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Abstract

The research and development of large high speed container ship has conducted from

1972 to 1977.

The imposed tasks are to research and develop the container ship having the follo-

wing conditions :

average speed : 34.6 knots
length of ship: 300m

the number of container : 3000
engine out put: about 250000 ps.

Among various kinds of researches, the study on stern shapes with multi-screw propellers

are dealt with in this paper.

Three models with different stern shapes were tested. The kinds of tests are resistance

and self-propulsion tests, wake survey at the propeller position and wake survey far from
the model.
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Main conclusions obtained are as follows.

The resistance of the appendages attains to about 20% of the total resistance in the
case of the model. The problem on ship-model correlation on the appendage should
be solved in detail, in realizing the actual ship.

Propulsive performance of the triple screw-ship is better than of the usual quadruple
screw-ship. Especially, the adoption of the contra-rotating propeller instead of the
centre propeller of the triple screw-ship, gives the best propulsive performance.

The propulsive efficiency is kept almost constant in the range that the outside propeller
rotates more fast or more slowly within 109 difference between the number of
revolution of the outside propeller and the inside propeller.

In comparing mean propeller efficiency between outside and inside propellers using
the design chart of propeller, the best propeller efficiency can be achieved under the
condition that both propellers induce the equal thrust.

According to the power estimation method of actual ship, delivery horse powers of
the ship at Vs=34.6 knots with quadruple screws (M. S. No. 0192), triple screws (M.
S. No. 0202C) and contra-rotating propellers (M. S. No. 0202D), are 235000 ps, 222000 ps
and 218000 ps respectively.
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Fig. 1 Body plans and stem-and stern shapes of M.S. No. 0158 series and
principal dimensions of series models
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Fig. 2 Body plans and stern shapes of M.S.No. 0192 series
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Fig. 3 Body plans and stern shapes of M.S. No.0202 series
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Table 1 Principal particulars Table 2 Principal particulars 7 o7 EEEEFERL, BIESEZELL
of a centre propeller o | tro~52#ztL, Ch&HBILD
for triple screw ship FEEHEL>FuRFAERATa<TELTE

of a propeller for
quadruple screw ship

M.P.NO.0080 M.P.NO.0074-C
DIAMETER (m) | 0.184 DIAME TER (m) | 0.200
BOSS RATIO 0.18 BOSS RATIO 0.192
PITCH (CONST.) (m) 0.276 PITCH(VARIABLE) (m) | 0247
PITCH RATIO (CONST) [ 1.50 PITCH RATIO (VARIABLE] 1.233
E. A.R. 0.70 E.A.R. 0.818
B. T. R. 0.05 B.T.R. 0.047
ANGLE OF RAKE 0 ANGLE OF RAKE 0
NO. OF BLADES 6 NO. OF BLADES 6
SECTION OF BLADE AUw SECTION OF BLADE MAU

Table 3 Principal particulars of contra-
rotating propeller
3.

M.P.NO. 0117 0118
DIAMETER (mm) 184.0 176.45
BOSS RATIO 0.250 0.261
PITCH_ RAT(O (0.7R) 1,463 1.567
EXP. AREA RATIO 0.742 0.805
BLADE THICKNESS RATIO 0,059 0.067
ANGLE_OF RAKE 10° 10°
NUMBER OF BLADES 6 6
DIRECTION OF TURNING RIGHT LEFT
SECTION OF BLADE NACA-16 @=0.8] NACA—16 @=0.8
AX 1AL DISTANCE 0.260f, 47.8

% M.P.NO, 0117 Fwd. Prop.

M.P.NO. 0118 Aft.

Prop.
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Table 5 Test conditions of M. S. No. 0158 series

TEST _CONDITION

M.S NO. 0158-A" | 0158-B | 0158-C__ | 0158-E

CONDITION FULL_LOAD

d_ (m) 0.3200

TRIM_(m) 0

v (m) | 1582 1.612 1.602 1.586

S (m) | 9872 10.979 10.776 10.294
INSIDE; INSIDE ; INSIDE;

SUPPORTING BOSSING aos&smc BRACKE T

SYSTEM TWO BRACKETS|
OUTSIDE; | OUTSIDE;  |OUTSIDE;
BOSSING BOS&SING BRACKET
BRACKET

Table 6 Test conditions of M. S. No. 0192 series
TEST CONDITION

M.S.NO. 0192 [ o192a L 0192-C 0192-8 | 0192-D | 0o192-N
CONDITION FULL LOAD
A.P
d (m)| M.S. 0.3200
F. P.
TRIM (m) 0
vV (m) | 16059 1.6041 1.6083 1.6068 1.5923 15755
s (m2) | 107105 10.6662 10.7636 10.7172 10.5364 9.5707
TEMP oA RT 14.0 1.6 12.7 1.5 23.8 13.7
Roy ST 122 1.7 13.3 1.6 23.3
| | [ ‘ ;
RELATIVE - o O s - e
SHAFT POSIT X ﬁ'ﬁﬂ'ﬁ ‘ O '
&
INSIDE ;
SUPPORTING INSIDE ; BOSSING
SYSTEM BOSSING & BRACKET
QUTSIDE 3 OUTSIDE
BOSSING BOSSING
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Table 4 Kind of tests

w| TEST . ¢ T
MODEL | &3 T o | oKiSkes DIRECTION ! & 1%
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Table 7 Test conditions of M.S. No. 0202 series

