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Design of Supercavitating Propellers for a Racing Boat
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Summary

This paper describes the successful application of a theoretical supercavitating propeller design
method to racing boat propellers. Two propellers were designed, manufactured and tested on a newly
developed full-scale boat.

The first one, the SC-2 propeller, was designed at an advance ratio of 1.371 and a cavitation number
of 0.3, and tested at the Kiryu racing site together with two target propellers, the SC-1 propeller which
was previously designed by a Bp-chart method, and a commercial racing boat propeller, the “Record
Propeller”. No remarkable difference in the measured speeds of the racing boat equipped with each
propeller was observed at full throttle condition, while the performance of the SC-2 propeller was
superior to that of the SC-1 propeller at the prescribed design conditions in tests in two cavitation
tunnels.

The second propeller, the SC-3 propeller, was designed by changing the propeller diameter from 165
mm to 175 mm to make the diameter more optimum at an advance ratio of 1.197. The blades of this
propeller were designed to be as thin and narrow as possible to get the optimum lift-drag ratio at
each radial position within the limitation of having the same strength requirement as that for the SC-
1 propeller. At the propeller root, aerofoil blade sections were applied from the view points of
strength and efficiency.

The second propeller was also tested at the racing site with the SC-1, the SC-2 and another famous
commercial propeller, the “Rolla Propeller”. The racing boat with the SC-3 propeller ran at the highest
speed of about 97 km/h in the full-scale test. At the racetrack, a running test around two turning buoys
300 m apart gave the following results ; the racing boat with the SC-3 propeller completed a lap within
33.8 seconds which was 1.4 seconds faster than that with the “Rolla Propeller”. The test in cavitation
tunnels endorsed the higher performance of the SC-3 propeller than those of other propellers.
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Table 1 Principal Particulars of Tested SCPs
Propeller Name SC-1 SC-2 SC-3 | Record |Rolla
M.P.No. kKyyl 378 388 - -
Diameter [mm] 165 165 175 166 165
1.65 1.697 1.454

Pitch Ratio (0.7R) 1731 [1.749

(Const.) [(Variable}(Variable)

Exp. Area Ratio 0.400 0.616 0.475 0.407
Boss Ratio 0.1606 0.1606 | 0.1514 | 0.1386

Rake Angle [deg] 10 10 10

Skew Angle [deg] 58 43 32

Number of Blade 3 3 3 2 3

Blade Section | Mod. Tulin| SRIN-II :%‘:ig Sl‘lfcél’]‘;
Direction of Rotation Left Left Left Left | Left

Material ALBC3 ALBC3 | ALBC3
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Hanted, ZDw, FEHAT X MRS Kr 13 Table2 ©
Cond. I £87%D, 0.120 ThH 2, HL, FEREHK1—ws %
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IR,

(2) SC-37u~>

FrET7F—YarvKkETORRORER, SC-2 7>
FATROBEFSMETIE SC-1 7u<F & 0 BRI %R
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Table 2 Design and Estimated Operating Condition

Cond.I Cond.II
Acc. Full
BHP {PS) 64 67 67
Prop. Rev. Rate [rpm]| 7,000 | 7,000 | 7,000
[km/h} 100.0 | 74.1 92.6
Boat Speed
(kt] 54.0 | 40.0 | 50.0

Wake Ratio  1-wg 0.95 | 0.95 0.95
Advance Speed [m/s] | 27.8 | 19.6 | 24.4
Cav. Number 0.30 | 0.47 0.30

