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Experimental Studies on Hydrodynamic Forces
and Moment for Maneuvering Motions
of Fishing Vessels — III.
On the effects of ship loading conditions

Keiichi Karasuno*, Yasuhito INaBa** and Syunji Jyanuvma*

Abstract

The authors have studied the hydrodynamic forces and moment for maneuvering
motions of small-sized fishing boats. The lateral force and yaw moment of three kinds of
fishing vessels, effects of ship speed on nondimensional force and moment at low speeds and
comparisons of experimental results with calculated ones using Inoue’s formula were reported
in previous papers. )

This paper describes the effects of ship loading conditions on the forces and moment
using a 1/6.5 scaled model of the 6.5 GT. fishing boat, and furthermore the results with large
drift angles in ahead and astern motions.
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HERDRORBRREIZOWT

FERICH IR, R AT A, ERAME, 50T - 2 OBAEIIRE? 0D LR
LTHb,
EREOAREYEICTT, COEEBO LS vy s THIIENRTETEF -1 TF1 vb
052m DEFXICHH, BEEKI052m B LTHEDKE FOMRRBIAKES RS, 20k
FieowT, EREBOKE TREY KREMREABR T > TR 1R, AEEBLEAL X
5~—FFr A4y, ROt F vy afiBE b o—Ro/pBEKE TR, BEOEMICETERIE
DTV ATWRMNERERSBDD ZENISBRIhEZ LTHED, SEOERTIE, &
DRIZTREND L 5 IR » KRB oW CORTEES Rt & B8t wmagH X, Y, N 25l
LEBE T, AEBRTREMBOEIL KA 0.715 m, 0.585 m, 0.455 m =3t L T % h# # Condi-
tions 1,2,3 & L7, 723 Condition 1 13382 CHE L - BEREBICHEYT 5, S BHMEEY
B BT, BLGREEBE LTI vy v 774 v —2BE SS.91/2 0B CHREYEL LS

Table 1. Principal dimensions of a fishing vessel

Gross tonnage (ton) 6.5
Lop (m) 115
B (m) 2.9
D ~ (m) 0.95
Bar keel height

at midship (m) 0.15
Initial trim (m) 0.43

Condition Condition 1 Condition 2 Condition 3 Condition 4

Displacement (ton) 17.25 12.96 8.95 8.95
d,* (m) 0.715 0.585 0.455 0.455
d {* ( m ) ” 7 ” ”
dn* (m ) 7 ” 7 V4
d,** (m) 1.080 0.950 0.820 0.820
d* (m) 0.650 0.520 0.390 0.390
dp** (m) 0.865 0.735 0.605 0.605
C,* 0.683 0.642 0.576 0.576
C,** 0.565 0.511 0.433 0.433
Area of wetted

surface (m) 47.21 43.67 35.49 35.49
Projected area

of the profile

under water (m) 10.17 8.40 6.71 6.71
Area of water

plane (m) 33.19 32.52 26.86 26.86
Tripping wire without without without with
d*/ Ly 0.0622 0.0509 0.0396 0.0396
(da**-d**)/dp** 0.497 0.585 0.711 0.711

*: from base line
**: from bottom of bar keel
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B KE R EH DY, LTOFBLOBEEN Fig. 1. Profiles, water plane and section of
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Condition 4 DK K2 K1 6% H13 Condition 3

EHRED ATy FIARL, o7 A— FEH 0L L ED LEFIREO BB ROME T
ZEL W EOLEAKREEEX NI A LItk Y ERBREROHABE ARG EI- T2 EE L
%, Conditions 1,2 ¥ L 083 OB ER O SIEP K L VL IERREY R 3 wRT,

U EDERY 25 &, giEEICHK T, Wih o Condition I\ Td Fn=01 579 25
SETEBEEENROND, FRIVERETCRIEHE? chbiiic L H i, HiEo¥ENKE
<, BEBOBMUEERCI TS RERN S EBbh s, ¥, Condition D&, b7 v Y
AMEBOBKBEICL - THIKESIC A& 52%4 L, Condition1 & Condition 2,3 & 1ZV1 5
ERENRD D, —J, BEEFICEVTHRIY, + 5 v Y A0FEIZL - T Condition 1 & Con-
ditions 2,3 & DRI ELELD b, BRESOE= oM, i EEFE A Condition 1 @ ZIZE
bhT\ 5, Zhii, Condition2, 3 DMEKXE FKAPLETWB I LiRL D, BREENED
T oo b Th oD,

