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Prediction of Propulsive Performance of VLCC
at Heeled and Trimmed Conditions
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Abstract

In recent years, many environmentally disastrous oil spill accidents from damaged vessels
become worse especially when the early treatment is not prompt enough. To properly
handle this type of accidents and prevent further disasters, international organizations
establish and impose various rules and regulations. In assessing the damages and providing
salvage operations, the propulsive performance of damaged vessels is of great importance,
as well as for containing oil spill while the vessels are being towed or self-propelled. Until
now, many naval hydrodynamics researches have focused on the propulsive performance in
normal operating conditions and only a few studies for damaged vessels are found in
literature. In this paper, experimental method is used to study the propulsive performance of
a very large crude—oil carrier (VLCC) in heeled and/or trimmed conditions.

wKeywords: VLCC(M=HITH4), Heeled and trimmed condition(Z AH&EY),  Propulsive
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Fig. 83 Comparison of EHP(20 Extrapolation) at

various heeled condition

Table 3 Comparison of EHP (Vs=15.5 knots)
at various heeled condition

FI|XEA EHP2D(HP) (%)
Even keel 19411.5 100.0
Heel 1° CW 19673.1 101.3
Heel 2° CW 19653.0 101.2
Heel 3° CW 187711 101.9
Heel 4° CW 19544.9 100.7
Heel 5° CW 19654.2 101.3
Heel 10° CW 10876.4 102.4 %J
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Fig. 4 Comparison of EHP (2D Extrapolation)
at various trimmed condition

Table 4 Comparison of EHP (Vs=15.5 knots)
at various trimmed condition

EINEAH EHP20(HP) (%)
Even keel 19411.5 100.0
Trim Bow 0.5° 201451 103.8
Trim Bow 1.0° 20812.0 107.2
Trim Stern 0.5° 19817.2 102.1
Trim Stern 1.0° 20394.0 105.1
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Fig. 5 Comparison of EHP (2D Extrapolation)
at various heeled and trimmed condition (1)

Table 5 Comparison of EHP (Vs=15.5 knots)
at various heeled and trimmed condition (1)
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Table 6 Comparison of EHP (Vs=15.5 knots)
at various heeled and trimmed condition (2)

=== EHP2D(HP) (%)
Heel Trim
0° 0° 194115 100.0
2° -0.5° 20354.7 104.9
5° -0.5° 20512.3 105.7
10° -0.5° 21015.6 108.3
5° -1° 20767 .4 107.0
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Fig. 6 Comparison of EHP (2D Extrapolation)
at various heeled and trimmed condition (2)

e2iE=a EHP2D(HP) (%)
Heel Trim
0° 0° 19411.5 100.0
2° 0.5° 19545.0 100.7
5° 0.5° 19796.4 102.0
10° 0.5° 19463.3 100.3
5° 1° 20136.6 103.7
Table 7 Comparison of form factor(1+k) at
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2° 0° 1.128 50 |-0.5° 1.146
5° o 1.120 10° 1-0.5° 1.166
100 O° 1.141 5 | -1° 1.151
0 |-05 1.135 2° 1 05° 1.124
0° -1° 1.151 5 10.5° 1.125
0° | 0.5 1.120 10° | 0.5° 1.119
o | 1 11437 | 5 | 1° 1.133
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Table 8 Comparison of EHP, DHP (Vs=15.5 Knots)

Table 9

Comparison of

3N

self-propulsion

Factors (2D Extrapolation, Vs=15.5 Knots)

EDE Yl

Heel| Trim

(rps)

N,
g 1—1t |1 —wyy

0° 0°f77

0.92110.650

51 0°

0.875

10| oo | 77 |o.902
o |-1] 77 lo.798
5° —1"?77 [0.851
0 | 1| 78 [0.904
5 | 1°| 80 |o.921

Fig. 7 Limiting streamlines (Portside)
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o] e | P e | @
ot | 00 | 194115 | 100.0 | 27298.9 | 100.0
I_?J 0° | 19654.2 | 1013 | 27677.6 | 101.4
10° | 0° | 19876.4 | 102.4 |27877.1 | 102.1
0" | -1° | 20812.0 | 107.2 |30741.9 | 112.6
5° | -1° | 20767.4 | 107.0 | 29481.6 | 108.0
0° | 1° | 20394.0 | 105.1 | 28764.3 | 105.4
[_5° 1° ]20136.6 | 103.7 | 29439.7 | 107.8
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Table 10  Circumferential mean values of
measured axial velocity (Vs=15.5 knots)
/R 0.3 05 | 07| 09 1.1 |Mean
1-w,
W 0.091 ] 0.193 | 0.282 } 0.506 | 0.643 | 0.424
Evenkeel
:;v 0.076 1 0.238 { 0.256 | 0.503 | 0.612 { 0.413
1-w,
B HEe 0.033 | 0.237 | 0.205 | 0.458 | 0.585 | 0.379
1-w,
TS1° HE® 0.079 | 0.239 | 0.301 | 0.569 | 0.640 | 0.449
Table 11 Circumferential mean values of
measured lateral velocity (Vs=15.5 knots)
/R 03 105107 109 | 1.1 |Mean
VN, 0.157 | 0.074 1 0.118 | 0.102 | 0.092 | 0.082
Evenkeel
v;/5v 0.08910.11810.139 {0.112 ] 0.106 | 0.090
VUV, !
TB1° H5° 0.074 1 0.120 ) 0.126 | 0.105 } 0.094 | 0.084
VUV,
. . . 0.119| 0. .
TST° HE® 0.1340.132 | 0.142 0.106 | 0.098
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Fig. 10 Axial velocity contours at propeller plane
(Evenkeel, Vs=15.5 Knots)
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Fig. 11 Axial velocity contours at propeller plane
{Heel 5°, Vs=15.5 Knots)
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Trim Bow1° Heel5° CW

Fig. 12 Axial velocity contours at propeller plahe

(Trim Bow 1°, Heel 5°, Vs=15.5 Knots)

Trim Stern 1° Heel5* CW

Fig. 13 Axial velocity contours at propeller plane
(Trim Stern 1°, Heel 5°, Vs=15.5 Knots)
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