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On the Force Acting on a Ship in Oblique Flow
(Restricted Water Effects)
By
Toyoji Tsuji, Nobuatsu Mori and Yasufumi Yamanouchi
The huge-sized ship is usually operated under the support of tug boats in the harbor area.

In order to conduct this operation with safety and certainty, the forces induced by the wind

pressure as well as the fluid pressure should be evaluated, and the force necessary to be served by

the work boats to overcome these forces should be estimated quantitatively.

In the previous work, one of the authors studied about the character of the fluid forces acting

on the hull of a huge-sized ship moving obliquely in deep water. This work is an extension of

the previous ones, and the effects of restricted water, especially shallow water effects and the buffer

effects of the pier wall upon these forces were investigated. The followings were made clear:

1. While the ratio of water depth to ship draft is larger than 3.0, namely %/d>3.0, the shallow
water effect coefficient & is not so large, and is less than 1.1, if any, however when %/d be-
comes smaller than 2.0, % increases remarkably and % reaches even to 5.0 when k/d=1.1. &
keeps almost the same level when the angle of incidence of fluid ¢ ranges from 60° to 120°.

2. The existence of the Reynolds Number effect on the side force of this kind of ship form was
ascertained, and the side force coefficient Cy for actual ship, shifting athwartships in deep
water, was found to be possibly less than 2/3 of the measured value, Cy=0.97 for ¢=90°,
obtained in this model test at R,=5x 10¢.

3. The centre of the pressure tends to shift towards the stem, when the depth of water becomes
shallower, although the amount of shift is rather small.

4, The buffer effect of the pier was measured to be somehow sizable in model tests, where the
approach speed was several times of that of the corresponding speed of the ship. However,
for the actual huge-sized ship, this effect is assumed to be very small because of the rather
higher permeability of the pier (not 0% as was in the model test), and lower shifting speed.
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Fig. 1-1 Dynamo-Meter (Part of Measure)
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Fig. 1-2 Dynamo-Meter (Part of Support)
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Table 1 Principal Dimensions

Full Load Condition Ballasted Condition
B Ship Model Ship Model
Length bet. P.P. Lypp(m) 242.0 3.0
Breadth MId. B (m) 37.2 0.4612
Depth Mld. D (m) 19.9 0.2467
Draft Designed df (m) 14.86 0.1842 8.00 0.0992
da (m) 14.86 0.1842 9.00 0.1116
dm(m) 14.86 0.1842 8.50 0.1054
Trim 0 0 1.0 0.0124
Displacement 111,737 ton 213 kg 61,700 ton 117.66 kg
Co 0.815 0.815 0.787 0.787
Co 0.818 0.818 0.795 0.795
Cg 0.995 0.995 0.991 0.991
KG (m) 10.05 0.1246 9.68 0.120
=G (m) —5.92 —0.0734 —6.17 —0.0765

Note, (—); the Bow side
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Fig. 2 Lines of the Model

4-2-1 REEE
EAMOEREERCMECE S KENZ#ET S
KU TV, BEBEEELLT, MoxtEE% 0.15
mfs L, ZhiZi# 0.10m/s Oififixinzi, xt
AKEEE 0.25m/s RERAIH TN 5D,

Ritfes 0.25 mfs OEETHBHT 5L EDOT

(238)

— FEiL, iR 2 E X oRkM LhiE, Fl(V/vgB)=
0.013TH D, LT, BRMOREFET 0.028
mfs LVWSBUNREE Y, ThERAKHEORF[EET
FHCERT I EEIE#RTH D, LK ZOEER
BT BEINE, feriEd 50g BET, ZhrEigE
TEHHEAT % 2 b D T Sh vy,




DX S BEHIP L, 2ULEET, RBEEL LT
ITHEEEHALES &AL LT, 0.10m/s ik T%
Bz ricliz,

L2512, 0.10m/s ORBEE ST HLVA /AR
ik, MiB2EX okt 2, R(VBL)=3.5%
10t Linh, RELOEBERCRT S v1 /LXK
Re=6.8x108 124 B, B0/ EV, 2 Thld

=7.0, 1.5 ®2iBY DKIET, v/ AEPHES
Table 2 Dimensions of the Propeller
Diameter (m/m) 88.02
Pitch Ratio 0.725
Pitch (m/m) 63.84
Expanded Area Ratio 0.557
Boss Ratio 0.1761
Blade Thichness Ratio 0.0634
Angle of Rake 80
Number of Blades 5
Direction of Turning Right-handed
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Table 3 Kind of Experiment

Permeability 100%

0% 100%

Condition of Model

Full Load Condi

Full Load Condi Ballasted Condi

Depth of wata (k/d) 1.1, 1.2, 1.3, 1.5, 1.5, 2.5, 7,
2, 3 517, )
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Fig. 3 Variation of Normal Force Coefficient (Cy) due to Reynalds No.
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Fig. 4 An Example of Record
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Fig. 5 Relation between Attack Angle (¢) and Normal Force Coefficient (Cy)
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Fig. 15 Relation between s/B and Quay Effect Coefficient (z)
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