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Study on Stern Shapes with Multi-Screw Propellers
by
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Tsuyoshi YANAGIHARA and Toshifumi Hori

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.

Main conclusions obtained are as follows.

(1) The resistance of the appendages attains to about 209 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.

(2) 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.

(8) The propulsive efficiency is kept almost constant in the range that the outside propeller
rotates more fast or more slowly within 10% difference between the number of
revolution of the outside propeller and the inside propeller.

(4) 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.

(5) 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°n -2 SHEEFEER L, EOREAEZZE LN
of a propeller for of a centre propeller ELTFuRIEZHL, Th&HEHERD
quadruple screw ship for triple screw ship EEA Lo T ERTERH T ORS & LT
M.P.NO. 0080 M.P.N0O.0074-C fﬁb?’“
DIAMETER (m) | 0.184 DIAMETER (m) | 0.200 o
BOSS_RATIO 0.18 BOSS _RATIO 0.192 2 ENES 1S5 D&, W.B. Morgan
PITCH (CONST.)  (m) | 0.276 PITCH(VARIABLE) (m) | 0.247 P e SR 1t
PITCH RATIO (CONST) | 1.50 PITCH RATIO (VARIABLE] 1233 | @ 2 ERIRT w25 REHEY IS
E.A.R. 0.70 E.AR. 0819 | THRLABE 2/ 5210k DfT- 77,
B. T. R. 0.05 B.T.R. 0.047 Lan o o — : 1
ANGLE OF RAKE 0 ANGLE OF RAKE 0 48 a5 DEH#% Table. 1iz, 3
NO. OF BLADES 6 NO. OF BLADES 6 M2 & — e« o5 DEHA Table. 2
SECTION OF BLADE AUw SECTION OF BLADE MAU iz, ziﬁﬁij’n/\o? @%E% Table. 3 Iz

Table 3 Principal particulars of contra- T,
rotating propeller

3. HENRE

M,P.NO. Q117 0118
DIAMETER (mm) 184.0 176.45 aBrid, Table. 4icRd X 5ic, F & LTRsEkeE
BOSS_RATIO 0.250 0.261 o N . . = =
] < A - 8 RBE
PITCH RATIQ (0.7R) 1.463 1.567 (FUA0) TIT, BEIKUT/NF X MREE (60
EXP. AREA RATIO 0.742 0.805 DB ETKETIBMEL Y &) 2T 72,
| BLADE THICKNESS RATIO 0.059 0.067 o N ) o )
ANGLE OF RAKE 10° 10° AER T, BB IOHEMER, 7, FoxRsHEHO
NUMBER OF BLADES 5 6
DIRECTION OF TURNING RIGHT LEFT Table 5 Test conditions of M. S. No. 0158 series
SECTON_OF BLADE NACA-16 @=0.8] NACA=16 @=0.8
AX 1AL _DISTANCE 0.26DF, 47.8 TEST CONDITION
M.S.NO. 0158-A | 0158-B | 0158-C | O158-E
¥ MP.NO. 0117  Fwd. Prop. CONDITION FULL LOAD
M.P.NO. 0118  Aft. Prop. d _(m) 0.3200
TRIM (m) 0
. N v (m) | 1582 1612 1602 1586
L7chi=T, W, AsEbE—EHEb > 5L S (m) | 9872 10.979 10.776 10.294
Ly INSIDE; INSIDE; INSIDE;
Zo BOSSING | BOSSING | BRACKET
o ~ SUPPORTING 2
SHMDEGEE, EARKA YA V7« Futs5 &L SYSTEM TWO BRACKETS|
OUTSIDE; | OUTSIDE;  |OUTSIDE;
T, AT OAEIR e RS E2FDT T HIO ., T, BOSSING | BOSSING | BRACKET
. o o= =Ly BRACKET
VL= e FURFELTIR, FOHEIL ZEEKO

