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A study on the Motions of a ship with Liquid Cargo Tanks
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Abstract

In this paper the dynamic effects due to the free water motions in tanks up;on the
lateral motion of a floating body in regular waves are calculated, in order to obtain the
relationship between a motion of a floating body and that of the free water in tanks.

Under the assumption that the fluid is ideal and motion amplitudes are small, velocity
potential of the fluid in tanks is calculated by the source distribution method and the
hydrodynamic forces and moments are calculated by the integration of fluid pressures
over the tank surface.

Hydrodynamic effects of the fluid on the floating body are expressed in terms of
added mass and coupling coefficient obtained from the integration.

Computations are carried out for a ship with seven wide center tanks and comparisons
between the liquid cargo loading case and the rigid cargo loading case are shown.
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FOLLOWING, z= 0° % 42 =180°, HEAD

Fig. 4-B. Definition of the Heading Angle, pu

Table 1 Ship Particulars and Load Case
* SHIP PARTICULARS

Loading Condition
Principle Ship Dimensions

A B
Length between perpendiculars(M) 175.0
Breadth(M) 31.95
Draft forward(M) 12. 98 12. 00
Draft aft(M) 12.95 12. 00
Displacement (Metric Ton) 61820 56737
Metacentric height(M) 1. 940 2. 259
Bilge keel YES YES

* CARGO HOLD LOAD CASE.
1. Loading Condition A
Fill ratio cargo hold No.1:97.1%
No.3:98.19;
No.4:31.7%
No.5:96.8%
No.7:97.0%

2. Loading Condition B
Fill ratio cargo hold No.1:69.3%
No.3:98.1%
No.5:96.8%
No.7 : 58.5%
+ fill ratios are given as percentages of the length from the double hottom to the
hatch.
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Table 2 Comparative table of Rectangle section.
* ADDED MASS A= wl 3w
i) h=0.11M, 6=0.4M o1 A 4}z+3 =io

82
r

o SWAY '
Z/B i - ‘I ) i
a4t 2 A 2 A | d 4 28 4 22 A
? | ! i
0.7 | —1.2460 —1.2494 ( —lL2s21 | —0-16% ~0.1642 | —0.17187
0.9 | —1.7401 —17439 | —1.7542 —~0. 9073 —0.9105 ’ —0. 9288
11 —2.8080 —2. 8226 —2.8598 | —2 5454 —~2.5676 | 26254
1.3 —7. 0893 —7. 2707 —~7.5793 | ~—9.1431 —9. 4298 { —9. 8984
| !
.5 13. 8273 12. 7401 11.7819 23. 1191 21. 4672 % 19. 9625
L7 3.5118 3. 3953 3. 3168 7.2122 7. 0425 \ 6. 9105
2.0 1. 6601 1. 61479 1. 5954 4. 3590 4.2960 | 4.2584
2.3 1.0878 1.0578 1. 0492 3.4783 3.4378 | 3.4179
2.6 0. 8092 0. 78547 | 0.7809 | 3. 0499 3.0187 ’ 3. 0053
3.0 0. 6034 0. 5338 0. 5815 2.7338 2. 7086 E 2. 6992
3.5 0. 4579 0.4410 0. 4401 2.5106 2. 4892 ‘l 2.4822
* SWAY = MASS # ROLL & MASSxh 2 a4 zh
HA
i) h=0.2M, 6=0.4M Q1 = 2} 73 ciwd
B SWAY | ROLL
/ : 1
s 4 s 7 oA e A A 374 | 21 A
‘ _
0.7 —1. 3026 —1.3061 |  —1.3103 —0. 0529 —0. 0535 —0. 0546
0.9 —2. 6985 —2. 7202 ( —2.7476 —0. 5528 —0. 5584 ~0. 5668
1.1 53. 3940 40. 7271 *[ 34. 4135 19. 5497 14. 9683 12. 6867
L3 2. 4685 2.4072 | 2. 3781 1. 2994 1.2742 1. 2616
1.5 1. 2657 1. 2400 E 1.23173 0. 8684 0. 8572 0. 8528
1.7 0.8516 0.8346 | 0.8307 0. 7200 0.7124 0. 7099
‘ :
2.0 0.5716 0.5593 0. 5576 0. 6198 0. 6141 0.6125
2.3 0. 43022 0. 4201 ! 0. 4192 0. 5692 0. 5643 0. 5632
2.6 0. 3450 0. 3360 | 0- 3356 0. 5386 0. 5343 0. 5334
3.0 0. 2729 0.2648 | 0. 2647 0. 5128 0. 5089 0. 5082
35 0. 2164 0. 2090 ’ 0. 2091 0. 4926 0. 4890 0. 4884

_—

* A& ¥z 3k SOURCE of A5 9= 3+t
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