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Effect of Propulsion Devices on the Propulsive

Performance of Super Tankers

——Comparison among Single, Twin and Overlapping
Screw Propellers—-

By
Yosiro Kawakami

Since there is a practical limitation to the maximum power absorbed by one propeller,
multiple-screw propulsion will be needed for such a super tanker as its DWT being
about 500, 000.

In this case, it is quite important to clarify what kind of propulsion device will be
better in the propulsive performance point of view. Therefore, some tests were programed
with varying shaft arrangements, and partly have been done.

At the first step, this report deals with the comparison among single screw, twin
screw and overlapping propeller arrangements.

The main results obtained from the tests are as follows :

1. A single screw ship has superior propulsive performance, as expected, to twin

screw ship.,

2. Overlapping propeller arrangement (O.L.P.) is better than a usual twin screw
ship with outward turning propellers.

3. With the increase in the rate of overlapping, unbalance of measured thrust and
torque values between starboard and port propellers increases.

4. For overlapping propeller arrangements, the propulsive efficiency is the best when
the rate of overlapping is 15~209% of propeller diameter.

5. Results of propeller open test of O.L.P. show that with increase variation of the
rate of overlapping from 0% to 35%, both of Kr and Kq decrease qradually at
first, and then rapidlly for 35% overlap.

6. From the results of wake survey by 5-hole pitot tubes at the propeller positions
of O.L.P., it is showed that flow vector (component of flow projected to the
propeller plane) represents a tendency to run upward nearly vertically, and is

distinguished from the flow pattern in a case of twin screw.
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7. Concerning methods to predict ship’s power many problems are existed to be

solved, including the problem of scale effect of wake.
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— d = 266m, even keel —
| K 1 Wa/1-wh _
Single Screw 0.40 L19
== Twin  Screw 0.44 104} |
—-~~— 0LP, 0% 040 107 | Outward-
100,000 .. . 5% « 108 [ turning ]
—--— v, 35% 037 112 ]
— & aCp = 0.0002 (Hughes) 1
o
— & —
a
— Z —]
w

SPEED OF SHIP (knots), Vs
12 13 14 15 46 17 18 19 20 2

N I S B I S I
B—7—a i GHsikeE)

(82)

0.54, 70T RID30.60L 73 - TNBTOH, BphdhER
EUTHE, BT aRFIEA—DR TR M 2SIt
CEITKD, DOHENBLHOND,

BKERIC, SO B O A2 M—7 iokd, 7L,
BMO A—Ws)/(1—Wu) OfEIE, UKD ickoT
Kb DTH B,

TORIEL, Ak, 1HMHOLDTH 25, fliic
WAL ERIDIE D o 1cD T, SAEOEESS T DML
HH LU, :

Thick s &, HIRETEMO EHP ich 3 Dk
DBIODIC K 5%, DHP T, O.L.P. O&#HS 1 Hl
P2 E 0, BETEL L oTOAIDR, kiR
BOREZBEBOBDENICIDIEDTH 5,

SUPER TANKER SERIES

150,000 44% AF LOAD CONDITION
As : 230 thousand ton
I dm : 126m , 15% trim by the stern /

K I-WSs/1-Wnm
Single Screw  0.35 1.33

S —— Twin Screw 032 12 ’
—=-— 0O.LP 0% 0.33 112 ! Outward turning

_ —_—— 15% 114

100,000  —-eee 35% " 1. lsf

AC¢ =0.0002 {Hughes)

SPEED OF SHIP (knots), Vs'

13 14 15 6 17 18 19 20 2l 22 23

RN T G Y Y
B—7—b K (44%Ar RiE)
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4.3 BEFETR

184, 2@MEB L0 O.L.P. LMo\ T 0
RSIEOMEREHRET o 700 RBRIZ, &MED, HH
RAE, Fu=0.16TiTo 7, SHNCIZ4AHSFLE + —&
BHRA U LY b —EOFHIMNERE 6 £15°
F320° BxE Uiz, 2O 02K LT, #1%
M, W5 B Sy, PR B Sy, PR

— FULL LOAD CONDITION
A E E DTS a,b, ¢, d, e ITRT, MEHI Fn=0.16
s . , - - M.SNO. 0176 ( TWIN SCREW )
SEREIRAY Vel VDR (=) 2t A0 5 A TR
STARBOARD

1.0
]

|

FULL LOAD CONDITION .
Fn=0.16 33

M.S.NO. 0174 (SINGLE SCREW)

i L .
o 90 180° 270° 360
8

180° 240° 8 300° 360°

H—8—a B—8—b
1T OB, MRF R K ORI HHHEE RS 2 T BT, PRI B K OER T AL O)

(83)
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M.S.NO.0177-1 (100 Dp OVERLAPPING PROPELLER )