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

M.S.NO. 0192 0192- 0192-C 0192-B 0192-D | 0192-N
CONDITION FULL LOAD
AP
d (m)| M.S. 0.3200
F. P,
TRIM (m) 0
vV (m) | 16059 1.6041 1.6083 16068 15923 | 15755
S (m) | 107105 10.6662 10.7636 10.7172 10.5364 | 9.5707
TEMP o RT| 140 1.6 12.7 1.5 23.8 13.7
WATER . [spT] 122 1.7 13.3 1.6 23.3
| | Ny 1 :
RELATIVE ; | Y
SHAFT. PosITON XKD | B0 |- DO a0, [
é ¢ ¢ (3
INSIDE ;
SUPPORTING INSIDE ; BOSSING
SYSTEM BOSSING & BRACKET
OUTSIDE 3 OUTSIDE ;
BOSSING BOSSING
& BRACKET
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Table 4 Kind of tests
w| TEST . ¢ o £
MODEL |52 SK: Skeg DIRECTION ‘ s 5y
SHIp | wE & | &| _ |0S:Docking Skeg OF A T = %
Szl 5| 23| £ [BotBossing | TURNING |  4F OQ
NUMBER | | @ S| * |Bx:Brocket { STARBOARD}
Hl e a fa |daor| £b |fbor| fc | Ad | fer| ke
SK
158-A FCIDI —_ | — Naked Hull —_— —_ - w — . . . .
u
(= 158-N) Ball A%———m
O O O SK | Bo  Bo ? IN IN
158-B | w |Full [Full |Full @@ 7™ loaep| — looeb| — | 0 |25D|%}70| 9300
@© a. |Ball|Bell AR 0.21D| 0.23D
© > O O | SK porousa bt N IN
158-C | 7 [ran| — |Fur j?(:’< ) —  oas| — |ooed| — | O |25D (0, | (5"
> |Ball | 021D | 023D
O|0 RPN o~~~ Ic;‘.w Ic;‘soo
158 -E Fort lFant | — %@@ |~~~ |046D| — |006D| — | O |25D 3“;T,D ar
SK Bo Bo t IN IN
3|188-8| o F9| F<u>|| — @@ Full ~ ™ loaep| — |ooen| — | o |20 [070| 0300
- Ba!l.|Ball. il Balll -~ 0210 | 0.23D
X| pg Be Bo m~ 1]
192 FE)II F?I F<u>ll m FUHT;QQ 0100 — | © — 0 |2.5D |0087D guioo
Bell|Ball. 5Bl 2 IR 0.23D
DS | 8o Bo §/\/_\ IN
192 -A FCU?, F?H FCU)” () | 2= leoo| — | — |os0| 0 |250ocero| o 7°°
LN N 0.19D
o0 N P o0
] i _ . . ,
119281 & e e | — PN 0i50| — |oisp|o3p|24D| 0 |93
M > DS BL ;/\ N 0.28D
— [ o O IEO Bo YN N IN
; 0.39D
192-C | |eo e | — @‘ .~ | — |oiso| o | — |o3pl24D| O |7
o} DS BL LN~ 0.24D
X
192 -N F?I —_— | — Naked Hull. e — —_ —_ — — — . _
Ball.
DS |BosBx BorBx | 1b TN N IN
192-D F9' FCUD" - % : X ) ) Tr\ “™ lotop| — | 0 | — | o |250]ocsrp|23°°
Ball.| Ball. “Balll ™ 0.23D
SK j,BosBx Bo L~ N
202 FUO” FCU),, — Fulll 7~ 2~ | — lousp| o | — |0.30|250]0.170{8 76D
Ball.| Ball. ;i s [Ball T 8210
SK 4,B0 Bo+Bx 3 IN
A . LN N 0.30D
202-A FCU,>| FCu)” — Full ’~"~ | — |oisp| o | — |0.30|25D|017D|0 i6D
Ball.| Ball. 1 gy |Balli 7 892!0
SK B B f o~ o~ 3
202-B | a F(R, F?“ FCU?, 5 ! ) Full 37 | — |otso| o | — |0.30|250/0.170{0. 160
N  Balll 7N N ouT
o >~ |Ball.|Ball. L jBait 0.21D
- K
“loo2-N1| FO N XﬁNokee Hull _ [N A S R E R R
i
> |Ball. .
O[O N ' oo 50
: C .
202-C e lem | — <i>© O(DO — | — looso| — | — [usDe[} o7 [0
Ball.{Ball. 8L [ 0.120w| 0.210w
o110 B CRP O170r | 0.260¢
202-D gu:: EUH - F@ m@m CRP|1.OD|00SD] — | oo |I.6DF e e
Qali. o] , w| O. W
D DIAMETER OF PROPELLER (INSIDE & QUTSIDE )
Dc DIAMETER OF CENTER PROPELLER }
MARKS : Dw " " WING " TRIPLE. SCREW
Dr DIAMETER OF FORWARD PROPELLER
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Da " « AFT "
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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
7 (m) 1.6009 1.5965 1.5894 1.5845 1.5809
S (m) | 105552 10.3724 10.3307 10.1585 9.7616
INSIDE ; INSIDE ; INSIDE ; OUTSIDE;
SUPPORTING | BRACKET BOSSING |  BRACKET BRACKE T
SYSTEM & . .
BOSSING | OUTSIDE; | OUTSIDE:
BRACKET |  BRACKET
OUTSIDE; &
BOSSING BOSSING
NO. OF
4 4 4 3 4
PROPELLER INSIDE;; C.RP

