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High—speed planing craft is generally smaller than commercial vessels, for which not only the roll motion but also the pitch and

heave motions are relatively large during operation However, if seakeeping performance of high—speed planing craft is evaluated

by assessment methods of commercial vessels considering roll damping only, it would get unreasonable results due to excessive
magnitudes of motion, This research aims at developing a procedure to evaluate seakeeping performance of high—speed planing
craft reasonably well by considering responses of roll, heave and pitch motions, In addition, we tried to combine advantages of
the potential flow method and CFD in this procedure, a so—called hybrid method, which uses the 3D panel method for the analysis
of seakeeping performance, and tunes the damping coefficient using CFD analysis at a specific frequency, Finally, we evaluated
Seakeeping performance of coastal rescue boat in operation by applying the proposed procedure, and analyzed the results referring

to the seakeeping criteria,

Keywords : High—speed planing boat( 11 257), Seakeeping performance(L{&s), Computational Fluid Dynamics(CFD, TALRA|SSY),
Potential theory(ZEHI 0|=), Hybrid method(G0|E2|= )
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Table 1 Principal particulars of the target ship

Particular Model ship
LOA (m) 13.26
LBP (m) 11.97
Beam (m) 4.25
Depth (m) 2.41
Draft (m) 0.88
Displacement (ton) 16.03
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Fig. 1 Profile of the target ship
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Fig. 2 Panel generation under free surface
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Table 2 Classification of simulation case

Loading |Ship speed | Heading angle Incident wave
condition (knot) (degree) frequency
(rad/sec)
0, 45, 90, 0.02-2.50

Full load 15 135, 180 | (interval : 0.02)
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Fig. 3 Numerical towing tank with overset mesh

Table 3 Condition of mesh system in CFD simulation

Mesh condition Principal
' Overset 2,500,000
Grid number
Background 12,000,000
Hexahedral mesh
Mesh model Prism layer
Surface remesher

Table 4 Condition of physics models in CFD simulation

ltems Principal
k—w SST

Turbulence model

Wall function All y* wall treatment
Volume-of-Fluid (VOF)

VOF wave damping

Free-surface

Interpolation Least square method
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1st Perform Roll/Pitch/Heave decay tests using CFD in
S order to estimate damping ratio in the ship’s static

condition.

Perform motion analysis under the ship’s navigating
conditions after applying static damping ratio to
Potential program.

|0 re

@

Determine the conditions under which the maximum
Roll/Pitch/Heave motion response spectrum occur.

e

Perform motion analysis using CFD under the
conditions of maximum motion response spectrum

Stage
3rd
Stage
4th
Stase occur.
5th
Stage
6th
Stage

@

Estimate damping ratio in the ship’s dynamic condition
by comparing the RAOs of CFD with Potential program.

“@

Perform motion analysis under the ship’s navigating
conditions after applying dynamic damping ratio to
Potential program.

7th Evaluate the local seakeeping performance of the target
Stage ship compared with the criteria of seakeeping items.

Fig. 5 Evaluation procedure of the hybrid—seakeeping
performance
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Table 5 Seakeeping criteria of naval ship

Criteria level

Motion response | Reference location Units

Operation | Survival

Roll Center of gravity | SSA (deg) 8.0 30

Pitch Center of gravity | SSA (deg) 48 8.0

Vertical acceleration | Center of bridge | SSA (g) 0.4 0.8

Lateral acceleration | Center of bridge | SSA (g) 0.2 0.4

Deck wetness FP No./hour 30 50

Slamming 0.15LBP abaft F.P | No./hour 20 50
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Fig. 6 The result of roll decay test at zero speed in CFD

calculation
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Fig. 7 The result of pitch decay test at zero speed in CFD
calculation
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Fig. 8 The result of heave decay test at zero speed in CFD
calculation

Table 6 Nondimensional damping ratio under decay tests

Type of motion Damping ratio (%)
Roll 6.0
Pitch 11.0
Heave 27.0
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Table 7 Tuning conditions between CFD and potential
based program

Motion Ship speed | Wave frequency | Wave direction
(knots) (rad/sec) (deg)
1.38 135
Roll 15
2.40 90
Pitch 15 1.44 180
Heave 15 0.74 180
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Table 8 Nondimensional damping ratio in dynamic condition

Type of motion Damping ratio (%)
Roll (135degree) 20.0
Roll (90degree) 23.0
Pitch 150.0
Heave 30.0
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Table 9 Results of seakeeping for sea state 4

Angle Criteria
ltem 0 | 45 90 135 180 (Operation)
RC?” 0.00(4.25|7.98 | 8.00 | 0.00 8.0

motion
Plt.Ch 25111361068 | 2.09 | 2.62 4.8
motion
Vertical
. 10.0110.021 011 | 0.27 | 0.32 0.4
acceleration
Lateral 001 0.10{ 0.15 | 0.17 | 0.00 0.2
acceleration
Deck
0.00/0.00] 0.00 | 0.07 | 2.18 30
wetness
Slamming |0.00|0.00| 0.00 | 13.44 | 73.84 20
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