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Experimental Studies on Hydrodynamic Force and Moment for

Maneuvering Motions of Fishing Vessels

Keiichi Karasuno*, Yasuhito INaBA**

Abstract

There have been many experimental studies done on the hydrodynamic forces and the
moments of maneuvering motions for merchant ships. Inoue proposed formulas which can
be used to estimate a lateral force and a yaw moment for merchant ships, and predicted a
ship’s maneuvering motions by means of simulation techniques.

As for fishing boats, however, there is little experimental data on maneuvering-hydro-
dynamic derivatives. In order to estimate Inoue’s formulas, this paper describes the experi-
mental results of the lateral force and the yaw moment of three kinds of fishing vessels by
means of an oblique tow test; 19.9GT., 96GT. and 124GT..
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Table 1. Principal dimensions of fishing vessels.

19GT. 96GT. 124GT.
Ship
Model Ship Model Ship Model Ship
Gross Tonnage  (ton) 19.99 96.0 124.0
Lpp (m) 2.00 15.20 1.986 28.30 2.00 30.20
B (m) 0.50 3.80 0.428 6.10 0.47 7.16
D (m) 0.195 1.48 0.186 2.65 0.175 2.65
Scale 1/7.6 1/14.25 1/15.1
Standard Disp. (kg) 108.0 92.35 102.0
do. d;* (m) 0.180 0.129 0.173
do. d,* (m) 0.180 0.217 0.173
do. d,* (m) 0.180 0.173 0.173
do. trim ) 0 4.43 0
Bar keel height (m) 0.020 0.010 0.010
Bilge keel without with without

* draft from bottom of bar keel
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Fig. 1. Body plans of fishing vessels [8].
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Fig. 2. Arrangement and dimensions of a Fig. 3. Arrangement of instrument set
towing water tank. on model ships.
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Table 2. Positions of a instrument set on model ships.

Model Ship 19GT. 96GT. 124GT.
Longitudinal Position X* (m) 0.270 0.325 0.430
from Midship
Vertical Position Z* (m) 0.160 0.245 0.225
from Bottom of Bar Keel

* see Fig. 3

53RMEIERERONEY Bk h KEWTHMEERONG L - b0THY, WTFhdh
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N=N;-9+N;+ #+Ny-v+N; - v+ Nopow * 0°+ Nogpr - 0% - 1
+Nyr v r*+ Nppy - 3 (2)
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THEbT o ENTES, BB TREEGTOBTENA L IHLAELLDOLHBDT, FRIOE
BRCit 8 % 0°, £25°, +5°, £7.5° +£10°, £15°, +20° e REL, BB~ BPEHCTHED Y
FIOEEE— AV b NERFAILE, ik, f=120° ORBRIAKEAEOEBCHEEL TE<L

ERHAD,
BEIOLTIE, HEREHR 3 ERMER 2 TH—XhTWBDT, A—RETE 71— F
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Table 3. Conditions in experiments of model ship 19GT.

Case No. 1 2 3 4 5 6
Disp (kg) 1707 J - 1180 98.0 86.7
(100%,)  creeeeeeenneees — (110%) (90%) (809%)
de* (m) 0.180 0.142 0.205 0.190 0.160 0.150
da* (m) 0.180 0.202 0.145 0.190 0.160 0.150
dpn* (m) 0.180 0.174 0.175 0.190 0.160 0.150
trim ) 0 3.0 —30 0 e -
Cb*+* 0.675 0.701 0.697 0.694 0.700 0.667
k(=2d,/Lpp) 0.180 0.174 0.175 0.190 0.160 0.150
7 (=trim/dy) 0 0344  —0344 0 e .
Ship Speed (m/s) 0.8/15 e —
Fn. 0.18/0.34  =oommeem e e -
Roll Free oo —
Pitch Free oo —
Heave Fix e —
* draft from bottom of bar keel
** draft from bottom of flat keel
Table 4. Conditions tn experiments of model ship 96GT.
Case No. 1 2 3 4 5 6 7 8
Disp. (kg 9235 e — 7655 6195 -l —
(A009%)  --rmmmmmme s - (80%)  (T0%)  --eeeeeeeeeee —
d* (m) 0.169 0.149 0.129 0.109 0.109 0.109 0.089 0.069
da* (m) 0.177 0.197 0.217 0.237 0.197 0.157 0.177  0.197
dm* (m) 0173 e —  0.153 0.133 o —
trim ) 0.40 2.42 443 6.45 443 2.42 444 6.55
Ob** 0.667  ceeeemememeenneeneaa — 0630 0593  ceeceeeeeeen 5
k(=2d,,/Lpp) 0174  eeeeemeee - 0154 0034 ceeeeeeeeee -
7 (=trim/dgy) 0.046 0278 0509 0.740 0573 0.361 0.662 0.962
Ship Speed (m/s) 0.8 i N
Fn. 00BL  eeee oo e >
Roll Fix e N
Pitch Fix e N
Heave FoX i —

* draft from bottom of bar keel
*+ draft from bottom of flat keel
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Table 5.  Conditions in expertments of model ship 124GT.

