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Abstract | A coastwise chemical tanker sailing at full speed has capsized during turning in calm water. In the previous paper, we

investigated the 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 shic
occurring in turning. It is also shown that the flooding of seawater onto the deck occurring in turning generated a significant outwara
heel moment and increased the vertical distance between the center of gravity of the ship and the center of lateral water drag.
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Table 2 Cargo tank and loaded liquid cargo (Ship scale) et dA= 6275 &5 o F 259 4t &5&
Cargo tank (port, Starboard) AR 3ot o9 EF2 P& T. TyAe wix= 2
Nol No.2 No.3 Aol ztgk Ao FAA g7t 8=15" , 257 , 35" of A
Length  (m) 770 .80 995 o B A3 A ARZAE 722 o] de7hg 4489
Breadth (m) 3.10 400 400 AL R e AsAel d5g gt & s Ak 2
Depth  (m) 270 2.70 270 MES ASsrals

Py ) Lo L8509 59 dyta o2 Muto] MM Fo Hepstd Z7|d] WHo= 4
T L5 15 L5 Arete]l W& AL BRRlESL Z-&5t) o] Aol 4A Bt
& A FAEH Mg £Fo] A dste] dAgg 7 olF
Where, d, - depth of liquid cargo, R0 3% &g A4 A Aslded] mas] dute
T : specific weight of liquid cargo dZ0= AAET 92 ZAAl muED WA 24 A
03 X ofiT} ZAF DOIE HZAI 3] Aol Ak W5 AAL BHlEE A3 24 oA
WA Y5 AAF B HEA A9 & AAbel ulA
F 4 AAb ZRlEss Fig 29 YERRRe] 3EHAE = = Qgare. Mo oz oA vy 28w Wal Tanker:=
ol Whako| #afMi= A BP XM FHIY F2 FolE UX |Zoz ARFYY) WRo| of7|AE 9= AA} RHETS
AM71a, AF gdel #aiM AA Tl AASFEE BEE gerz sg wa dBdue AgaE= o 1~2° A%
Ao AEHAE AA Aol LFAA ASE A F dH g A4 8 Ay zqalm, olela ASo] Mure A7
W mRlse AS AR EA AR 29 Fe 3 o) gz geje) durel detel oJsiM oz A s R

7bsadel le RORE otE ozt
AGgA o] nZAA W AdF AAAL
2 mdetel thgel 4TRO=0, 25°, 50",
oA, 0=7.2°% EFZF 35°9] Aot A
‘ guatal A A% 753'4% A A 144—-’?‘9] BAE FE ol
2] 2] o o] W z7] AAbel &g AA RHES} W

' Z 39

_ KFa MEAIE Za)

7}
5°, 25°, 35° 2 HEeledl & A%, vt oz iy
39 (@XEADS Fig. 4, 5, 69 veddk. 28 Fo
AA S AAFGemRE A5 - v Wgoez 7bz}

