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Experimental Investigation into Contra-rotating

Propellers —Part 1 —
By
Yoshio KOKUBO, Yoshitaka UKON

Abstract

From the point of view of energy saving, a contra-rotating propeller
is one of the most promissing propulsers. In this paper, extensive experiments
were performed to confirm a new design program code developed by the authors
and to evaluate reliability of measurements by two kinds of contra-rotating
propeller dynamometers which have differnet capacity. Reasonable agreements
between the respective measurements were obtained. The present measurement
confirmed that by the existing design method suitable contrarotating propellers

can be designed especially for higher speed ships.
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Table 1 Description of Two Kinds of Dynamometers

Large Cap. Dynamo.

Small Cap. Dynamo.

Rated Thrust
Rated Torque
Maximum Speed of Revolution
Measuring System for
Torque and Thrust
Maximum OQutput
Non-linaerity
Hysteresis
Mutual Interferrence
Zero Drift by Temperature

£ 20.0 kg
£ 1.00 kg-m
+.30.0 rps
Full-bridge
Strain Gauge Type

+10.0 kg
+0.50 kg-m
+ 25.0 rps
Full-bridge
Strain Gauge Type
1500 ¢
+ 0. 2%FS
+ 0. 2%FS
* 0. 3%FS/FS
+0.01%FS/° ¢C
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Table3 Principal Dimensions of Propellers for Container Ship
CpP CRP1 CRP2
M. P. No. MP145 MP258 MP259 MP278 MP279
D(m) 7.400 7.180 6.890 7.180 6.894
A 02e 1.035 1.274 1.366 1.430 1.50
ae 0.758 0.482 0.518 0.483 0.519
X8 0.180 0.220 0.229 0.220 0.229
"z 5 4 5 4 5
Wing Modified NACA66 NACAG66 NACA66 NACAG66
Section MAU a=0.8 a=0.8 a=0.8 a=0.8
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ZOBBEHEBREDEHH L W2 %,

BT 7 u 7 EEHOEESE 2EE L B
2ol BMBRELEN I — 7% #hFh Figs. 19
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Fig. 20 Compérison of Power Curves on CRP1
with Various Combination
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Table4 Principal Dimensions of Propellers for VLCC

5.

VLCC =B d 3 EHRR Uz

1 HERERUHERE

CRP BN EHMIZH L THER» ZFAD 120,

CcpP CRP1 CRP2
Fore Aft Fore Aft
MP No. 265
261 262 285 286
Dp [m] 9.500 9.500 8.853 9.500 8.595
P/D at 0.17R 0.700 0.8697 1.0455 "0.8118 0.97950
ag 0.500 0.347 0,415 0.290 0.345
Xs 0.180 0.220 0.236 0,200 0.214
z 4 4 5 4 5
Section MAY NACAG66 NACAGG NACAGS6 NACAG6
a=0.38 a=0.8 a=0.38 a=0.8
M.S.NO. 0461
WAKE : = 0.49 :
FULL LOAD CONDITION
.00 Fn =0.132
lI .
|
0.801+
i
!
0.60 {
*
0.40 ll
I
|
0.20F
|
0.00- ! (r/R)?
| | | | | | 1 | |
000203 04 05 06 ok 4 0.8 09 .0
B.R.

Fig.21 Basic Nominal and Effective Wake Pat-

tern for VLCC
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Table2 IZ77RT VLCC Iz L T, Tabled ioRT 248
D CRP %235t L7z, CRP BEBZTE 2K, FU Y
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CRP MP261/2620D 35443 EE Dp %9.20m.
H Vs %215.0kn (Fn=0.141), XA A b T #194ton.
R AL #0.220, AKEELLR15.77Tm & L 7z,
MP261/26213 RE13E L Ic D s REF s hize AHORE
PR — 2R & U, CRP OIS 703 Dl
BiXEEAN S ORI DZENEE—L L. MP261/2620)
a3 EERE 2 YT FROBEE L EE. Bl ST
RIVBEHFERERD LI B uIEEKN=
55.0rpm & U7z, BREFOER. MP261/262i3 35t &
J=0.5771 B > T, K;=0.308, Ko=0.0470, 7=
0.602L % 57z, :

ZRhIEHL T, 5 140D CRP Th 2 MP285/286
BERREHE LD 8, ANERAFRIZEEF IR
B—2bDE L, 2h% Fig 21 WRT, et
EE, . A5 X+ % MP261/262 £ [Rl— & L7228,