Case No. 1 2 3 4 5

Disp (kg) 1020 eeeeeeeeeeeeee 1220 82.0
L - (120%)  (30%)

d;* (m) 0.173 0.138 0.198 0.193 0.148
da* (m) 0.173 0.198 0.138 0.193 0.148
d* (m) 0.173 0.168 0.168 0.193 0.148
trim A 0 3.0 —30 0 0
Ch** 0.666 0.685 0.685 0.710 0.649
k(=2d,/Lpp) 0.173 0.168 0.168 0.193 0.148
7' (=trim/dy) 0 0.357 —0.357 0 0
Ship Speed (m/s) 0.8/15 0.8 0.8/15 eeeeeeieees -
Fn. 0.18/0.34 0.18 0.18/0.34  --comeeieiiees -
Roll Free oo —
Pitch Free @ oo eeeaen -
Heave Fix = e -

* draft from bottom of bar keel
** draft from bottom of flat keel

K F.(=V//gL) BM—3T 57, EEBRER L LTF,=018(V=08m/s) », NEEHEER
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2o
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BEAK B A% 109, B8, 10%, 20% MR L 7o RBB ¥ X OSTEBI AR OSEARKES B + ) 22 BYE, B
Bz 3% RO KR 1T - 7o (EROEKREL 3% BR Y 2RV DTHD), 3
CEBRREY T, 96GT fiBlCi, HESKEDOHRR L Y £ 24% (4= v} U &) KBRS
HEEKRETH DL, BRERREOME 44% Y 2REBEYERIZLC, ThhbPKELH
20%,30%, B L 7cikBEds X OF MY AR MR 2%, 4%, MBI 2% - RBTERLAGE D, &
B, BEKEOMIMRECOERBERThlih-nil, BoBEX D HEEE KIZTV-Z Eick
%5, 124GT WFciz, HEHSAKEOSLKIRE GIEZAIRER o HEEKE % 4 209 8B L 7oKk
Bl LU U A%, BRI 3.6% i REBTERLE (K5,

U EDEAKRBIFEZN LD L RESb 0L D52, ARHAE LR T3 DKL EITE
KRR BRI EL L S Im LT,

BRBOBTIZEL T, REBCR2BE0 ETFTEIHAEYTECTA DI IBRE LD
BB LTlBaE TokvX 5 Lich ik L ORI 96GT R BRVCRHI L,

FRTRRBR
FRE R IIEEICETNA 8 (deg) 2 & 0, Rk Y kg WL UMGEPR XD ¥bD
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lateral force Y’ and yaw moment N’ for a
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Comparison of non-dimensional

lateral force Y’ and yaw moment N’ for a
model ship 19 GT. between experiments

and Inoue’s formula.
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al force Y’ and yaw moment N’ for a model al force Y’ and yaw moment N’ for a model
ship 96 GT. between experiments and ship 96 GT. between experiments and
Inoue’s formula. Inoue’s formula.
i 54 ., ®
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Fig. 5.3. Comparison of non-dimensional later- Fig.5.4. Comparison of non-dimensional later-
al force Y’ and yaw moment N’ for a model al force Y’ and yaw moment N’ for a model
ship 96 GT. between experiments and ship 96 GT. between experiments and
Inoue’s formula. Inoue’s formula.
(A o
Y=Y -g+Y5s- 1818 - )
N'=N;-8 (6)
o, Y=Y/(0.5-pLp-dn-V?) , ki 2dn/Lps
Y;=(0.5-z-k+14-C,-B/L) - (14+0.667- 7/dn), z: trim
N'=N/(05-p-L%-dn-V? , d : mean draft
Ni=k-(1—-0.27- ¢/ls/dn) , Ob: block coefficient
ls;=k/(05-w-k+14-Cs-B/Lyp) , Lps:length between
perpendiculars
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Table 6. Comparison of hydrodynamic derivatives on 19GT. model ship between experiment and
Inoue’s formula.
Experiment Inoue’s formula
Fig.
no. 2.5 deg. 5 deg.
Y; A lp Y, N3 ip Y, N Iy
411 0.444 0.0444 0.100 0.451 0.0515 0.114 0.519 0.180 0.347
4.1.2 0.444 0.0322 0.0726 0.477 0.0418 0.088
421 0.487 0.0158 0.0324 0.516 0.0205 0.040 0.635 0.123 0.194
4.2.2 0.545 0.0172 0.0316 0.573 0.0203 0.035
43.1 0.373 0.0573 0.154 0.423 0.0652 0.154 0.400 0.223 0.558
4.3.2 0.473 0.0566 0.120 0.473 0.0602 0.127
44.1 0.450 0.0484 0.108 0.487 0.0545 0.112 0.541 0.190 0.351
4.4.2 0.487 0.0380 0.078 0.516 0.0559 0.108
45.1 0.466 0.0186 0.040 0.502 0.0215 0.043 0.496 0.160 0.323
452 0.490 0.0158 0.032 0.602 ' 0.0215 0.036
4.6.1 0.438 0.0057 0.013 0.459 0.0129 0.028 0.469 0.150 0.320
4.6.2 0.516 0.0086 0.017 0.545 0.0129 0.024

D #HEo YV cBT2HERNS, MRERBEEES EE-TIWTHA B, BithAD/ &
WEZATENRDD, BERIMER Y, 0T IAEETH S,

2) HEo N BT 5#%Riz, 190T A% B\ TR ERME & —Fy i, BicEE kT
I<—FKLk, L, ERECIBRIAC L IFEFHUHENREL Bbh, #ELofW
HEGCIHEr BE B FEELL,

D HEoHEBRISThiWIEOREL, YV, N RS, BEK X ) FoMERT
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Table 7.  Comparison of hydrodynamic derwatives on 96GT . model ship between experiment
and Inoue’s formula.

