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A Study of the Mathematical Model Deséribing
Manoeuvring Motions in Shallow Water

———Shallow water effects on rudder-effectiveness parameters—-

by Masataka Fujino, Member Tsuyoshi Ishiguro, Member

Summary

In order to clarify shallow water effects on the various parameters necessary to predict
the rudder normal force during manoeuvring motions, which are called rudder-effectiveness
parameters in this paper, different kinds of captive model tests were extensively carried out
for a particular ship. As a result, it is found that the rudder-effectiveness parameters are
remarkably dependent on the water depth, and that intimate knowledge of those parameters
at a certain water depth is essential for predicting manoeuvring motions at that depth with
accuracy. In particular, both # value and 8z versus B relationship, which denote the increase
of rudder inflow velocity and effective rudder inflow angle respectively, are most important.

Prediction of rudder normal force in transient state during manoeuvring motions is not
satisfactorily accurate especially in shallow water, although the steady turning characteristics
may be predicted well by means of the mathematical model used in this paper.

Lastly, it is shown that the full-scale manoeuvring motion can be-successfully estimated
from the results of model tests by taking account of the scale effects on the total resistance

and the effective wake fraction.
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Table 1 Principal particulars of the

BRLIT5 DERD D, AT

ship-model (1) HEKETD CMT R
EHEE (L) 3. 000m (2) BKB IUERKETD PMM Rk
A g (B) 0. 4948m (3) BKEB LORKE COBEERTFER
Mok (d) 0.1209m e ERER LD, CMT RETIE (4)~(6) =Frh,
K B (FKHD 124. 63 kgt TEE 3 & O AINEEORE YR RN BEE Y E
B 0.22% Laft b, PMM REXCILINEE S X O AN B8 Licis
it H & (4w 80. 197 cm? MBI L Xor 03T 2Bk ~ 72, CMT,
7y i () 1563 PMM BB RIEEIRAAR L D % bR ITRE
7r7iEE (Dp) | 86.2mm BERER IO a; & &bic Table 2 1w % L,
A 0.876 o B .
P 0. 8154 3.2 EHERFTA—YCHITDEKZE
- /80, 333 REFIE A5 4~ 2D 5 bERE LAEOHETF B2 FH
T ag, g CHTHRKEECOVCTREZDO— AL
Table 2 Hydrodynamic coeflicients of mathematical model describing
manoeuvring motions
e HIE o 2.78 15 L2
Y, —0. 239 —0. 258 —0. 580 —1.637
Y, 0. 0646 0. 0678 0. 0644 0. 1032
L Yy —0. 894 —1.003 —1. 854 —4.322
Yoyor' —0. 255 —0.182 —1.055 —0.578
Yors —0.517 —0. 496 —0. 705 —0. 284
D —0. 0707 —0. 0632 —0. 1150 —0.0797
Ny —0.0722 —0.106 —0. 268 —0.519
Hydrodynamic N, —0.0426 —0. 0435 —0. 0620 —0. 1028
Coefficients Novo' —0. 0483 —0. 0563 —0. 1112 —0.1916
Related to Noor' —0. 407 —0.740 —2.53 —5. 48
Surge, Sway Ny —0.0317 —0. 0335 —0. 0390 —0. 0467
and Yaw Ny —0. 0282 —0. 0615 —0.217 —0. 555
Motions X' —0.0213 —0.0213 —0.0213 —0.0213
Xoy' —0.085 —0.105 —0.189 —0.592
X —0.0117 —0.0117 —0. 0117 —0.0117
m—X5' 0. 248 0. 254 0.274 0. 288
Loml =Y 0. 360 0. 407 0. 630 0.923
I,,/—Nj' 0.0211 0. 0227 0. 0296 0. 0394
Y —0.0328 —0. 0408 —0. 0632 —0. 290
LN 0. 0093 0. 0086 0. 0070 —0. 0945
Lk | 0.298 0.425 0. 598 1.090
Total a, | 5.13 2.40% 10 8.76x10 3.26% 10
] L oa, —8.41x10 | —3.75x102 | —1.89%108 3.81x 102
Resistance j ‘
| as 4.85x10% |  2.01x108 1.45X10* . —6.40x 103
ag —9.58x10* | —3.63x10° | —3.82x10* |  3.43x10*
Propeller open characteristics :
Kr=0.405—0.436 J—0.025 J2 (J=up/nDp)

Remarks : 1)

=2.78
2) Non-dimensional quantities are defined as follows :
X', Y'=X,Y/0.50LdU? N'=N/[0.5pL%dU?, m'=m0.50L%, I,,'=1,,}
0.5 pL%d, etc.

Results of PMM tests at H/d=2.59 are modified for simulation

of H|d
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Fig.1 Experimental determination of rudder-
effectiveness parameters
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Fig. 3 Effective wake fraction of
rudder in shallow water
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Fig. 7 Influence of drift angle on effective wake fraction of propeller
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Fig. 12 Turning rate and speed drop during steady turning in shallow water
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Fig. 14 Rudder normal force in transient
state during turning manoeuvre
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Fig. 15 Comparison of predicted modified zigzag
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Fig. 16 Comparison of predicted modified zigzag
manoeuvre with observed one in shal-
low water (H/d=1.2)
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Fig. 20 Steady turning characteristics of
full-scale ship in deep water
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Fig.21 5°-5° zigzag manoeuvre of full-scale
ship in deep water (approach speed =
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Fig. 22 20°-20° zigzag manoeuvre of full-scale
ship in deep water (approach speed =
15 kts)
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