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Abstract

In the present paper, An emphasis is laid upon effects of stern bulb on hydrodynamic
property and manoeuvring performance.

We carried out captive model tests in circulating water channel with two ship models
of which the frame lines of aft bodies are different, such as normal stern form and stern
form with bulb, but of which the other parts are exactly same. The tests conducted con-
sist of hull resistance test, effective thrust measurement, oblique tow test, and mea-
surements of factors related to rudder force.

From the results of model tests, we discussed effects of stern bulb on hull forces and
on hull-propeller-rudder interactions, comparing with normal stern form. Furthermore,
we also discussed effects of stern bulb on course stability, turning ability, spiral charac-
teristics and zig-zag manoeuvre by computer simulation.

As a result, it is clarified that the adoption of stern bulb makes course stability the
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worse and turning ability the better. The difference of the hydrodynamic derivatives of
naked hull between two ship forms cause the worse course stability of the ship with
stern bulb. The differences of the effective inflow velocity to rudder and hull forces in-
duced by steered rudder cause the better turning ability of the ship with stern bulb.

1. M9

Aute) A F &3S AT N2 MYEA =
&8 AAA TS AT ARy e, D
wte) 2EA o) taksl T 2FY Y BHIE
HetA AUct. o|s) FHSS A AL F(Inter-
national Maritime Organization, 9&3 IMO)
dMe Aute] obA gt YR Fi3ke) 45 &
BEZ 9s)M ZZFA7]F(manoceuvring standards)
& ARSI 1, o] 71E Lol T 53} F ]
tH1]. et olzl ZAEA P E ZHAR F)
o F NzA e 2EA G A3} AN FRE 71AE
Z224 AA 22 (manoeuvring booklet)e] 2Hd
& ARsE em(2], ke Adde ol3= AF
AolM o7 2o uHE Aoz d4dd. walt
A olej g FAA FAE AN, 271 A DA
MN5E 2F35E FE3) n2ig AFAA7) 43
olty, AT(HHE) T 2FF FHHY &Y T Al
& Al o T 4 2ot

F24% G4 YA A2l ugtd MulR A
o) A, Muld BA (ship with stern bulb)& 32
ot ohel MAFe| ARddE olf=
& ZA%dA BHLZ AF@HE) ) AdsEn 9L
AMnjdadolgt T2d A U= FH 5
st oz A FNESE Y AZ
UEZ uotd APogA, Zzdy A Any
AERR) o2 F, AR Ty e (frame
< A AP AupS 2Eg 9 Moy g
& Z2FA%H 94 BAV Jor, 53] g
o] A% Anjgite] aole 2FA ol A3t G
oA 3], 2= B33t F7AA AupEE

2% #EE 2R B A7t o] Fo
27 FUTHA5). AoldBE Ayegdoen =FA4
Fude] FAEHITA AFSo] %A Wy,
o] 2 &l 2FAFo] A1EA HEs=rHE HEE)
3, o5 ALA HAE WHelA goda T 27
AAGA NN ZFA ) BT A3 w7} s E A
ojt},

o]2j gt ui A sl B Ao Mute] AP x%

e e ofdr

o ¥

A

3
A
=

: o% Ay tlo £ &2 o ofy
o
4

ol

x
o
N
M

e 3% 2 2F8% 40y Mde] Iz A
njdHo] sfejo] 2EA e e S dPR
2 AL 48T, ol Y ARE ol 83l 2F4
AlEHol - F3te] MulHB ANHgA] 2FH 59
244 ¥zlel o 4de FH =3 sHTh. A
S2E, AujEEE AYstx] ol Ao dwrA
Al F4E 2 dEH vgdgdozy 443
Ax[6] ot olel 2EAE AE[7)) 98] TEE
o] 3+ Esso Osaka®(HAe $£x7+3 325m,
278,000 DWT) X2 2m Ry & 7|Fo= &1,
Au|BE A9 Uz Fae 71EAgE FYER|
o Mol Fd Zggdeele 534 HEE A9
AFAE 2m RPAS FAHCE slo
A T 2¥dAe 24 234 #H 1452Y

Algte] MuldHe] sfglo] 2FAPF FHAE FAF
A FHAFH o3t & vR=IE RAL
A8t aelm oA 33t FAFIEA Ars
Z2Z4 FERde HEAA FHAEHIEE 3
dlo] F MBol 2EAPe AolE s, Mupd
B agoz g 2545 F4AQ HE nEs
Atk W, 234 YRR e D A AAdez
3HE D Qe 2EY 3 Rd S MMG #85d
£ o] 83ATHs]. Wt FEEHAIFES Y ¢ =
39 AlEHlAY FAANE MMG £8249 g 7
Eoz 3t} o122 Esso Osaka 7I&X ¥ gt
Z2Z4 A&l A on FEH U= A3
FRPAY A7)9e vwatgch @, EH(7]A
42PN 2 AFIFRYAENSS E4E Al
A EFolx, £ dFoNY &2 HAH L S &
o dRAFA e, F E59 Aol o Thd

d

2. XY 829

Fig. 17} 2o] Aol w38 SHEAE Cupz, 5
Wol 1HY TRAEAS OXVZ 3 &), F2EA
o 22 BYFFolY PR RoEBEL D)
@ 2325 71BAL o3} 2o) 345 Ak