WF

2. SBEORKEN RN AL IS VE)

4,5 % X 06 T hFh Conditions 1,2 35 X 0° 3 DFIER (£R), HER () ©ow
T, BiEhA g=—75~200% (v=0.131~—0.342) @ﬂ&&(fzﬁfﬁﬂiﬁt -2+ X, Y N %
RUP (Fn=0.1), Z£EOKE, £, —HA#EB3IFhLh Conditionl itk X, Y, N n&F
Ex ORI CH D, X, Y, N & 412 Condition 1 L » % Condition 2,3 D F VN EEXRL
T, 20 320D/ TH 677> Condition 3 DRTLEFHEFD N OELA K X Iy
RLTWA, =4 F 2D v Tfiio Condition & 13D~ FADE— 4 v + (O) &R
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Fig. 2. Ahead resistance in ship loading conditions 1, 2, 3 (C,=R,/(0.508,U?)).
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Fig. 3. Astern resistance in ship loading conditions 1, 2, 3 (C,=R./(0.508,U?))
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o Condition | U=0.4m/s(Fn=0.096)
Y aX'x10 aXx10 N
Ahead nerlozz.O “x|10 4.0 Astern o
. X10, ,
. oN'XI10 oNX10% 4 P
N A
- 1.0 20 ~
~. Ve
TS of X"
-y ‘h.q—\—::‘!r”d———.——l—-&———.———_‘
-03 ~0.2 -0 [+) v -0d 0.2 03 v’
O e e A b B —— b
x' A / —|‘°
e Y’
-1.0 * -20

Fig. 4. Longitudinal force X', lateral force Y’ and yaw moment N” with small drift
angles in ahead and astern motions (Condition 1).

X’ =X/(05 p LdU?), Y’ =Y /(05 p LdU?), N'=N/(0.5 p L2dU?)

Condition 2 U=0.5myg (Fn=0.12)

N
L]
g 4 Xx10 aXx10 i
.Ahead o¥xig, 20 u¥xig 40 Astern e
oNxi 0N'x|073°\ P
N,D\\ * /
~. .
o 10 20 e
~. e
~. .
¢ ° o g\"\ 1.0 e X’
G e o e S et sy
s=03 & -02. Ol - 0P & v -0t [OT~E_® 402 03 ¢
e ] . /3/ -0 Y .
-10 ’ -20

Fig. 5. Longitudinal force X', lateral force Y’ and yaw moment N’ with small drift
angles in ahead and astern motions (Condition 2).

X' =X/(0.5 p LdU?), Y =Y/(0.5 p LdU?), N'=N/(0.5 p L2dU?)

Condition 3 U =05m/s(Fn=0.12) N,/«/
v’ aXx10 2p 4 Xx10 //‘
Ahead uy,,gz »¥ug *° Astern 7 *
R oNx! ® N e
N'E\\\ 30 e ¢
*D\_ 1.0
~.
~.
o D\‘
}~} . o ©
3703 & 02 = & 20 w8 oV
________________ | o
X' I
-1.0

Fig. 6. Longitudinal force X', lateral force Y’ and yaw moment N’ with small drift
angles in ahead and astern motions (Condition 3).

X =X/(05 p LdU?), Y’ =Y/(0.5 p LdU2), N'=N/(0.5 p LzdU?)
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B Y i\, Condition 1 & Condition 2,3 & LK EENRD B, Condition2 & 3 DT
Digve CTOMARHENX, 3 -2 -4 vt N 2B CHRBECHB, 1072 L, #i#EFo Con-
ditions 2,3 O N DZELIZ K E -, ZOBHAFB LR THD, LERo<T, vy LRSS
DYt ~D R 3 Condition 1 & Conditions 2,3 DIERDE(DOEF»HETAE VW E=2 2
TH5H5, £z, % Condition Kk BAEAEOE T, X,V I KIZERE Bl A, = —
E-AVEPNECRRECEbR, BRM Y ALHBRRY VSIS ORBIT L b #ERO N 35
BLDRDKELS LT B, 2 IR LELSZ 0.1 m/s, 0.3 m/s DESEI 35\~ LFEREIT -
T, RAFOBEOMER LB % (Appendix 1-4),

3. MRORES RN AHK & V)

AR OV THER R ALK X RO B8 < WENHRARD 1D, R ORELD 90 E
(RIE), F X V180 EEm 5> 270 (HE) 1KoV CAMRBR 2 T >0 CHIED VTR T,8 1 O°
9L h X Conditions 1,2 3 X V'3 DIERRRLE, BB CRBEDER & v @< i
BHRIRLTHB L LT, f=0~360 EOHEVHEHICO TIEEEREN 2 ER LY, Y (CIEM)

Condition |
aNd Ast . U=04m/s
&

Condition 2
ANd Ast' . U=05m/ss
Al

Fig. 7. Longitudinal force X’, lateral force
Y and yaw moment N’ with large
drift angles in ahead and astern drift angles in ahead and astern
motions (Condition 1). motions (Condition 2).

