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Summary

Recent extension of the container transport system has lead to the remarkable increase in both
speed and size of container ships. Since there is a practical limitation to the maximum out-
put of an individual engine, multiple-screw propulsion will become necessary for a large container
ship to attain a higher speed with a large capacity of transport than the speed of 25 knots.
Comprehensive research works have been conducted with the aim at developing a high speed
container ship with triple-screw to be built at Mitsui Shipbuilding & Engineering Co., Ltd. in
1972, for the service between Europe and Japan.

This report deals with comparative tests among single-, twin- and triple-screw propulsions,
and with mutual interference between the hull and propellers, cavitation researches and full-scale
measurements on the triple screw ship. Such other items of research works as vibratory forces
of the propellers will be reported in a later paper.

Principal conclusions obtained are as follows,

1) A triple-screw ship has a better propulsive performance than a twin-screw ship.

2) For the triple-screw ship adopted, inward rotation of the wing propellers gives better
propulsive efficiency than outward rotation, which is explained both by the wake measurements
by 5 hole pitot tubes and by the results of the self-propulsion tests.

3) Mutual interference between the center and wing propellers can be neglected practically.

4) The effect of variation of the load of a propeller on the self-propulsion factors of each
propeller will be negligible, unless the variation is too large.

5) Added resistance of the appendages is also subject to the scale effect.

6) Decreasing the camber of the propeller section near the leading edge was shown to be an

effective means to decrease the amount of back cavitation, both on the ship and on the model.
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Table 1 Particulars of Single-, Twin~ and Triple-screw Ships
Single Twin Triple
Lpp (m) 252. 000
B (m) 32.200
d (m) 11. 000
Cy 0.575
Position Center Wing Center Wing
. Kind Turbine Diesel Diesel Diesel
Main )
Enei No. of engine 1 2 1 2
ngin
£ Out-put (PS) 80, 000 40, 000 32, 000 24, 000
RPM 135 119 119 119
Position Center Wing Center Wing
No. of propeller 1 2 1 2
Propeller | No. of blades 6 6 6 6
Dia. (m) 7. 40 6.70 6.30 5.90
H/D 1.29 1.22 1.29 1.33
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Fig.6 Arrangement of Propellers and Propeller shafts
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Fig.7 Wake Contours at Propeller Positions (Triple-screw, Full Load)
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Table 2 Calculation of Apparent Wake Fraction Table 3 Comparison of Self-Propulsion Factors
(Full Load) etc. between Inward and Outward Turn-
ing of Wing Propellers

Direction of

Turning Outward|Inward Remark .
- _ Load condition Full load Ballast
Ux/vs(=1-wy) 0. 805 Measured by . . .
or/os T0.057 | 0.057 5 hole P. Tube Position of propeller|Center| Wing |Center| Wing

0.98| 0.93! 1.00 | 0.91
wr/vg 1.76 Designed value "% IN/R 0uT
1+ orf0r 0.968 | 1. 032 (1-8) v/ (A=) oyt 1. 04 1.04
T 4 , 5X’:5X/ (l—wT)m/(l—wT)OUT 1. 01 O 87 1 01 0 87
ox'/vs(=1-wy')| 0.832 | 0.780 Qtorfor) e -~ —
B _ 1-wr=propulsion IN ouT : :

(1-wx')/(1-wp)| 1.03 | 1.03 S dey

Ux, ¥x’' =volumetric mean of vx, vx’ (see Fig.7)
vr=volumetric mean of vy (see Fig.12)

2oR/bRI 1-wr LEAR—KL, V1 VY TesERREYEEL LA EERE LEFITHD o LA
Bt e,

333 v4vs . TuxSENED B IORED EEE LEE0 BRAR

Va4V e EAED S IOCHEDY EEE LERRBEOWCHMRRYER LT, FOEELHEL
oo RBRCHEA LB, 2 BB~ AU SEMKRTH Do i, AFHED 3 L OHE D WFho ki
LTh, A—oRA7eSHFERIN, RBROKEREL LT, Table3 ©HAHIEDENCKITS, HE
DOBED 1-w o L OEXSEID OFBETHTHIHTRLIL, chicks s, Tu3)nHED DBAK 1-w
BRBZEATHE, mp & 1—t OEIRX 1—w 22 Fbo>TWitl, Fi, FRFROEEFEICOWT, F—
DT7eXFEEHNEOID XICTeF2RHL, MENYEZ L KRR, AEVEEL LEHnER
WEE SN ATHRRBL L6 BBENINEL L), FRIhLBYOREEYBL, LAL, COEEIMBME
DRGEHRD DX T e RIMOTRHHERC L > TEBYIBIDTHY, TrRFDF L ¥F~¥ 3 VHSH 0
BRIENL LR TARFTSLELEIRETHH D,