PEFRER 2 f7-70 78, MS No 0192 BLor
0192N ic DWW\ Cid, BIMEHRIZET - 720
BEIERORHE IR Y = — v~ voREHD, Eiic
T AHEBEEE LT dCr=—0.000154%4 L
7o

BRI ~Rs OB, BHRBE0 S oS
[EEE T, & SiIcEliEk AL S ETEBL 7.,
HRERAER, &) —RIThIFT Table. 5, 6 &
D TITRT,

4. HBREBERELUEE

i B
IR (BRRRRE) ok

4.1
4.1.1.

FULL LOAD COND.
M.SNO. [MARK | V(m?) | S(m?)
0158-N 1.5824 | 9.872
0192-N |—-— 1.5755 | 8571
0202-N |--~~-- 1.5809 | 9.762

Fig. 4 Comparison of stern shapes ¢
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TEUBDERKIA L8> T B, FRHEVEDL
PR 7L —a54 VBIRTH 305, R E U DR
DOREBERZ, vV E—27 v S OERICLE DD
TH 5,

4.1.2. BESOEST

BIEBOEI(R Y v v 7B B0ET 547 v b OB
&, BIERD & oM OSEIED SRR RO

I I T ]
TOTAL RESISTANCE COEFFICIENT OF FULL SCALE SHIP
FULL LOAD CONDITION

MARKS;  M.S.NO.
0158-N

T
35 40 45 50

(Rn)s =(%ML)S , (Rn)sx107®

Comparison of the total resistance
coefficients of actual ships (naked
hull)
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KHTIEDELEI DI, 4HBE DIKKRETT 2H0EN
b, oL ilE, SEIO—EDERD D LBRFTETEIO
WEHE% Fig. 6 8L Fig. 7 iT/Rd A3, total head
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REBENHBEEZRIEBONEN, TBOL, V4
— 5 4 ViFfE® head loss OEHDEM E W - 12HR
BHBND, RIC, BROBE LD E KA
WTHIERIT 2T, WE O, BHEHEOAXRS b
5 LD %E Fig. 8 12, MEXVERERTTTOR
Fot#sA Fig. 9 ikKRdds, chicks s, mMED

BRI OE R, 2EINOERD6BEETDH 5,
4.1.3. afHioklk®
3SEoMRIREE T 2ME (M. SNo. 0158, M.

S. No. 0192 & k17 M.S. No. 0202) &2\ T, %

BRI E A2 AL S ¥ T » IR RBR OfE 2%

LIEHFEB O T Fig. 10, Fig. 11 & X¢* Fig. 12
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T30k, URO7 V—»5 74 VIERTEHENRY

vtk > TEEENTWVWA M. S. No. 0192 Tdh

=P
JEA& (M. S. No. 0158) it ToREERIT, ¥
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Fig. 6 Breadthwise distributions of total head loss
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Fig. 7 Depthwise distributions of total head loss
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Fig. 8 Weighed amplitude function
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0.326) T GBI E LS X5 I HRFEDL S
RDLNTW B, MEIRE 3BHEALSETHRL
TAERD S, RERIREOEFEIRE ro 2R,
Z Q% Fig. 13 1WRT, ERIENRE 7w 3, 5
H#EE Fr=0.326 BT UEBIPVEREL S
JRENC K ONTRIBBETHAED HN 5,

-8-
Fig. 9 Wave profile on a transverse line
M.S.NO.0158 SERIES
FULL LOAD CONDITION
MARKS; M.S.NO. K
X 0158-A 0.135
o 0158-B 0.225
A 0158-C 0.305
a 0158-E 0.260
16.005 ]
Cru= RTM/%fMSMUngt I
Z IN A A S &® &s
1 0.004 & B N so @OCAWAO%DQDXX ]
of b 8a & e = e XX X X
co x % o o T
10003 § . —
SCHOENHERR BASIC TINE, Crg
10.002 ]
Fn = V//GLowc
015 0.20 0.25 030 035
0158-8 i i i i h
OISB_C 1 1 1 1 L 1
0158-A,0158-E T 1 ,‘ ! T 1 Il 1 ]
10 15 20 25
REYNOLDS NUMBER, Rnx10® (Rn=Vlow, /1)