TEST CONDITION
M.S.NO. 0202 | 0202-A | 0202-B [ 0202-C | 0202-D | 0202-N
CONDITION FULL LOAD
d (m) 0.3200
TRIM _ (m) 0
v (m?) 1.6009 1.5965 1.5894 1.5845 1.5809
S (m?) | 10.5552 10.3724 10.3307 10.1585 9.7616
INSIDE 3 INSIDE ; INSIDE OUTSIDE;
SUPPORTING BRACKET BOSSING BRACKET BRACKET
SYSTEM & . .
BOSSING | OUTSIDE; | OUTSIDE;
BRACKET | BRACKET
OUTSIDE;
BOSSING BOSSING
NO. OF 4 4
PROPELLER 4 4 nsioe; R
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Fig. 4 Comparison of stern shapes
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Fig. 5 Comparison of the total resistance
coefficients of actual ships (naked
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Fig. 6 Breadthwise distributions of total head loss
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Fig. 10 Results of resistance tests (M. S. No. 0158 series)
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M.S. 0192 SERIES
FULL LOAD CONDITION
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Fig. 11 Results of resistance tests (M.S.No. 0192 series)
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Fig. 12 Results of resistance tests (M. S. No. 0202 series)
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Fig. 13 Comparison of r» under the naked
hull condition
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Fig. 14 Characteristics of a propeller
for quadruple screw ship, in
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Fig. 15 Characteristics of a centre propeller
for triple screw ship, in open water
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Fig. 16 Characteristics of contra-rotating propeller, in open water
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Fig. 17 Results of self-propulsion tests (M.S.No. 0188 B)
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Fig. 18 Results of self-propulsion tests (M. S.No. 0192 series)
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Table. 8 Kind of wake survey at the propeller position (bully loaded condition, Frn=0.326)

NOMINAL
POSITION OF
M.S.No. | HOSITION OF w§5g) REMARKS
OUTSIDE PROP. |  0.127 |
0158B ; |
INSIDE PRDP. | 0.102 ] OUTSIDE PROPELLERS : WITHOUT
OUTSIDE PROP. | 0.115
0158C : ;
INSIDE PROP. | 0.0 | OUTSIDE PROPELLERS: WITHOUT
OUTSIDE PROP. \ 0.052 ‘
0192A | INSIDE PROP. i 0.084 i OUTSIDE PROPELLERS: WITHOUT
" 00 " . OUTWARD TURNING
INSIDE PROP.
ON STARBOARD 0.180 ” ”
INSIDE PROP. 0.204 | OUTSIDE PROPELLERS: QUTWARD TURNING
oo | ON PORT : INSIDE PROP. ON STARBOARD : WITHOUT
, 018 | OUTSIDE PROPELLERS AND INSIDE PROP.
: ON STARBOARD : OUTWARD TURNING
CENTRE PROP. OF .
CENTREPROFLOF 0,165 | OUTSIDE PROPELLERS : OUTWARD TURNING
OUTSIDE PROP. |  0.105 |
0192
INSIDE PROP. 0.063 | OUTSIDE PROPELLERS: WITHOUT

N.B.,, WAKE SURVEYS EXCEPT M. S. No. 0202B WERE ALL CARRIED OUT ON STARBOARD

SIDE.
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/ N AT THE POSITION OF INSIDE _PROPEL LER - _ AT THE POSITION QF QUTSIDE_PROPELLER . B.L.
[ %
Fig. 21 Wake distributions of M.S. No. 0158 B
[ - AT _THE_POSITION OF INSIDE PROPELLER . AT_THE POSITION OF QUTSIDE PROPELLER - B.L.
<

Fig. 22 Wake distributions of M.S. No. 0158 C
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\ Fig. 23 Wake distributions of M.S. No. 0192A
(outside propeller)

AT THE POSITION OF OUTSIDE PROPELLER

——— WITHOUT OUTSIDE PROPELLER

-===~ WITH OUTSIDE PROPELLER

Fig. 24 Effect of outside propeller
race on the flow at the
position of inside propeller
(longitudinal component of . . . B.L. I
Wake, M. S. NO. 0192 A) ¢ AT THE POSITION OF INSIDE PROPELLER
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Fig. 25 Effect of outside propeller race on the flow at the position of
inside propeller (flow pattern, M.S.No. 0192A)
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Fig. 26 Kinds of wake survey (M. S. No. 0202 B)
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Fig. 27 Wake distributions of M.S. No. 0202 B
(inside propeller on starboard)
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Fig. 28 Effect of forward propeller race Fig. 29 Effect of forward propeller race
(longitudinal component of wake, (flow pattern, M.S. No. 0202 B)
M. S. No. 0202B)
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AT THE POSITION OF CENTER PROPELLER B L.

Fig. 30 Wake distributions of M. S. No. 0202 B
(centre propeller for triple screw
ship)
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