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A Study on the Stability of a Low Freeboard Coastwise
Tanker Capsized in Turning (2)

- Experimental Examination of the Outward Heel Moment Induced
by Flooding of Seawater onto the Deck -

Chol-Seong Kim - Gil-Young Kong + Soon-Kap Kim

Abstract

A coastwise chemical tanker sailing at full speed has capsized in calm water and while
turing. In the previous paper, we investigated reasons of the accident by demonstrating
the proper correction for the free surface effect of the liquid cargo and the bow-sinkage
effect. In this paper, we also carry out model experiments of a transverse pressure under
the seawater and an outward heel moment according to the heel angle and rudder angle,
on the basis of radius of turning circle, ship’'s speed and drift angle of model ship
occurring in turning. It is also shown that the flooding of seawater onto the deck occurring
in turning generated a significant outward heel moment and the vertical distance between
the center of gravity of the ship and the center of lateral water drag.
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Items Ship Model

Lop(m) 44.00 1.10
B(m) 8.00 0.20
D(m) 350 0.088
W {ton, Kg) 77850 12.170
Fore draft d¢  (m, cm) 3.00 15

1 Aft draft d, (m, cm) 3.20 8.0
KG (m, cm) 222 5.94
GM {m, cm) 0.69 1.55

L7k - B 3

Table 1 Principal Particulars and Load Condition
(Full load) Model Scale (1/40)

Table 2 Cargo tank and loaded liquid cargo

(ship scale)

Cargo tank (port, Starboard)

No.1 No.2 No.3

Length  (m) 7.70 8.80 9.35
Breadth (m) 3.10 4.00 4.00
Depth (m) 270 2.70 2.70
di (m)| 1938 1.809 1.599
T 125 1.25 1.25

Where, di : depth of liquid cargo, T : specific weight
of liquid cargo
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Fig. 1 Turning circle with rudder angle &=15°
, : at initial ship speed 0.813 (m/s) [Model
Photo. 3 Experimental apparatus for the trans- Scale]

verse force and heel moment
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Table 3 Radius of circle, ship speed and drift
angle with rudder angle & =15°(Model

scale)

. . Angular | Ship {Radius of
’(I‘im()a cil}?s)e ;21?;2 vel(cécity S%?ed t}xrrllingR
sec w (deg. T | circle

(deg) | Aldeg)| ety /)| m)

0 | -28 0
05 | -188} 08l 0.84
10 | 088 259 1.96 0.86
15 | 742 832 162 086 | 2517
20 | 148 968 12.05 086 | 3034
25 12309 | 1274 10.42 0.85 4.08
30 | 3127 | 1259 16.69 0.84 466
35 {3978 | 1529 11.62 0.73 351
40 | 4684 | 1440 15.89 0.72 2.1
45 | 5477 | 1511 14.44 0.71 2.56
50 | 6234 | 1499 15.38 0.7 2.82
55 [ 7011 | 1466 16.19 0.70 2.65
60 | 7622 | 1370 14.15 0.72 252
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Table 4 Radius of circle, ship speed and drift angle
with rudder angle §=25°(Model scale)

Drift | Angular | Ship |Radius of

Time Cgﬂge angle | velocity | speed | turning
(sec) (deg.) B w (deg. Vr | circle R
€/ | (deg) | /sec) | (mys)| (m)
0 0.94
05 | 831 | 10.02 0.82

10 | 1813 | 1257 1474 0.81
15 | 2897 | 16.83 1314 0.80 313
20 | 3842 | 1638 19.81 0.79 3.46
25 | 47.87 | 1833 15.00 0.78 2.21
30 | 5795 | 1875 19.32 0.74 2.89
35 | 6789 | 1633 24.73 0.74 2.19
40 | 7632 | 1529 18.93 0.72 1.70
45 | 884 | 1705 1551 0.72 2.18
50 | 9152 | 1287 19.74 0.67 2.58
55 1 9930 | 1543 10.44 0.66 268
6.0 | 10601 | 1521 1334 0.63 2.53
6.5 | 11349 | 16.00 13.37 0.66 2.65
70 [12001 | 1536 14.33 0.60 2.68
75 | 12724 | 1659 12.00 057 2.4
80 | 13439 | 1742 12.64 0.55 2.68
85 | 141.76 | 1832 12.94 0.55 2.0
9.0 | 14921 | 2020 11.14 0.53 2.38

Table 5 Radius of circle, ship speed and drift angle
with rudder angle §=35°(Model scale)

. . Angular | Ship | Radius of
Time Cg:;ge 3’;{2 velocity |speed| turning
(sec) (deg) | B(deg.) w{deg. | Vr | circle R

& € fsec) |(m/s)|  (m)

0 191
05 | 665 6.65 0.73
10 | 1203 | 879 648 0.70
15 | 1990 | 11.16 11.01 0.69 6.12
20 | 2861 | 1596 7.81 0.66 351
25 | 3669 | 1599 16.09 | 063 4.72
30 | 4500 | 1619 1623 | 0.60 2.19
35 | 5243 | 1659 1405 | 058 2.09
40 | 6036 | 1827 1250 | 055 2.30
45 | 6771 | 1681 1763 | 04 249
50 | 7452 | 1653 1418 | 049 1.78
55 | 8151 | 1671 1361 0.49 2.0
60 | 8834 | 1832 1044 | 046 2.01
65 | 9421 | 19.03 10.31 0.46 2.03
7.0 | 10098 | 17.69 1023 | 045 2.03
75 | 107.90 | 1959 1005 | 045 2.13
80 | 11466 | 1795 1079 | 045 2.04

85 | 12393 | 20.30 1383 | 045 2.22
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Table 6 Ship speed and drift angle with various
rudder angle in steady turning [Model scale]

Coiions | 10 S s 7 e
R-1 15 0.713 1457
R-2 25 0.556 1745
R-3 35 0.452 190
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Fig. 4 Lateral drag force according to the heel
angle with 3 cases of rudder angle in

steady turning [Model Scale]
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Fig. 5 Non-dimensional lateral drag force according
to the heel angle with 3 cases of rudder angle

in steady turning [Model Scale]
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Fig. 6 Heel moment according to the heel angle

with 3 cases of rudder angle in steady
turning [Model Scale]
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Fig. 7 The vertical distance between the center
of gravity of the ship and the center of
lateral water drag according to the heel
angle and rudder angle in steady turning
[Ship Scale]
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Fig. 8 The vertical distance between the water
surface and the center of lateral water drag
according to the heel angle and rudder angle
in steady turning [Ship Scale]
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Fig. 9 Influence of bow-sinkage and trim induced

in sailing on righting arm
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