0.31 OPEN TEST RESULT
MP. NO. 265
S
%oz} Ka 408
® Kt 7o
g
[ Jos
as
c &
0.1+ 0.4
Kr/d? 402

0 ] 1 t 1 1 1 1 1 A0
0 0l 02 03 04 05 06 O7 o.e\g.s 10
J

Fig.22 Open-Water Characteristic Curves of CP
for VLCC . : ‘
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7a T EEEHIE58. 0rpm. KA HIZ0.200 - E L
7o AL, BEE S0 RS5E74.7rpm TH 5,

— 7. MP285/2861% 8% 5+ £ J=0.5477T. K.=
0.281, Kq=0.0381, 7 =0.642x 7% b MP261/262 &
D RIEZZER LS ERE, 2heD CRP 1
BOWMRIZZ-LBEE S 0~5 0 MP2650EH %
Table 4 1IZ7R T, )

5.2, 7O~RDEMMEEHER

CRP 2B T 2 RERDRTIZ CP 2 D> T D M SKER
2757z, COER% Fig. 22 1c5R%, CP OREHET
H B HIEZR J 530.425Tid, K;=0.172, Kq=0.0212.
7 =0.549TH -7z,

VLCCH CRPZEAL TH., 200875+ Tl %
1T o7z, MP261/2621B89 5 S EIERE 115t & 35
HIFER % Fig. 23 1ZRT, 2TED 7o~ EEEgk, B
B, 8rps L 12rps KD WTHEHEE R TR, ZOE
R REDRMERER S S NT-H, 12rps DB, BEF S
J=0.577T. K:=0.329, Kq=0.0528, 7 =0.572& %
D.REFEL Y KIBZBIEBEL o725, CP & D 4%
BEMESALELZ, A7 X MEBICE L CEHEHED

OPEN TEST RESULT
M.P.No. 261262

1.0 5
n(r.p.s) Ref{ 10°)
12.0 473
12.0 625 — —

N 8.0 346 —---mmee-

JF =\/n DF
] i 1 1 [l 1 1 ] ] 1
o] 05 1.0
Fig.23 Open-Water Characteristic Curves of
CRP1 for VLCC by Large Capacity

Dynamometer
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FOHEHEL D THHKREL, A== EvFLi
2, DI ENFERLEEDL L LIZERO—DT
H2, INRIBEIVTFHIHLD VLCC D FaF 7
BHERE ok, TuXRIBEOEREEL ML
7 e NI VARBET AWEHEOBENSTSTH -
TetebrELOND, WIZ, b 1HEOCRPTH 2
MP285/28612 2> T DREFER % Fig. 24 R T, ®
D MEEERL SN BBV A ) VO, 3RE
M J=0.54712 3¢ L, Kr=0.286, Kq=0.0438, 7=
0.568& % o7, CP X D3.5%DEAEICE L E >
726

RETAGERED J=0.61238 T, MP261/2620> 711~
7 EIERECE 4 2> 518rps £ T, K 2 rps BE(L & ¥ T,
TuRIERICRIZTTRERE AN, ZORRE
Fig. 25 12" 9, 2 M DFHHI TRz R CE L T Y
DEVIBBNB,TE BV TAE 6°C 22°CTK
BIZEZ 2, By A4 / VA3 5X105THED KT,
KQ ZiZiE—3 L TWw 328, EAKRTOFHEIO%EIL
BABRTOZNIZEEL T3 E—HLTEsT. E
EEWVA VA TOEHENEEN S, BHETOE

OPEN TEST RESULT
M.RNO. 285/ 286

nlrps) Tw(°C
Lor pel TwlC)
12 194

a 8 193

1OKa.

KT &

O 1 1 1 1 1 1 1 1 1.
O Ol 02 03 04 05 06 07 08 09 | \g\l
JF
Fig.24 Open-Water Characteristic Curves of

CRP2 for VLCC by Large Capacity
Dynamometer
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EZfr o, Zhhbova VI TORHEIZ
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P53,