[175mm¢] 0.957 | 1.197
Advance Ratio

Torque [kg-m] 6.55 | 6.86 6.86

[175mmé¢) 0.0294| 0.0294
Ko

[175mmé¢] Max. | 0.111
K

[16Smmé¢] 0.138
Thrust [kg] 145 | Max. | 144.5

Fig.1 Propeller Shape of SC-1 Propeller
(M. P. No. 377)
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T ET =Y a B3 0.3 %, BEFREE LI, AT R ME
144.5kg & U7z, 1-ws DWW T I, BEFREIC I RIS 2
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Fig.2 Propeller Shape of SC-2 Propeller
(M. P. No. 378)
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Fig.3 Characteristics Curves of Tested Engine
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Fig.4 Propeller Shape of SC-3 Propeller
(M. P. No. 388)
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Fig.5 Installation of Propeller to Racing Boat
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Fig.9 Propeller Characteristics of SC-2 Propeller in
Cavitation Tunnel under Various Cavitation
Number

Fig. 10 Observed Cavitation Pattern of SC-1 Propeller Fig. 12 Simulated Cavitation Pattern of SC-1
Propeller by SC-VLM Calculation
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Fig. 11 Observed Cavitation Pattern of SC-2 Propeller Fig. 13 Simulated Cavitation Pattern of SC-2
Propeller by SC-VLM Calculation
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Fig. 15 Observed Cavitation Pattern of SC-3 Propeller
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(a) SC-2 Propeller
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(b) SC-3 Propeller

Fig. 17 Comparison of Propeller Characteristics
between Theory and Experiment
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tion Rate Based on Results of Cavitation
Experiment

TRENTN - FrEF =¥ a3 VBFE LT, —D I XS
Y ipoltzoBbh 3, HEFIC, ERaEE:
BLaryba— v LTRBETo LI LIz b L 3, KT,
TuN s EERE, KERBRTIX40rmps T, EE T
67~125rps TH D, KERBROHF 25072 DIELDT, ik
HELEEATERVLDLEEbNRS, ¥ —} » FrEr—
YareHEcRES RS0, FGHEI LT —F
TYTARERT B HESD S, UL Lads, p—83
YT LBEDTABPRYKE L, V7 SKIECRIL,
HEDET BT SNR G, ZD720, HEETE s <
25DT, BEESORIDXr EF — 3 VRETR,
HEOBMHSRAL D50, AERBTIX, Hafs 7o
RIDFrETF—¥ 3> NIV DHFRERTD /Y —
VIGEWLDIZR B0 L Bbhs,

F72, 4.2 TRAZARIC, EETOF a5z 7120y
b/b?bifu&?ﬁ@bi&fﬁﬁ?SGﬁﬁEk&of\n%@
TRZONERDbNE, ZOZ s, ZoBOFa~S
DF Y ET— a3 YBREBREORANSHBORETH 2, &
e, MEEHLES¥T, 2O, AL SEMOTEH
MEITI 2 EDOTE BHBBEOM Y, B ERO SR
TaRIDX Y ET - a VHRBROBEEA LYY 3 FoE
EThs,

5. #&

KFRORER, ROBIEREET,

L. BEER7TO_RIICHLT, R——F p EF—F 4
¥ 7 7u~Z (SCP) Him%srks#@AL T, SCP
ERE LIz, EEFRROGER, MEBCEREEY 7o
&ﬁw%ﬁfét:t%%%ptoﬁﬁﬁﬁ,%ﬁ

3

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

60

H A 7 2

XE BIBE

o &, A7)y RRZ a5 DFRHENER
TH o120

2. BEHELHERL D T L, HEEEE D BB L THE
T2ZEH, L OERKL SCP ##E5t+ 5 L CTHEE
Thb,

3. EWMHETEH T 38810, KERERTO SCP i35
ERA—NR—FpEF—va RELZSRZVLOD
T, KT OMREEHRIFE R & SCP MR iE DFHE
BRE-BULBEWIENEL D, L Lo, M
FHIZEMICE—BT 5D T, X D EMEEER SCP ©
HEHATEETH B,

SHOBEELT, ROEVBEFON 5,

F v 5 — ¥ 3 vk & ERETOMAETEHE £ £ 2HIC
I3, Fi, BREROERD 70T OMELrSHE
TEEIT 3201, ELREECPRIEEOMBELR Y, 2
DEO7aXTIDF v EF—Y g VRENERTET T 208
BH5,

