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A study on resistance and propulsion performances of a ballast-free ship

with inlet and outlet system for sea water
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Abstract: The ballast water used to maintain the balance of the ship is used more than 5 billion tons a year and causes the
marine pollution and the ecosystem disturbance in the process draining the ballast water into the other sea. In order to solve
this problem, instead of a traditional ballast tank, a new concept of the ballast-free ship with a ballast trunk-trim system com-
bining a ballast trunk and a trim tank was proposed in previous research. It was also evaluated whether the ballast trunk-trim
tank could secure the circulation of seawater. In this study, KVLCC2 is used as the target ship. The existence of the ballast
trunk-trim tank system causes seawater to be discharged in front of the propeller plane causing a change in the inflow flow to
the propeller, thereby affecting the resistance and propulsion performances. The CFD analysis was carried out to evaluate the
effect of the position and size of the ballast trunk-trim tank outlet on the resistance and propulsion performances.
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e FEY A2ES Z-83 ballast-free A& A3k 2 =2

Table 1: Principal dimensions of ship and model

Ship Model
Lpp (m) 320 2
D (m) 30 0.1875
B (m) 58 0.3625
T (m) 20.8 0.13
S (m?) 27,194 1.08
Displacement (m) 312,622 0.032
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(a) Computational domain and boundary conditions

(b) top view

Figure 1: Computational domain, boundary conditions and

grid structure

Table 2: Comparison of the number of cells

resistance test |self propulsion test

Bare hull 2,000,000 4,000,000
With trunk trim 2,400,000 4,800,000
tank
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Table 3: Principal dimension of ship and model

Exp. (IUTT) Present cal.
Scale 1:160 1:160
Craf(X 10°%) 5.460 5.331
Trim (Degree) 0.096 0.118
Sinkage (mm) 0.0012 0.0009

53k Figure 29} 7o) A4 5 2y HoA o] 33 uk
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(a) Stereoscopic particle image velocimetry (SPIV) measurement

(b) CFD (model)

Figure 2: Comparison of nominal wake and velocity vector
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(a) Total pressure distribution

(b) Dynamic pressure distribution

Figure 3: Distribution of total and dynamic pressures
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Table 4: Comparison of total, friction and pressure re-
sistances

Bare
hull

Friction resistance (N)| 0.86 | 0.86 | 0.87 | 0.86 | 0.85

Casel | Case2 | Case3 | Case4

Pressure resistance (N)| 0.28 | 0.65 | 0.45 | 0.33 | 0.31

Total resistance (N) | 1.14 | 1.50 | 1.32 | 1.19 | 1.16

total resistance (%) 24 14 5 2

(a) Bare hull

(b) Casel (left) and Case2 (right)

(c) Case3 (left) and Case4 (right)

Figure 4: Comparison of pressure distribution
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Figure 5: Comparison of non-dimensional velocity distribution (left) and stream line (right)
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(a) Bare hull

(b) Casel (left) and Case2 (right)

(c) Case3 (left) and Case4 (right)

Figure 6: Comparison of nominal wake and velocity vector
distribution
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Table 5: Comparison of self-propulsion components

Bare hull Case4

Ry, 1.14 1.16
Difference of Ry, 1.72%
EHP (kW) 17,603 18,267
Difference of EHP 3.77%
Wiy 0.249 0.215

t 0.162 0.212

Mo 0.544 0.554
Difference of 7, 1.74%
Mg 1.000 1.000

N 1.070 1.004
Difference of 7, -6.51%
Mp 0.582 0.556
Difference of 7, -4.65%
DHP (kW) 30,108 32,803
Difference of DHP 8.95%
RPM 83.59 86.08
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