4 TARFOF ETF—a

A—EBRENOM T, SEMIX2BMCERTIE#II VOZT IO/ e RSHEIBE IS, LvL,
XV~ TeXFHNBOHERSMIERD LEM & AR RE—ERAE L, Tk, BEBRTIILH T r=
FORMEREDRZVDTF €T — ¥ g VEREMNEL LD, Fo €F— ¥ o VEBHIEDOEN SN h EV L
FHETTTrRIBHITobRBZ L5,

O, BYE— TRrRFRDONTHF 4 €T~y YVOMELYHEMCRE Lico FORBEBOI-F 4+ ¥
T~ g VHERBORERIY, vV Tese b RBE IR,

4.1 MBALAOKEH

COMBRREFTIBRCRNT, D¥D X5 REENEIDDOR T,

1) MBOTex_SEMBIE IV NR « A2~ VRRE L THAFADOEKES OBt 2R, BEE
DHWEBHNT7 V—A 54 VIEREZBELBECIBHENLL, BLARGEIHEMOERLE 5%,

2) BADOKETGHF + VY~ THh¥®D XD LRETTE, F o €F— v 2 VEEORZIL T LU,

3) BEORIRROFREL Lo TWB T FOBRMEHRIY, BEXREDL L VI-0NEED, T4
b, BELF ¢ V=BT, LilLES » V-8R RBDT, 20 X5 hBECIxREhR
BICEEAc=r —D 3 VERELSLTVEERISY R F . €5~ g VOETBZ LM, FoT
Fig 13 i bh s X5, BIEHOoWH LF% Kk &<
LTR5 L, WhicH3T5ROANHENEINL THiRED >
— b Fp UF—¥ g VORBEEBIIIEN D, F 4 VA
—ETBEDTIIUF « F 4 €F—> 5 VIIBFF5 X 5 STANDARD ™ MODIFIED
THBY ZDY—F FpF—vaVidze—2 v Fig.13 Modification of Blade Profile
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auﬁ&&%ﬁ&(.Lmt,:o&ﬁomﬁmoﬁmmxofu.aﬂu&aAzﬁmL&w%

uho¥§&#ML17n&aﬁﬂﬁéh.u@Vn&amx5#+Ei~v;va&&3mxD#+Ei—
¥ 2 VHEROBHENEH b,

Ticbb, NSMB CRASKh TV AR v X BHEVCR-BHGHE RS, AUBN S e 530+ 4 5
~¥ 2 VHERR YAV TRES-BEYREL, PEORAERV YL Dy iR,

¥, RETEBIRE LTk AU BRNTERRYEICL, FOBRYTILIE 4 WFEORYBEH Lo

Y, AU IRGERBOMIBOD ) EF k&L, AELHLE+ V% BPIRTIFY F . * 4
Ei—VaV%W¢:&&EM&L&A!&&ﬁLtOofm,Wﬁ%tv+—7tﬁ&mfa:amxbmﬁ
DENMETEERELL, ¥~ - F+¥F—v 3 YOREREY T CHRBCET S 759 F e 4 05—

. . Y VEHT5ENT ARDOMKL D 104 RkE
/_iéa OWEOREE WA X 27-BR, WL D 25% RLE
, OWHEORE LMY E 7= CREYBH Lo XTbIT,

BLAoe D—RF ¢ V- RPELLTIFYF -y EF — o
A —
S 2 VI EDOHRE WD S BT, ARORKFRMAED
06— WEORE LMY ER-DREBFH L, A C BT
Fig.14 Profiles of Blade A, C and D DRORNEHRY Fig.14 R L1,

4.2 F+ETF—a R
LE4AMORY G 6 Ry 1 EO AR 14ic s h oA 7w

“FEMIEL TH—HAOT ¢ €7~ o VRRERM U ks (O UL LOAD
HELTX, WBRBTY 4 V7 TeFHE D CHEHLTVS 0.5R ———
PEOREMO LY ¥ — - TuFURCT, SABCL HHELIR ::g::::
FRAOERSH LD LDOY VA ¥~ Ay Yall X DF 4y BF — o 1OR —

