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Development of double cascade impeller for wave power generator
(Aerodynamic characteristics at steady flow condition)
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It is proposed the new type turbine for OWC that is consists of Wells and Impulse turbines. Wells and Impulse rotors
are set parallel for high efficiency and starting characteristics. This paper presents the results of the numerical simulations
in steady flow condition. The maximum efficiency is obtained at the low flow coefficient that is fitted to the high speed
operation. The variation of efficiency with flow coefficient is small for large flow coefficient that advantages to the
starting characteristics. The split duct is designed to fit the flow coefficient at the maximum efficiencies of Wells and

Impulse turbines. It is pointed out that the geometry of the split duct is important to improve the turbine performance.
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Fig.1 Double cascade turbine
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(a) Flow coefficient of double turbine (b) Estimation of efficiency of double turbine

Fig.2 Flow coefficient and efficiency map of double cascade turbine with wells and impulse turbine
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(a) Wells turbine part (b) Rotor of Impulse turbine part
Fig. 3 Sketch of mesh of turbine rotor

23 A—EVOMREEHEASE
PEREDRHI D72 DIV TW DT EAR D, M ZAREC,, %5y, A= —185 G, DE#ENT,

P O o (6)
Ro ~ pUAR AP-Q ~ pUAU
2 2
ZZT, V, R, olFfFIRAERE, o—% %, a—¥—OMEE, T, ULY—e1Idnbd b7,
BunEEE 2R L, APIZY —E RS, A(= bIN) [T PREECH D.

3. fEHTHER

3.1 tERENSE

B 4 13RO BRI L DB LA R LTV D. FEiIE, —EREAI Y - Thh, o= dIzFE UKD
VI )VAL = NS — B DR ER LTINS ARISE L Loy o)V XY — BT ERE B L 0.1
TR 0.65 FRE 2R L, RO E & HICRBITDEMET LN 5. EEh — v U 13 AR 25008 0.6
2D 0.8 D TRARZN 043 L7200, FNXVIRERBKOMEINE & b2, BONIKT LTS, —F, —&E
RANZ— BT, EREDS 02 fHECRAZIER 045 28 L, ZILE 0 RERESBINT 21250 T, o0
WK TF LTV, “HRSZ—E U, Yo LAY —E VBTN E ZAICRENERD Y, TRERE ORI L
BT, BN — B DL ICEEMECNR T T 282 A LTS, 2o &b, ZEHENZ—EU
T oV AH—E DL HTEEET, DOl Y — B O L) ICETREAIZB W RO EIC X 2B bR
T, FEEICAFTHD EWVRD.

X 51, “HREIY—EUOEERNRESTONEORBRERL TS, KTOMR (AF) (X7 o)L X¥—
EUERY ONREETH B, KA DT 2V RAE = LT A b, CEEN X — AT 2 TR
DRIBIAE T LTS Z El¥bnd. —F, @y — e MmoidkmIRIIELE A EESLT, “HEIIZ LD
EICE DT HED Ao, 7272, MBREDRKENWE ZATOFEDK TR, HTFRELL>TNS.
ZNENOMREEZT T, ZHEI|Z — U ORANEN 045 FREIZNE > TS, Fo, FX¥—ErOfRE)
RBERRTMERED, 7oL XF— o CIEHRRERNA~EE L, Hf#)¥ — e TiX 025 (1 E TR s
INELFTHZENTETCWD. L, £EWY — B OREIROFEEREN—E LT,



CHBEYP) 2 —E S DRFE
CEHFRNFFE)

Tip/Hub=0.47 —— Double turbine

Axial inflow Vel. 15m/s

0.8 - - - Wells turbine
oy
- - @ - - Impulse turbine
5 06 &
2
=
m

0.4

0.2

0

0 0.2 0.4 0.6 0.8 1 1.2
Flow coefficient , ¢

Fig. 4 Variation of Turbine efficiency with flow coefficient for Double, Wells and Impulse turbines
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Fig. 5 Variation of Turbine efficiency with flow coefficient for Double turbine
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Fig. 6 Variation of Turbine efficiency with flow coefficient of each part
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Fig. 8 Variation of input power coefficient with flow coefficient of each part
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Fig. 9 Variation of input power coefficient with flow coefficient of each part
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Fig. 11 Stream line distributions near inlet of split duct

(a) Impulse blade (b) Wells blade
Fig. 12 Velocity vector map around blades at ¢ =0.1
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(a) Impulse blade
Fig. 13 Velocity vector map around blades at ¢ =0.5
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