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ABSTRACT: Vessels are traditionally optimized for a single condition, normally the contract speed at the design draft. The actual operating
conditions quite often differ significantly. At other speed and draft combinations, adjusting the trim can often be used to reduce the hull resistance.
Changing the trim is easily done by shifting ballast water. There are several ways to assess the effect of the trim on the hull resistance and fuel
consumption, including in-service measurements, model tests, and CFD. In this paper, CFD is employed for the assessment of the resistance
performance according to the trim conditions. The commercial CFD code of the STAR-CCM+ is utilized to evaluate the ship’s resistance
performance on a 6,800 TEU container ship. To validate of the effectiveness of STAR-CCM+, the experimental result of the KCS hull form is
compared with the result from STAR-CCM+. It is found that the total resistance of the 6,8000 TEU container ship was reduced by 2.6% in the

case of a 1-m trim by head at 18knots.
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Table 1 Assessment of potential reduction of CO, emissions from shipping by using known technology and practices(Buhaug et al., 2009)

Saving of CO»/ton-mile Combined Combined
Design (New Ships)
Concept, speed, capability 2% to 50%*
Hull, superstructure 2% to 20%
Power, propulsion systems 5% to 15%
10% to 50%*
Low-carbon fuels 5% to 15%**
Renewable energy 1%~10%
25% to 75%
Exhaust gas CO; reduction 0%
Operation (All ships)
Fleet management, logistics, incentives 5% to 50%
Voyage optimization 1% to 10% 10% to 50%*

Energy management

1% to 10%

" Reduction at this level would require reductions of operational speed.

" Co, equivalent, based on the use of LNG.
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Table 2 Principal parameters for the KCS

Ship Model
Scale ratio 1/31.599

Lpp [m] 230 7.2786

B [m] 19 1.0613

T [m] 10.8 0.3418
WSA 9423 9.4379

4 [m3] 52030 1.6490

LCB(%), fwd+ -1.480
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Fig. 1 Geometry on the 6,800 TEU container ship
Table 3 The test conditions for the KCS

List Test conditions

Pitch, Trim Free
Rudder with
Fn 0.108, 0.151, 0.195, 0.228, 0.26, 0.282
Mass [kg] 823

3.5315, 0.0, 0.23
130, 2725, 2725

Center of mass [m]
Moment of inertia [kg-m’]

Table 4 Principal parameters for the 6,800 TEU Container ship

Ship Model
Scale ratio 1/40.214
Lpp [m] 292 7.261
B [m] 40 0.9947
T [m] 12 0.2984
WSA [ 13673 83.4549
A [m] 85435 1.3137
LCB(%), Aft- -1.82

Table 5 The test conditions for the 6,800TEU Container ship

List Test conditions
Pitch, Trim Free
Trim condition [m] +2,+1,0, -1, -2
Rudder w/o
Vs [m/s] 8.75, 9.26, 9.77, 13.63
Mass [kg] 656.077

3.498, 0.0, 0.1648
5842, 3113.2, 3113.2

Center of mass [m]

Moment of inertia [kg-m’]
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Fig. 2 Grid systems of 6,800 TEU container ship
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Table 6 Comparison of the Crv between Exp and CFD at Vs =
26.5 knots (Fn = 0.255)

CFD
Free Fixed

Item Exp (2005)

Crwx10° 3.5856
Difference(%) based on Exp

3.5475 3.4683
-1.06 -3.27
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Table 7 Comparison of the Crv between Free and Fixed condition
at various Fn

. Crv x10° (CFD)
n
Free Fixed Difference [%]
0.16 3415 3.405 0.293
0.17 3.466 3.454 0.346
0.18 3.393 3.383 0.295
- 40
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Fig. 6 Comparison of curves of Ry for various trim conditions
and Vs
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Table 8 Comparison of resistance reduction for various trim conditions and Vs

Vs Ini.trim Rr [%] Rp [%] v [%] Rr [N] Rp [N] Ry [N]
2 m 99.2 87.8 100.5 13.535 1.196 12.339
-1m 98.8 2.6 99.5 13.478 1.262 12.216

17 knots
0m 100.0 100.0 100.0 13.639 1.363 12.276

(8.7 m/s)
+1 m 101.7 152.3 99.7 13.909 1.638 12.271
+2 m 105.7 152.2 100.5 14.415 2.074 12.341
2 m 98.1 88.8 9.1 15.163 1.405 13.758
-1m 974 9.7 98.2 15.062 1.436 13.626

18 knots
0m 100.0 100.0 100.0 15.459 1.5825 13.876

93 m/s)
+1 m 100.1 116.5 98.2 15.561 1.878 13.683
+2 m 104.8 145.6 100.1 16.201 2.304 13.897
2 m 99.2 9.6 100.9 16.825 1.585 15.240
-1m 98.5 96.2 99.8 16.711 1.615 15.096

19 knots
0m 100 100.0 100.0 16.959 1.806 15.153

(9.8 m/s)
+1 m 101.3 105.1 998.8 17.243 2.098 15.145
+2 m 105.0 1175 101.3 17.801 2617 15.184
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