BEEMEIEHC & 3 7 o7 Bl RERE R I
WDBY TH B, MP261/262ic3 LT, a7 [EEx
# 8. 10, 12rps DWW TEHHI 2T - 72, T8 % Fig.
26 1279, 12rps DFE, J=0.577T, Kr=0.337, K=
0.0531, 7=0.583& 7% %, —FH. MP285/2861z%f L
. Fig. 27 103382 n=12rps DB, J=0.5477T.
Kr=0.292, Kq=0.0432. 7 =0.582% %2 %, @& EEH
Byt DR L thN B L EEERB ETC X B
Kr, Kol iZIZFRIC 2% 323, $= AL Tz 20
CRP izt L, $ABEDOREE 5 2 2 43, HEHEi
BELEWV, VA I NVIBBFTRFCHE > THiRnT:
HErRbhz, #hzh, CP LT MP261/262K%
U'285/286 D%IFIx & b1z, 6 B LEL Tz,

Total Fore Aft Total Fore Aft

; Kro 6 8 o ¢ &
. MP26l/262 Kad A & a A X
(smooth) To O L
[ y=06 o
Kae
py e
05| = £y .
A
] 770 -2
- ol Hos
D/(:;D/D/U/n/é po
04} Koa R
< M‘l““
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| - ] 1 1 1 ]
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Fig.25 Viscous Effect on Propeller Open Char-
acteristics of CRP1 for VLCC



OF  OPEN TEST RESULT
M.P NO. 2617262 (SET)
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g
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Fig.26 Open-Water Characteristic Curves of
CRP1 for VLCC by Small Capacity
Dynamometer
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Fig.27 Open-Water Characteristic Curves of
CRP2 for VLCC by Small Capacity
Dynamometer
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5.3. BfisER

%9, BEEREIFERVTEMRB 21T 72,
WERE I B 1T 2 EMEROHEE R % Fig. 28 &%
T, 2EDOCRP & CP T 3 BENTEATY
%2, CRP S LTHET B L, RU1-wT iZBLT
MP261/2610 1% 5 #3 MP285/286 & D 8k % \» KT,
I-t® RiEECTHS, —FH, CP LB E, CPOD
BAENEIL 2 DD CRP oz b, 24D CRP ©

SELF PROPULSION FACTOR CURVES
M.S.No. 0461 ’
FULL LOAD CONDITION
M.P.No.285/286

261/262 —-—-—
0.6_ 265 ———o———ee-
7 —
osl. TTtmmmmmmmTTT
(.
e
o] R ————
osL
|-.
08 ‘TR
-\.\
o.7L
0.6
“we
0.5 — -
0.4
Fn
L | 1 1 1 | | L y
0I0 o5

Fig. 28 Result of Self-Propulsion Test on Two
Sets of CRP for VLCC under Full Load
Condition by Large Capacity
Dynamometer
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e 1t RO L-wy BB CPOZ 5 X D K&
MHotz, ZOBEMIZEEI YT HROBELEKETH
5,

CORRTETERD I BEIHE % Fig. 29 TR T,
CP 321, 600PS Tad» 2. Dzt L T. MP261/262i%
20,900PS &7 D, 3.2%DEZ AR EE E >z, —
Ji. MP285/286i% CP & R TFREEDS R D o720 &
DZLrar7FHBROBELHETEZL L, CRP
D& 1E Wake Adapted Propeller iz LT b %% LD
AUy rBB/s W EERDbNRS,

WIZ, 3T R MREBIZ DT MP285/28612 3¢ L T,
B EENEIF CEMAR R TR o708, b o EHE
ROT—IBRRERY, 2R EBMERLIES
higdpotz, TRNHDEMERE CPOEMERL &
bz Fig. 30 .TR T,

DHP ete. CURVES

M.S.No. 0461
As=274,651ton = Acf=0.000I

M.P.N0.285,286, I-Ws /I-Wm=|.246
M.P.No.261/262, I-Ws/I-Wm=.204 — —— ——
M.P.N0.265, I-Ws/I-Wm= 1.1 81

Fig. 29 'Comparison of Power Curves between
CP and CRP1 for VLCC under Full Load
Condition
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SELF PROPULSION FACTOR CURVES
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265 ——
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Fig.30 Result of Self-Propulsion Test on Two

« Sets of CRP for VLCC under Ballast
Condition by Large Capacity
Dynamometer



SELF PROPULSION FACTOR CURVES
M.S.No. 0461
BALLAST LOAD CONDITION
M.P.No.285/286

.
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1
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Fig. 31 Result of Self-Propulsion Test on Two
Sets of CRP for VLCC under Ballast

Condition by Small Capacity
Dynamometer
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DHP etc. CURVES

M.S.No. 0461
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——
e
-
-

Fig.32 Comparison of Power Curves between
CP and CRP1 for VLCC under Ballast
Condition
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