PORT

STARBOARD

S
2

X—8—c
w5, FRJ R X ORI FEREE RSN, O.L.P., 0%

(84)
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M.S.NO. 0177-2 (85°% Dp OVERLAPPING PROPELLER )

L% PORT 10 STARBOARD
05

L 1 |
25 5 80" 210° 360"
0

=

A
-02]

-03

K—8—d
BT, WAL K CERGEERS, O0.L.P., 16%

(8)
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M.S.NO. 0177-3 ( 65°%% Dp OVERLAPPING PROPELLER )

STARBOARD

|
360°

X—8—e
AT, HEFS K OCRERGREERS, O0.P.L., 35%

(86 )
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DoHm, (+) 2REEEEY OFRETHE, Vil
Vi3, 28OS, (HOHIRLD (=) DR
DL S MR D51 OERERR Sy & U TR EHRE D 0 J51H
DR BESTH B0, OLP. B, LIholk
TEd, 180° »» 5 360° DD (=) OHIRE, 0°hd
180°D D (+) OEFHEEIFIZELL, FIEEm®
MRS & LT, EB5 0K ORI ERNC D
KX D IZHHrT 120,

HIRA B LT 1 R T RO FEER A2 R —
9 a,b,c,d, e ITRT, 2TMOBENT, MAAMILD
ARliciE» Sihik b b, Tk EFic, »onf
KOS D S N HShbh T3,

O.L.P.O¥4, overlap OEIAHS0 5 3BHBICELL,
T5&, T AEIMAROEIICLES L DT,
PR, FREBOEMT 2EALEONE, TR
7 OHIBF NG E LTI, $HAICAES 2 A0
D&iﬂbﬁ%@%/ﬁftﬁwﬁﬁw% ayx v
0T TOERIHEICIE, YR, B r5 (G
i) ARy vy :JEJJQU:E}%\M? CR BB LN
Do WFHMERSY & LT, —IT, 0=0°E0%%

FULL LOAD CONDITION
Fn=0.16

M.S.NO. 0174 (SINGLE SCREW)

17

G, BIREFICTX D EFici»-TE0, 35%
D overlap JREETIZ, 120, PEFHEINEBRICER
MOFEFERICR v ¥ vV I B X UEMEOEENEN
T3

MAFmOFEET, AEDBICEEDDNT IO
FHEADESDENE SRETEBNOT, BTERBE
RO, 70X OEEFREARD »SREID I L
B34, HRZ overlap DI 35%ICHIA TATKIC
L U EEIE, PIEDHEHRT 235 O overlap DFE
BERRKEVIDHO, x HAOHENLOKESOHEIKES
EEZOND, TOx RO overlap BiZ XD
(b d BRI, ¥Hﬁﬁaibtﬁ—mmééc&
MTE B, TORICENE, FI7 e ONEIR®RT
ORTDERIDRENT E3hbh D,

72, XHR? BB UT, ATER BRI &
DOBFRE RN—11ITRLTH b, T ORI L hid,
O.L.P. itXoTHLNIHERE, 1HbBIU 2O
MEROMIcxTEY, —ooiifg Eicozb ot Bhb
b,

B—9—a 1#MOMERSEB XU R 0 R EAOREHERSY

(87)
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FULL LOAD CONDITION
Fn=0.16
M.S.NO.0176 (TWIN SCREW )
® Ce=0.618
o.'\ STARBOARD L/B =550 )
5 v
& N @ PROP DISK
~. [<3 Q‘"
; o>
0 Q"b
&
Q () '
ob ‘\\ o 0.2
N )

' t
l

2 S AN

H—9—b 2HOMEATB LTS BT F~OREEERS
(88)
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RSB L 0 RIEAOEREHEERSY, O.L.P., 0%

(89)
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O.L.P., 15%

RFEAEB LT 0 TN OREZFERST,

(90)
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M.S.NO.0177-3 (65° OVERLAPPING PROPELLER )

STARBOARD

H—9—e
FRAmB L7 0 R MAOEEEEN S, O.L.P., 35%

(91)
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FULL LOAD CONDITION Fn=0.16
0 M.S. NO. 0174 (SINGLE SCREW )
] W =0.654
0.5
§ 2
o} I | i I | ]
0 04 05 06 o7 08 09 10
_ r/r
H—10—a 18t oD
FULL LOAD CONDITION Fn=0.16
10 M.S.NO. 0176 ( TWIN SCREW ) 10 M.SNO.0177-2 (85°%Dp OVERLAPPING PROPELLER )
— - 1%
B N STARBOARD  0.356
B —— —— PORT 0.410
05 209
gl ] 1 | [ l 01l | 1 | | 1
0 04 05 06 07 08 09 10 04 05 06, 07 0.8 09 70
R R