Transactions of SNAK, Vol 31, No. 3 August 1994



AnYuE Ze el 2E540) BE A7

(m+m,)u-(m+myor=X

(m+myo-(m+mur=Y )

U, +Jz)Fr=N-x5Y

71 m, m,, mye 27 AA9] AF & UF
FAF, y& W kRl L, J & 4% 2%
F90 AFBYESNE 22 F99] RIIHAY T A
Eo|t}h u, v, r& A7 FAFA GAAY 23 W
£ JE y& B 5 4R 2% FHY 4dE=
Aot u, v, re 247 u, v, re) 13 EfFelt
X, Y N& zzk BAZA G7} obd, AMFF(mid-
ship)ollXe} x3 W& F4AH, y& W T4,
AAFLE AUL 239 FYPF Z #F F/HAY
Z9MEC xot ANFYE AEAHZ HYS
W FAFA G #HEo|th FH FHAF X Y N2
FASA G7F obd, QA FLel BaM F AT ol fe
FhAEe o] Ate Hw EE FEEFAGY
9 Bl g =2ab7] g Reloh

X

Fig. 1 Coordinate system

AAFGoMe FRAH X, Y, N& MMG 782
8]l A T3t 2] A ETH

X=Xw)+Q1-t)T +0.5pLdV?{X,,v"*
+X,0'r + X;,r'?) - cgx Fy sind
Y =0.5pLdV2 (Y + Y7 + Yy,
+ Y, 02 + Y0’ + Y, )
—~(1+ay)Fycosd

RGBS &R 314 B3 19944 8H

67

N =0.5pL*dV2{N,;v’ + N/r' + N,,,v"
+ N, v%" + N,,v'r'? + N/,.r'%)

—(xg +ogxy ) Fy cosd (2)
A7 cpy, oy, xge A Bl FIAHIGS

Uehie dg3 st 283 dALs dFu, v r
T FRAY X Y, Ne 453 2o] #1423y,

uw=uv/V

r=r(L/V)

X', Y =X, Y/0.5pLdV?
N’'=N/0.5pL*dV?

&)

©, L AA Ao (470, d: BaESF,
V: &5, L !

a3 e Fy & thg#) o] EAjd,
Fy=0.5pAgf,Vg'sin og 4)

o714
fo=6.13A/(2.25+A) <&, A: El2] $3u)

281 g FARUEE Ve
VR = u}zg + 1)123 ®)

ug =enP1-2(1-nio)s +{1-nk(2-k)}s? ©6)
Ur =yuR(B—-lR' I") (7N

o714 e= (l-wg) /(1-wp)
wp= wpoexp {~4.0( B~ x'pr")?}
Wp= WpWro/Wpp

k= k. /e
"= D/H
s= l-up/(nP)

Up= u(l_wP)

o wpo, Weo: AAA Zede] L AR A
SEUFAS
k: zadAd & FAEEe] F58
D: zzae 27 H: e &0l
P:=gde 2K, r: A{AF



68

aelz, el RERYLE apd

ar=8-tan(vg /ugr) s 8—2vgr, /ug (8)
=8-7(B-lx 1)
3. PEPHME

3.1 gfex o SANE

(1) S 7rz

2 Aoy FEEEA Y o] 8¢ 3 Frze
°} 12.5m, % 2.2m, Hth&ol 5.2mQ 298 =T
of #Aegdd oz, AZEA AFHEE Hof Sm,
Z 1.8m, ¥4 0.9mo|t}. & 3 Fez9 NEA=E
Fig. 21 vehdth, #4238A8 & A3 A9
pxRox9 FHEXE Fig 3, Fig. 4o vepdch,
& 234 e T2H3 KEAE ol g3, Al
%9} (wave suppressing plate) 2 2F€ 1.0m %
A (2m REAS HAEE o ZFA F. PH
2ol AANA 2 weke) £ Wgo g {§4g
233ttt 2A B2 49 Aate BF 3%
oj@ol x| gt AA A F49 FUeE F5§ Holg
TE 2 4 oo geeg, #ERA TR ARE
Holle dutd oz A (EER) S FABA 18
o YR Fe] At olEL HFTIAAM AF
Agol Y g gkg ulzin,

Fig. 2 Schematic diagram of circulating water channel

-
e

2R ZANAA N AFEHS £ E M H(ser-
vo)d #nAE 233 Ao ARE Fig. 59 et
e}, B A RezdAe] &4 Ao ostd HAlst
o) g3 Hye=

