot
HE C, CHR AP SRAT 2 ARESTIL, ¥
— B U ERITH U THEXEE W TRAT 22850 e
”bh, ¥—ErOREAFIZTL—F & UTERT
BEEZ NN, BEEETIIEORRICE T, A
TEEKROTSE - REHSHEZ TR TS,

— 126

Positive-pressure

Atmosphere

Fig. 5 Airflows into tandem type axial -flow turbine (using
rectifying valve).

Fig. 6 Airflows into tandem type axial -flow turbine (not
using rectifying valve).

Stator blade

Fig. 7 Blade arrangement and velocitydiagram of

axial-flow turbine at reverse direction airflow.



WIS BT Bl Y — © > 0L YT 2 i 639

DR, ¥—E UEHRCHRAT 22RO
FHEHE L < #HL MEITIE, ZE5GROMNEE Wold
MONIRE /51 (BRAT) ICEDE W,DE Iy
—EVEBRICHEISR - TRN, 7L—Fhs@hie
WIREEDSHARS T & S

LEDs-T, BBacEinsn U=t o hnze
KR LB TL—FBRIVNE L, F—E kb
WZXH—E L L hEpRThiuE, BrfrediaLi<
EHY VT LRIRY — AT IREITE Ry —
vrEZoND.

4. TORIRTTREEN & =%

RIER L, PWRIRIITIS U= % h 7 2. %
& R TNWDDS, FERRIC BT D RE—
YV URIDEIE, I FEAED I mMLUUTORT, BEESE
RHIBOLW T O ARREEIE, BR2miEETH o=,
Z D=8, SRIOEMHIERL, 1T& A L EHRRH
TIFT A TIRERAID 500rpm TERBEL TN S,

4-1 MRY—ECORRME ASBEYREOE
BIEERT— DN, FEHOWS % H
BRICITONS., Z0=8, REMOEIIEEISEST S
FT, HEF—YhEHIINRNL. 22T, ¥—E
OREFA RS 2128, BRI O&2EHL T,
2 —E UREIRD IEEB LUEEIY —E U ALEE
& B L E DR EICEET 238k % 1T o 7=,

C DIBHERZXIBIZRI DS, FEREIT o I=RDHk
FIEE—) U RTCORZFFEIE 091m, DS 63,
IKFBOKEL 10om, ¥ —Y > - REROEIR O
500pm T3 5.

K8IZHBWT, EEBIUETIY - DEF,
W - BIERIC I o THELZBDTH DD, ¥—E
IR U TEA RN & T2 A% 7S Z2{jile LT 3.

g

10

N(rpm), O(%)
8 & 8 8

o
1
-
[z

12 24 36 48 60
Time(s)

Fig 8 Starting characteristics of Tandem type axial flow turbine.
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