2cm Goldl AL ARCR she] A5 29 4% AH (O
BA)} An Zo 43 A4 (OBADE vehis
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Fig. 3 Experimental apparatus for the transverse force and  Fig. 4 Turning circle with rudder angle 8=15° at initial ship
heel moment speed 0.813 (m/s) [Model Scale]
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A3F AE AAH e @AY Eddd A A7 (2)
30 Table 4 Radius of circle, ship speed and drift angle with
v AN rudder angle §=25° (Model scale)
20 Time Ship Drift eelzll?)::l:g SSpI:eIzi Rtau(il‘rlllijlgo '
_ (sec) | EOUrSe angle 0 Vr circle R
E 15 (deg.) |B (deg)| (4o /sec)| (m/s) | (m)
ol ] R
05 8.31 10.02 0.82
08 10 | 1813 | 1257 | 1474 081
0.0 = 15 | 2897 | 1683 13.14 0.80 3.13
05 00 05 10 15 20 25 30 35 40 45 20 | 3842 | 1638 1981 079 346
) 2b | 4787 | 1833 15.00 0.78 2.27
Fig. 5 Tuming circle with rudder angle 8=25" at initial ship 30 | 5795 1875 19.32 0.74 289
speed 0813 (m/s) [Model Scale] 35 | 6789 | 1633 | 2473 0.74 2.19
40 | 7632 | 1529 18.93 0.72 1.70
35 45 8.84 17.05 1551 0.72 218
30 50 | 9152 | 12.87 19.74 0.67 2.58
55 | 9930 | 1543 10.44 0.66 2.68
2 60 | 10601 | 1521 | 1384 | 063 253
= 20 _%m 65 | 11349 | 1600 13.37 0.66 2.65
T s 7.0 | 12001 | 1536 14.33 0.60 2.68
10 75 | 12724 | 1659 12.00 0.57 2.34
o 80 | 13439 | 1742 12.64 0.55 2.68
' 85 | 14176 | 1832 1294 0.55 250
0'0—0.5 00 05 10 15 20 25 30 35 40 45 90 | 14921 | 20.20 11.14 0.53 2.38

[m]

Fig. 6 Turning circle with rudder angle §=35" at initial ship Table 5 Radius of circle, ship speed and drift angle with

speed 0.813 (m/s) [Model Scale] rudder angle 8=35" (Model scale)
. . . . . .| ship | Drift | Angular | Ship | Radius of
Table 3 Radius of circle, ashlp speed and drift angle with '(I‘Slen(l:()e course| angle vel(:naty sp‘;eed %ﬂi
rudder angle 8=15" (Model scale) (deg.) |B (deg.) (deg./sec) (m/TS) (m)
) Ship Drift Angu_lar Ship Radiu's of 0 191
(T;e“c“)’ course a“gle velocity S‘{,efd Larming 05 | 665 | 665 0.73
(deg) | (den) |(deg/seo)| m/s) | (m) 10 | 1203 879 | 648 | 070
o | 22 | o 15 | 1990 | 1116 11.01 0.69 6.12
o5 | 188 | osl 081 20 | 2861 | 159 781 0.66 351
25 | 3669 | 1599 16.09 063 472
10 | 088 | 259 1.96 0.86
30 | 4500 | 1619 16.23 0.60 2.19
15 | 742 | 832 | 162 | 086 | 17 35 | 5243 | 1659 | 1406 | 058 209
20 | 1482 | 968 | 1205 0.86 30.34 40 | 6036 | 1827 12.50 0.55 2.30
25 | 2309 | 1274 1042 0.85 4.08 45 | 6771 | 1681 1763 0.54 2.49
30 | 3127 | 1259 | 1669 0.84 466 50 | 7452 | 1653 14.18 0.49 178
35 | 3978 | 1529 | 1162 0.73 351 55 | 8151 | 1671 1361 0.49 2.0
40 | 4684 | 1440 | 1589 0.72 271 60 | 8334 | 1832 10.44 0.46 201
s o7 | su | 1w o071 Py 65 | 9421 | 19.03 1031 0.46 2.03
0 em 1w | B o1 Py 70 | 10098 | 17.69 10.23 0.45 2.03
75 110790 | 1959 10.05 0.45 213
55 | 7011 | 1466 | 1619 070 265 80 |11466| 179 10.79 0.45 2.04
60 | %22 | 1370 | 1415 | 072 252 85 |12393| 2030 | 1383 0.45 222
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Table 6 Ship speed and drift angle with various rudder
angle in steady turning [Model scalel

Rudder angle
8 (deg.)

15
25

Drift angle
B (deg.)
1457
17.45
19.0

Ship speed
Vr (m/s)
0.713
0.556

0.452
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Fig. 7 Lateral drag force according to the heel angle with 3
cases of rudder angle in steady turning [Model Scale]
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Fig. 8 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. 9 Heel moment according to the heel angle with 3
cases of rudder angle in steady turning [Model Scale]
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