2 VRRAMARCEBR L, ch¥ Fig.15 KRLEo =Okfchc ©-5
Tl -BBRERD 1AL LT, 0=9° OPA% Fig.16 TR,
4MORE L, RETACF +» €57~ 3 ViR E o Abhich
SieH, REEMECoWTIE, ,
1) ARTIZ 0.7~0.9R DH@EHIc—R S ARDOT WG ho+ (] — 4y
TET g VHARBELTWB, ChIlREERRINT o3 DT o 90° o t8o®
55 FRCHRET 5L MOBERTHZ C L iibhs, Zhit, i Fig.15 Wake Distribution
DETHETINIE WD, ZORFRELF » €F — 3 VIIEE (Full Load)

FULL LOAD, Kr=0.180 6n=2.22

©29° starboard from the top of screw aperture.

Fig.16 Comparison of Cavitation Pattern
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DFEELICY =P Fr €T —¥ 3 VER VBT, BOBEROVhIhOF+ €5 —v 3 VELTHEPRELD
BRSNS, Fic, 0=18° LTIk 0.8~0.9R DHRBEMIC 7 5V F « F+ €7 — > 2 vHE LT B2,
T 0.8~0.9R fHEDF + v~ HUBKT, BEPRMEDAEDIC L VEL Y~ « F 4 ¥F—v 5
VR, EDEBETIFVF  F 2 €T Vi THbRELD L HE IR D,

2) BEERODWTRARLIZEALEDLLEWY, CRRBARKZOLRDS X BhihoF +¥F —o g
VIRE SIS AR T, BERNEY—F - F+ €T —va VRRELTW3, Zhid, M@BOWKY >+ —F
CLTZOBFOEMETE2ARE Licicd, JThiJhdF + €5 —v 2 VRV~ » F 4 €5 —v 2 VIERE
LicbDEEZ bR 5,

3) DEZIFHLICHREV B bhich ofchl, Zhidd +» v~ DA BN I o eleb E EL bR B,

DEDER LD, MO 7 e <5 OGHMETRE LT, AU RRMEMRKCIROW ) Bk <3
HEEL, CERDOIDBERIZEZLIcbDOXRA L,

5 EMBBELIUTHERMEOHEMN

BIR D 3 BRI HIE T 2 B OB LEEREOB Ticbhi, 35 2 MRS A ENRRTL S 0K T r ~
TeF P ET—¥a VOBRABRCOWL TR, SHLCBURBRER L OB OWTLRA LT,

51 F ©H B B8

# ERLERRICILBEE AR, REENDRBATbh, REGEHOEMFIC LY X — « T e 5 DR TH
ELBOT — 233 hico RBIIVTh L SKB\HIRED 65%, +V 25 1% Lep ORETTIsbh,
BARBROD N5 A P REBIZRIEL TV 5,

5. 1.1 EHEHRR

COFRBTREYE— 7T RIVY 4 VI« T v =5 0EENY THO EEEER S5 2 REc 5
b, EROAMY 4BFECEL T, FAMCNLTERER I EEMEL T, EHE I 0EEC T 5887,
TeRSEEHCEE2HBIL .

ABRFOHRIIERMERS 3, BIMEMEL 5~6 ThHbh, LFLIBRIFCRAL, FRANSHAESAE
—ELTnicied, REEMC X5 EEMEDOENENL /) v U ECEL T, RIcHT 2BEEE0 - |
HOFEDCHE - TiTichh, HUERYER - EEROEERBCHRE Lic, COBEYLR5 L, B12CH
NIHEC L b, BARBOKENOEMCRBEIhABIHECIZE—RLTE ), HEONCIEFTH -
oo