Experiment Inoue’s formula

ne. 2.5 deg. 5 deg.
Y; N; lp Y, N; lp Y, N; lp

5.1 0.171 0.241 141 0.348 0.215 0.618 0.501 0.168 0.335

5.2 0.201 0.189 0.941 0.416 0.163 0.391 0.576 0.138 0.240

5.3 0.459 0.152 0.331 0.530 0.136 0.257 0.651 0.107 0.164

5.4 0.430 0.122 0.283 0.573 0.102 0.179 0.726 0.077 0.106

5.5 0.344 0.152 0.442 0.516 0.133 0.258 0.613 0.085 0.139

5.6 0.272 0.186 0.685 0.473 0.148 0.312 0.495 0.095 0.192

5.7 0.348 0.165 0.474 0.490 0.130 0.266 0.575 0.063 0.110

5.8 0.248 0.122 0.491 0.517 0.097 0.188 0.656 0.030 0.046

Table 8. Comparison of hydrodynamic derivatives on 124GT. model ship between experiment
and Inoue’s formula.

Experiment Inoue’s formula

Fig.
no. 2.5 deg. 5 deg.

Y, N, Ip’ Y3 N Ip’ Y; N3 Iy’

6.1.1 0.332 0.082 0.246 0.430 0.122 0.283 0.491 0.173 0.352
6.1.2 0.208 0.158 0.758 0.272 0.152 0.558

6.2.1 0.344 0.070 0.202 0.416 0.109 0.262 0.606 0.121 0.200

6.3.1 0.344 0.133 0.387 0.373 0.143 0.384 0.373 0.215 0.576
6.3.2 0.267 0.191 0.714 0.330 0.192 0.582

6.4.1 0.287 0.132 0.459 0.459 0.166 0.362 0.537 0.193 0.359
6.4.2 0.327 0.183 0.543 0.327 0.165 0.504

6.5.1 0.330 0.097 0.295 0.344 0.116 0.337 0.438 0.143 0.327
6.5.2 0.287 0.158 0.549 0.315 0.160 0.510

Bt ot BENRKEL 5 &, 196T HF T3 ¥ 3#A L, Ni 34, Ay, I Ed,
X, 124GT #38l-Ciz Y; i34 L, Nk, B0, L 3kl e,
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b ciEa, SERERR R L OCHUSREOHERIC L ) AKEERE FTRRICE TR
MERFRED )| BEFEERE RO K THEBMOE BRHEARL T, X, ZHEERTOR
By & s o o REFHIESEA  BAKR, TR, FREM, KPR BRKoOBHCERER
BREBMOBEYELET,
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Fig. 7. Comparison of hydrodynamic deriva-
tive Y} between experiments and Inoue’s
formula (F,=0.18).
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tive N between experiments and Inoue’s
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D
2

3
)

5
6)
(P

8

X o

LS — - BEEFIERE - IS (1983), B BRE EXHfTT 5 ZRTH &l < AT ovT
FE1H)., BAEMFERRLE 154

FEIEh - FEHERE  F)IIREZ < ¥ (1979). FERBEORMMABICoVT, EHlER
S8 57

FH EIEH - BB - FRIUSTRE (1978), 1 ¥ ARr DR EERGEMAROEE. ANERSH 55

F EIE%h - PERERE - [ — 8 (1979), BRRGECE B — 2 v oFRPRI VT,
FEIEhRs® 58

TP - DRI - RENIFE - FEMAE (1978). BB OBR BRI & 2 0BT
DWT, HAEMFRRE 143

BAEMBI R & 17 P FIES (1975, 1976, 1977, MBI OBRIR R BT % BEA,
32 & %l No. (91R, 99R, 108R)

TR « BEE ERE - /IR « BHRE - SEMEZ - BUEE (1983), Y —F v /7 BRRE
BT 2ER. HABHFSHE 150

Rihei Kawashima, Yasuyuki Yamakoshi and Kiyoshi Amagai (1982). Safety of fishing Vessels
by means of experiments in wind waves. Proceedings of second international conference on
stability of ships and ocean vehicles, Tokyo, Oct. 1982

— 131 —



	0117.tif
	0118.tif
	0119.tif
	0120.tif
	0121.tif
	0122.tif
	0123.tif
	0124.tif
	0125.tif
	0126.tif
	0127.tif
	0128.tif
	0129.tif
	0130.tif
	0131.tif