X'=X/(05p LdU?), Y’ =Y/(05 X'=X/(0.5p LaU?), Y’ =Y/(05
p LdU?), N"=N/(0.5 p L2dU?) p LdU?), N'=N/(0.5 p L2dU?)

Fig. 8. Longitudinal force X’, lateral force
Y and yaw moment N’ with large
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Fig. 9. Longitudinal force X', lateral force

4. BWERLAAIICLBAUENRONE(L Y’ and yaw moment N with large
drif les in ahead and
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Fig. 10. Longitudinal center of hydrodynamic lateral force 1, vs. drift angle 8 in

ahead and astern motion.
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Fig. 11. Experimental results compared with calculated Y’, N’ by means of Inoue’s
formula (Condition 1).

Condition 2 (U=0.5m/s)
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\\ N
.\
dm (keel) Trim0.0 > _
....... W e ) e (Init) S
—=— " (B.L) %_00
[ )--O (n.\\
o
o1y -0.3 -02
\*\
-~1.0}

Fig. 12. Experimental results compared with calculated Y’, N’ by means of Inoue’s
formula (Condition 2).
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Fig. 13. Experimental results compared with calculated Y’, N’ by means of Inoue’s
formula (Condition 3).
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Fig. 14. Comparisons of nondimensional
derivatives Y, and N’; between exper-
iments and Inoeu’s estimation using
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Fig. 15. The effects of ship conditions on
nondimensional force Y’ and moment
N’ at small drift angles.

Table 2. Estimation of the effects of dm and trim on calcu-
lated results using of Inoue’s formula.

O good X ; bad
ERE RIER)
Cond. 1 Cond. 2 Cond. 3
Y| N | Y |N|Y | N
d, (keel) Trim 0 X X X
dy (keel) Trim (Init.) X X X
d, (BL.) Trim0 O O O
d, (BL) Trim (Init.) O O O

ez &nb, RENYKELEETH03, EHREORT A7 +HE VY ATHBLEE
5z cE, HEOHEMEKRMEEOENLR, vV sMEFOMEYEESR TS
i HsE VA3, Condition 1 & Conditions 2, 3 D HE S, F 7 v Y ABEMIMITIED S
0N, ROV KELRBECEREL TV EELZTCIVWTHA D,
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Condition 2 U =0.Im/s
s Xx10 4 XxI0
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Appendix 1 Longitudinal force X', lateral force Y’ and yaw moment N” with small
drift angles in ahead and astern motions (Condition 2 U=0.1 m/s).
X'=X/(0.5 p LdU?), Y=Y /(0.5 p LdU?), N'=N/(0.5 p L*dU?)
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Appendix 2 Longitudinal force X', lateral force Y and yaw moment N” with small
drift angles in ahead and astern motions (Condition 2 U=0.3 m/s).
X' =X/(0.5 p LdU?), Y'=Y/(0.5 p LdU?), N'=N/(0.5 p L2dU?)
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Appendix 3 Longitudinal force X', lateral force Y and yaw moment N with small
drift angles in ahead and astern motions (Condition 3 U=0.1m/s).
X' =X/(05 p LdV?), Y =Y/(0.5 p LdU?), N'=N/(0.5 p L*dU?)

Condition 3 Us03m/s
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Appendix 4 Longitudinal force X', lateral force Y’ and yaw moment N’ with small
drift angles in ahead and astern motions (Condition 3 U=0.3 m/s).
X' =X/(0.5 p LdU?), Y =Y/(0.5 p LdU?), N'=N/(0.5 p L2dU?)
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Appendix 5 Longitudinal force X', lateral
force Y and yaw moment N’ with
large drift angles in ahead and astern

motions (Condition 2).
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Appendix 7 Longitudinal force X', lateral
force Y’ and -yaw moment N’ with
large drift angles in ahead and astern
motions (Condition 3).

X'=X/(05p LdU?), Y =Y/(05
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Appendix 6 Longitudinal force X', lateral
force Y’ and yaw moment N’ with
large drift angles in ahead and astern
motions (Condition 2).

X'=X/(06p LdU?), Y =Y/(05
p LdU?), N'=N/(0.5 p L2dU?)
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Appendix 8 Longitudinal force X', lateral
force Y and yaw moment N’ with
large drift angles in ahead and astern
motions (Condition 3).

X'=X/(0.5 p LdU?), Y =Y/(05
p LdU?), N"'=N/(0.5 p L2dU?)
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Appendix 9 The effects of ship sppeed on nondimensional force Y’ and moment N’ at
small drift angles (Condition 1).
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