CORERBBREIhHERCOWT, BN E OHBY LD, HCRTIRERSEN e 8L
HEBLEE 4Cr OB %TIc ol ZORIBHOFEDCI - TiTichh, Tv <37 EMKEEr L ORE
FEIZEBELChitv, T e o0 T, V&~ 7o FEH LT 1.07, ¥4 V2 +« Fu23Cik 109
BEOHELZ B, ZOBRIL, BFIECHVTEVYE~ - TeFBINY 4 VI« TSk LTFRER
1.10, 1.05 LHER LD L HDHET DM, ABNAECIIAWEBbhb, —F, ACr OBRFEE L, BT
RO (2) RiC X2 MPESE 58 L1 3 KIEDSHEEICR L THES i 0. 15X 1078 135U EHVE B Hizo
CCT WIEhDHEELBLTH MBI, (2) ROMEROEBMCSOEIRT 2 BOIEEL O
BafTlootco ¥F (2) REMBFCHMBER L DB LI HEE LTERR®D B0

Rs=—;“ 0sSNVS*{Cwn+(14+Ky) Crso+4Cr} +-;— 0s5-4S,- vsz'%‘dCA (5)
zhix, () REF LI BTG 4Ca D 1/2 MRGERCIEEhD L LicHETH D, #£E L < Hu
LhTwaYW, —HiX, B SEEL 7\ FHEThb,

Rs=--05S40sCor -+ (1+K4) Crso+4Cr} (6)

DEISERLED ZThHDORT, HRFEONIERRE, Aoz wRT,

ZOD (2) IV (5), (6) Rk T, ACr DfEi% 0.15X10™° & LTHRES EHP #E%EL, FROEH
AEENOBONIKERELBE LDH Fig.17 Thi, cORALbRB X5 (2) 5L (5) KDsHE
BrAvhl, REEEERE—FT5 (6) R X5: EHP ke T 2R LD, 0T, E
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& R T A MHEEE LT, (2) 55k (B) Ricx %
Mot SRELICHENR L X5 TH Do
5.1.2 HEHEDABS O EgHOT — 5
T VE—(FIRY 4 V)« T T HEREBL
LT, a4 vV7(eVZ—) Tu53DKRT, Fhit
FEWORK V2 2 RINT 5 ATFERABC T 1EE
MELT, EH - -@EH - Fe 5 EEH SR
_______ PREDICTED FROM FORMULA (2) 7, = DBRABRIL, ©VH— -+ TRRF LY 4 VI -
il o REUTs oF Sea TRIAL 0 TR S OEERAS VAR AE CELflE LT,
SPEED OF SHIP { KNOTS ) B HDHT7 — 2 HREEL T 52, FARRBCHL
©3 2 25 26 2 e 2 0 a3 <T1 AERELITIR - TWRWDOT, HE OEMT
Fig.17 Comparison of EHP Curves between BIITE I F2C, HIBRARRK I T
Predicted and Sea Trial Results BELHREROBGRIEEL LT, - ORBROBEEN
KIND OF TESTS CENTER| WING Py 7 —BIRTRL R 1w D%, MAOEH
PROGRESSIVE SPEED TRIAL a FHHRBHD A I OF AR BEHFOF — & &

SHIP | CENTER OR WING PROP. LOOSING . — =
CENTER PROPELLER ONLY LT Fig.18 iRLTco #fe, Z ORICITHEEAROD

q|ejolqo

osr MODEL gg;zlAthU;:'ggs:E(irzs FIG.10) : BR, ThbbBEOCEMABE IV VE— - TR

oo NF LT 4 VY TeRSORERYE L ICERN T

_%_ﬁrw___m_jm_“%_ BRARBROKELEAL T, EME B L OHEBE
DWTHEE L TR,

qm? e . COREOWTHBTIELIR, ®VE—+ Frx

- i FDHRTHAELIEEDF — X oW TikRbB, ZDF

— X, FMrELERAEEYTROLEIR, v v

T TeRSERIITTL, £VE—- - Te50%K

orl Ka = Q/p ND® CCERISACBCELhICL D TH B, Zhid, »

Qo3 004 a5 06 HOLENRBRE L TCOREERELX T T, &

Fig.18 1—wgq versus Kq in Various kinds of JIXBHw /" OERHEHLL LD TH Y, #WH
Propulsion Tests on Both Model and DB FRECII T bR Tt L L, ER
Ship CECTIDLS KT — Xk BoBEREbHTER