Fig. 10 Results of resistance tests (M.S. No. 0158 series)
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M.S. 0192 SERIES
FULL LOAD CONDITION
MARKS: M.S. K
o 0192 0.169
a 0192-A ”
v 0192-B ”
a 0192-C »
X 0192-N  0.135
0.005 o} 0192-D 0.224 N
Ciuz Rm/JZ-/OM Su Vi
z a s
_004 (8] v Jowmos&ﬁ@wg%:@‘oé 5 8 ¢ 58 ——J
S Hbgs B 88 6dZ%x°xX6"""x
4 * N LSS Bnﬂ‘augvmox 9 [
0003 _ . _
© SCHOENHERR B
| 0.002 ASIC LINE, Cro N
= v/hC
010  015° 020 025 030 035
0192-A,0192-B 4 4 L L . 1
! S Y ~ S < <
095 < ooz i — 1 S
01920 : — R RS — —
10 5 . 20 25
REYNOLDS NUMBER Rn x 10S (Rn =Y Llow /¥ )

Fig. 11 Results of resistance tests (M.S. No. 0192 series)

M.S.0202 SERIES
FULL LOAD CONDITION

MARKS ; M.S.NO. K
o] 0202 0.221
a 0202-A 0221
v 0202-B 0.221
a 0202-C 0.175
X 0202-N 0.136

| 0005 . Cru= Rew/5RiSuVid —]
¥
__QOOL L) % os e 989 wavév% o © 0. a o
o x Ovi\jom B e @ 7 oov xvxc\x% 9 2 )DXDVDXU o d
S ax X 88 Ox % OE xa o
1 0003 ¢ ]
O K\—
SCHOEN
0002 HERR BASIC LINE , Cgg
Fn = U//gLDWL
M.S.NO. 0.10 0.15 0.20 0.25 0130 0,135
0202 -B | 4 L L
b} 1 ) 1 B} )
8%8% -A B 3 | T — B
0202 =N )} 1 A X 3
0202 - C T — — 1 —1 1
5 10 15 20 25 28

REYNOLDS NUMBER Rn x10° ( Rn = Ulow/p )

Fig. 12 Results of resistance tests (M.S.No. 0202 series)
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WAVE MAKING RESISTANCE COEFFICIENT
FULL LOAD CONDITION
MARKS ; M.S.NO. K

0158-N 0.135

—=-— 0I192-N 0.135

—————— 0202-N 0.134
la0os .
0004 Ty=rw /1R, 0§ UL a

Fn =U/YT Tom

Oil5 0.[20 0. |25 0[30 0135

Fig. 13 Comparison of ry under the naked
hull condition
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T3,

4.2. B AR
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Fig. 14, Fig. 15 B X" Fig. 16 kKxRd, Fus
BMEENCE 1 2 7 0 5 MR OB B - 1
DT, BB ORI X 2 RBERE0A 2 ER
LTH3,

BRI O & BMARBR O RZ LI TIORY,

4.2.1. M. S. No. 0158 (JE#d)
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Fig. 14 Characteristics of a propeller
for quadruple screw ship, in
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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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Fig. 19 Results of self-propulsion tests (M.S.No. 0202 series)
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Table. 8 Kind of wake survey at the propeller position (bully loaded condition, Fr=0.326)
NOMINAL
POSITION OF o ;
M.S.No. WAKE SURVEY WA(I;}I;) REMARKS
OUTSIDE PROP. 0.127
0158B
INSIDE PRDP. 0.102 QUTSIDE PROPELLERS : WITHOUT
OUTSIDE PROP. 0.115
0158C
INSIDE PROP. 0.090 QUTSIDE PROPELLERS: WITHOUT
OUTSIDE PROP. 0.052
0192A INSIDE PROP. 0.084 OUTSIDE PROPELLERS: WITHOUT
” 0.076 ” : OUTWARD TURNING
INSIDE PROP.
ON STARBOARD | 0-180 " 7
INSIDE PROP. 0. 204 OUTSIDE PROPELLERS: OUTWARD TURNING
02028 ON PORT ) INSIDE PROP. ON STARBOARD : WITHOUT
” 0.184 OUTSIDE PROPELLERS AND INSIDE PROP.
: ON STARBOARD : OUTWARD TURNING
CENTRE PROP. OF .
TRIPLE SCREWS 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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Fig. 21 Wake distributions of M.S. No. 0158 B
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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)
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Fig. 24 Effect of outside propeller
race on the flow at the
position of inside propeller
(longitudinal component of B . - B.L.
Wake, M' S NO. 0192 A) ¢ AT THE POSITION OF |NSIDE 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. 0192 A)
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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
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Fig. 30 Wake distributions of M.S. No. 0202 B
(centre propeller for triple screw
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