10 M.S.NO.0177-1 (100%,Dp OVERLAPPING PROPELLER ) 10 M.S.NO 0177-3(65°%0VERLAPPING PROPELLER )

- STARBOARD  0.406
PORT 0.462

W

1.0 04 05

B—10—b 2 fiifit 5 L TU°O. L. P. DI

SUPER TANKER , C4=0.824
FULL LOAD CONDITION
Fn=0.16

07—
SINGLE  SCREW
06— T e
© S CVLRLAPPING PROPELLER
os. 89 — 3
‘31 0 s‘c ‘_. *
o3 T
=04 <
’ ,/V/
7 (]
’
03 %
//
ol &7
1 ] 1 L I | ! \ ;
04 05 06 0.7 08 09 10 ii 12 T3
]/(Im/D)
> [ s A bk
H—11 SEEpERE LR E OB &

(92)
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5.%,’5

AW A U2 AU, AMAO BRI 238
THEDSE D AT HED &N T IBFI4T~484ETH D,
U7ehio THEME UT, 5005 + vBIEKE v —%
EV BT, EMAOBIIIPSH B E, SHONUKZ
VI —OEEEIT OV T ED XD B F AT S R
Thb, UL, RFRICTES NIRRT, BlREA
KBV TAAREEZLNS,

2V H—=OEXLICHEEY, BRI OEE N bE
Bk, 1EdbDOENCERDOS 2 C&@bzm
HB0E 3 HE VD B OHEEEREO RSP, S5
IR RE A ) L & 8 B i 5 AR 5 HANC
THEEDSHED DN T X T2,

SHBAB0HT A VT —

)

AT, AREEED

s, 10AY, 288, Overlapping Propeller
ZOATRRETo7chER, OLP @dxih HE

BEAER LTS, 7275, O.LP. icid, HHOR
g m%@h@ﬁhﬁﬁﬁﬂf@ DT, ThIssEm
2IRAITIE, Vo % ) EERSREEBINT B T LA
5"&’5365 Do L L, A&Icky, overlap OFEEE
ERREL TR o5 OB EAMICHS I E N
720
ik,z%%@,fm&iﬁﬁﬁ@ﬁmﬁbw%é

, PREAICKOERER U EIEVA, INPED
Ew&wO# BT, Vog B LWOERTTZE
BPNBETHH D,

fEAEEO R E LT, FHlicd b L51C, 0&DD
W, 3 fin B8 £ U Contra-
rotating Propeller ORERAZEH L, B EVLEELHE
Mo THhOLREMICELDT, BEOABENI YL
P BTETHD,

BRIC, AR TNTIChi o THEEA N2
WICHEFERTEM R R, W% S U ot BT SR
ZE2 (PRC) OERAICEIBHOBEEXRT 5,

Ducted Propeller,

2 £ X #
1) T. Munk and C.W. Prohaska,

Propeller Arrangements”,

“Unusual Two-

Naval Hydrodyna-
mics 7th Sym., ONR, (1968)

2) HEEHEREMIER RS WRATAE WEE

3) H. Kerlen, 1. Esveldt, and R. Wereldsma,
“Propulsion, Cavitation and Vibration Chara-

cteristics of Overlapping Propeller for a Con-
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tainer Ship”, LS.P. Vol. 19 No. 214, 1972

4) J. Strom-Tejsen and R.E. Roddy. Jr,

“Per-

formance of Containership with Overlapping

Propeller Arrangement”,

N.S.R.D.C. Report

3750, 1972

5)  RIGHAE,
TR HAEHERE T 5 12D ORRICDN T, HAR

BRI & B KRR D D TR
AR

45k 4805, METN444E6 1
6) MERE—, BB, I EHER, “MERBREERIC
T3 BEAMO REFBICONT?, S s

#1285, MHFI454E

(1) fA
Lep

Loww

Cs

Cx

fcB

> <

< Z x WU

A

Kq
7o

7R

101
cu

5 K

FERIEE (m)

FHE Ik EOE X (m)

g (m)

K (m)

FIERE

RIEGREL

rhk R R

HEJT 18] DRI UL L,
AR S OFEEES Ler OB THRT,
hREOHI OBEE (), BEOEHE%
(+

HKAER (m?)

k& (ton)

RIERE &Y 7o B KK R (m?)

7

E#% (m)

EE (m)

7a 7 OEREERE (rps)
a7 omEsEER (RPM)

a7 OFEEE (m/sec)
7'u R OFIER

25 2 MR

bov g R

7Ta 5 B

705 Akl

(3) IEbudk KU

v
Vs

B DEEE (m/sec)
EMOEE (Knot)

(93)
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o WA DHE (kg.sect/m*) P BIRE
IR FIARIEHUREL W A5 2 MEHA — 21T X B IR
ACr  FEfcHd 2 HEEER t 2T A MR
K TR BRI 7 s sheR
Fa Tv— ¥ DHP {z#EEH (P.S.)
g ) OIEEE
v FRARDTRHEREL (m?/sec) H: KEESOMRBEUME, SRIEMER
EHP ##%E) (P.S) ER
(94)
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