THHEDT, BEETRRLI,

2T, Fig.18 %A 5 LHAIZhECEMENB IV 7 v RS KB O R0 b L 2 &3 Ko iwit LT,
1—wq DERHE WV KESELL Tty Ko ORMNL, Tr RFOWEEYRTRELEL DL LNTES
b, ZOBRERBLTr_XIMEEOELLHER FRECEIE VEELYRIFL TV EHRATEZ ENT
&, HPOKBRBRDOERL LKL, Mo vr— Fux5Lw V). 7esOEERH 1T VADM
B—D2DBEYE 2 TwBEw2 5,

5.2 7ART «F o ETF— 3O

FMOB EFREERIC T v 5 « o ¥ F— v 3 VOERBHEEZ TR otoo V4 VS TrRFICOWTITE
HEEBRT D EBRTARETH-IDT, 2V X — o« TrFRFRDOWTTsTco BRBK LY KE T4
MR I KB ERBPELT B X5 T 500, MERKGENRESR L D AX L b, BEMERE
THRETREHARERTE 1

B AEOATRBICOWTEBINIR, 205 1RBILY 4 V27« T r T 23 BECTVIRIE &
L, 2V Z—« 7eSOMEXAELEMIRELDTH D, BRBOERE, FHLBEL LT TRRES
BRIEXEDCERORTW 53D ERELELLAVOTEET %,

Fr T —¥a VRERERRD 16l% Fig.19 OhhiiRmLico BRILE 7 e R5oEEAENEBIIER LH
B X bl THEREF AT 30°~50° OFHETH 523, ZOREBEANTILONBE TS+ 57 —> s vORE
RAXBE HEb->TELT, B 0.7R~ EMOMBIEEED 10~20% OV~ F + F 4+ ¥F - 3 Vb
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©=40° sfarboard from the top of screw aperture.
Fig.19 Companson of Cavitation Patterns of Center Propeller between Full Scale and Model

FELTED, 0.975R ORELPRMEH LY 0.85R L 0.9RD— « % 4 5 — a VOBENILS 25 v
Fedypr's— /3/#ﬁibfhbobﬁb RO LD HHERD w5 c F T~ vELT,
ZTOREBBIRL, 79V F-F4e a YORIIDLOIB LD THBZ L bbb, Zhit, Hq
BT~ L5, RONMEHRL er&mow DEFEREL LD, MRBEORELZPIHL Li-bORiE
RAlicztiidr, Bh 3#17'&53% E7eRFOMEEYER I LDBHRI+FEBEbhI-L D>
&#X_ Bhéo

%ﬂk&ﬂoﬁuﬂﬁku&btbm.iﬁi&tﬁﬁbt&ﬂ#n&9m;5mg—m¢o**gi_ya
VRBRERE L BT e <RI IR ER I h 00 1/32.5 (A 200 mm) DOELMBTH S, HHD
e LT, REBRNRORARBOBEMO MRS Y AV io Zhi Fig 20 KiRLT, ¥, RRRAEBE
LT F+ET7 - YR on REERBEED 7w RSBHLBEOBEL Fr 3 EES T Xic L TR,
AZ A MEE Kr RRRRERCHELL b2 GBI L, S8 e <5 OMERRAR L hR®DI,

BBERO 1 UL RMBRRER L B LT Fig.19 Oid R L, RRERYENT2 L,

D Kr op3vis, ROWEM 0.85 R~ LBWONERELE D 3~5% O~} - CF P TF - g VS
RELTV 28, HPOPACHERTF + ¥F~ o Ve tx— VL RiLD, ZDOFEEWE D b7z b,

¥, ROWH 0.IRBIVO0.BRMBHR ISV Fp 85—y VHERELTWBH, RMOBALIL
NTEDOREMBLREE D, WX LHE,

2) Kr=0.29 DAL, ++ 7=y Vet x—vEI0Fer MO BALLAST
F—Va VOREWHL LRMOBE L2 D X {—HKLTW 3, " g-:'; —-——
3) WThoBas, REEMICIS » £F - 5 VIZE o7 Zb PO

}'LK“«:‘O
0.5
LR D RRRERREBMEOF » €57~ v 5 YOI, BE3E
fTleo - REBRNER L HARBREROMOEE: A UEAT, FoR
HbB5BEREIL T3, '
e, ERD BIV2)KBELT, O¥DLS i tRnELORS, o L
BRI R TIIARA BRI D700, REOHIICHT 50 mnRAL o 90° o 180°
20, ZORPLEMEOTmIREOWADEIL 7w <FHEEN Fig.20 Wake Distribution (Ballasty
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