RiZ, FrET =Y a v ORERENA——F r EF
—vaVREBEHESFr EF — Y g VREOHREIREDR
ERBERZ7ORT IREEOFEN SCP & b BRIz K
EVDT, FlZZOERHEROBMAEN TR TH 5,

Bz, INEEEED a5 2L Tk, OB
IOV VERITALENRSWI Lo, REFREOHTEDS
KLBEERZ, 200, ERCERLBENCHELE
DEIRENIOED 7 a5 DR ICIITRARTH 3,

H & H &

AT O —ER L E B MBI SRR O T8 EWF [SC 7
a7 OFHCET ARl o—& L L TiThbinls,

K7aRZORAFOBEEEZ TPl BERAT—
¥ —ih— MMERERERASORIGFREREE R UERESER
21T BEREICEB O L ET,

KX TEA L7 SC-2 R 3 7 u~F i3 () AAERR
itz > & THIFES iz, BBV db)BAE &
EREMT e > Y BERRCEBRED AL Lk
kS

BELEREEOILOEREESETECEH - L
73,

il

c =
O RTIER

J 1 TaRSHIEE (= Va/nD)
Ko @ M2 155 (= Qon*DP)
Kr @ 25 2 WM& (= T/on*D*)
D 7uRSEES [rpm]

=

n -

1

2)

5)

6)

7

8)

9)

10)

a7 [EERE [rps]

t HERRE ST O R E

D kDFETE

A s RS I 74

D URTIAT A b

kiR

T u G EBERE (= Vs x(1—ws))
* fifE

MEESTRES

CHERAADEREER

DS a S BN (=] - K/ 27 Ko)
DKOEE

T FUNIIEEE RS R ET - a
(=(R—Pv)[(1/20V3))

z £ X W

=

FERZE, THGER, BEE=, BEFHZ A -9
— P EF—F 4 v/ TuT O, HAER
HEAMVE 1745 (1993.12), pp. 101-111
TREERS, AR EZE, BERHE= @R TFECLDR
— = F P EF—F 4 7 - FORTOEE, HE
YEMREEHE, BB 1758 (1994.6), pp. 47-56
FEEAE— 5 — R MEEEAEWRERE [ BEA<
— 5 — K — MMERERENSE, ¥R EERESE, £
EE—5 —F— ' EESESSE (1994.3)

Rose, J.C.& Kruppa, C.: Methodical Series
Model Test Results, Proc. of Fast’91, Trondheim
(1991, 6), pp. 1129-1147

Lerbs, H.W.: Moderately Loaded Propellers
with a Finite Number of Blades and an Arbitrary
Distribution of Circulation, Trans. SNAME, Vol.
60 (1952. 11), pp. 73-117

THERAR, FOERZE | —REANVEIZES SCE
BOMREETE, BEERERSSH, £865 (1993.9),
pp. 37-46

TREEAR . B TFHEICEBA—N—Fr T —7T 4
v e Fas OHEETE, BRERFESRUE B
174 5 (1993.12), pp. 113-120

Yazaki, A., Wakamatsu, S., Tagori, T., Nakato,
M., Kato, H., Tanaka, H. and Abe, M.: Perfor-
mance Analysis of Small Racing Boat in Smooth
Water and Its Design Application, Trans.
SNAME, Vol. 96 (1988), pp. 309-332

REZ BEE=S, AERE THEEZE, ME=T
Bl A—R—F v ET—T 4 7 - 77 OHEE
S, MRBTERE, B 31 %, £ 55 (1994.11), pp. 161
Sumino, Y. & Ukon, Y., Model Test on Perfor-
mance of Propellers Driven by an Outboard
Motor, Proc. of 1991 Small Engine Technology
Conference, Yokohama (1991, 10), pp. 153-158

NI | -El ectronic Library Service