=

Hy,(mm)=2.0V¢ ©& V. %% (m/sec)

2912 FAse e, 2318 TR o) 24

A=2r-V?/g @ g FHNEE

(V-¥m)/Vm * 100

-205% aq W0
-2 —
o]
o
q
4
o
H 5
<
H o °
[
E Q O Vm = 0.61 m/aec
.E o O Vm = 0.71 m/sec
& o
3 b
3 T
» 24 P
i a
[
o
©
SJ ©

Fig. 3 Velocity distribution on the centerline of working
section (Vm: mean velocity)

T T T — Y T
»
8
H DEPTH ; 10 om
.
£ 4 0
So — 2 () & v — &
RE| v 3
-
4 ~ o ¥m = 0.62 m/en
el s 2
4 3 ¢ Vm = 0.7 m/eee H
1 i ;
[ o
L. L s " . . L L "
-80 -60 - -20 60 80

[ 20 40
Distance from tank conter (em)

Fig. 4 Velocity distribution breadth-wise at working
section (Vm: mean velocity)

{{m"‘\) vV = 0.8 m/sec
1 -
1 SN —a - ~
_j\_. R e ZE 3 TN NN 1
- Distance from the suppreseing plate (m)
a(m":) Vv = 1.0 m/seo
: -
j 77T = s~ P - )

Fig. 5 Steady wave profile at working section
(C: depression of wave surface)

Transactions of SNAK, Vol 31, No. 3, August 1994



AU EE 2 e 23R40 BY AT

g dA2 ¢F3z gl aela ARERY His
WAL 0 Gt o

V? V?
0=C ——/(1-— & h: $A
2gh ( gh) T4
2} o] EAIE 9] & Rz A A5 C
£ 0.004659] #& Zedh a8a FHARES &5
of weg} b7ty tax 9t g 1~2 mmBERA %

53 Holoh

(2) A8

B Ao e 2 AFeiushrt &3 A o
£& a3stn, AXAE z8[6] #et ot 24F T
22308 A3 YAlY A5[7]7 9] TR
o} 2le 278,000 DWT 27 Esso Osaka® A%
& AR89t Esso Osakais AMu|EBE g3}
2 ol g Ade] dubd M) H4g e gEH<
vt A golth Esso OsakaXl ¥ (o]8} 71&EA o)} 3,
A2 H%7] ESSO OSAKA)9 2m E¥A 133 18
T ANEE A Yojr| gL 73T $dsiA
o AnE Fot Tageield 234 HEE Q9
W3 Esso OsakaX 3 (0|3t dndudolet &, I&
E7] STERN BULR)9] 2m &AM 13 & Zt2 A%
9t} Esso OsakaX¥9 #8955 Table 1o}, 2
g 71EA8 Aojgrde FUEE Fig 60 vl
atod veldcl, el 7)1EA e MejEaxe] Mui
249 (profile)d AHRE Fig. 7o) Uehdc}l &3, 4
Aol Ag-de Elol 73 A(shoe piece)7t AX|F <
Qo B wyMo] Aol 7|FA, MujdBAM &
% #)7)eb(hanging rudder)d ¥EE stz Ut
a8n FEERAde Ri¥ee /AT Mujdd
Ao thzto] EYE A(Table 19 HA)E A&
c},

1 ) ) F] -
oo & u Y

LT
B
Pre

—— ESS0 OSAKA
- -~ STERN BULB

Fig. 6 Body plan of ship models

32N 20 3l 1Y
(DAYAE 2

AREBHERSUE H3148 HIM 19944 8A

69
Tablel Principal particulars of ship & model
[tems Ship | Model
HULL
Length B.P. L{m) 325.0 2.0
Breadth B(m) 53.0 0.3262
Mean draft d(m) 22.05 0.1357
Trim (m) 0.0 0.0
Block coefficient  Cy 0.83 0.83
Rudder
Height H(m) 13.85 0.085
Area ratio 1/58 1/58
Aspect ratio 1.54 1.54
PROPELLER
Number of brades 5 5
Diameter D(m} 9.1 0.0537
Pitch ratio P/D 0.705 0.820
Expanded area ratio 0.682 0.650

Fig. 7 Stern profile of ship models
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Table2 Hydrodynamic derivatives

ESSO OSAKA | STERN BULB

m, 0.0214 0.0214
m, 0.2184 0.2184
J, 0.01082 0.01082
X, -0.0245 -0.0245
X, 0.0 0.0
X, - 0.0255 - 0.0255
Y, - 0.3647 -0.3224
Y, 0.0932 0.0792
Y o - 1.4669 - 2.3221
Y 0.1330 0.1330
Y., -0.2920 -0.2920
Y., 0.0182 0.0182
N, -0.1478 -0.1613
N, - 0.0533 - 0.0480
N o, - 0.3493 -0.1439
N or - 0.2350 - 0.2350
N, 0.0499 0.0499
N - 0.0127 -0.0127
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