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OVERSET-GRID SIMULATION TECHNIQUE FOR ANALYSIS
OF 2-DOF SHIP MOTIONS IN WAVES
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This paper introduces a computational method for analysis of the 6-DOF motions of a ship in waves using an
overset grid technique which consists of inner and outer domains for representing body motions and numerical wave
tank, respectively. High order interpolation scheme is employed to increase numerical accuracy over the interface
where physical values, such as velocities and pressure, interact between the inner and outer domains. The numerical
schemes and algorithm are addressed in the present paper. An application to motion of KCS container carrier in
head waves is presented, and the comparison of responses on heave and pitch motions shows good agreement with
those of model tests.

Key Words : 4174 5(Ship motions), T3 ZAHOverset grid), A2 SHCFD), AM+¥ 3-5(Free-surface flows),
ATl(Incident waves)
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Fig. 6 Motion of KCS over a period

Ao B AT A AFdold AxHe WA
2 s 3 AAEES vima 9P sk ek 2

o] Flo] Hir.

S A}gEle] LTt FoH ANEEZ 7K KeS o]
Y Algel thgt 22 258 HE slAatslh vluwd] skt
A4 Fe

A3t & dHeke 4

Hte) W wA

=
[e) O s
25 XY

2
>
o
k=)
1o

Note

This paper is a revised version of the paper "An Overset-Grid

= smmnsnname EFO{ Gothenburg 2010}

01

2
(=}
5l

Heave (m)

-0.05

01

T PO T L T T T ol O LT U (I T T T (T
Bt Lo 5 G 5 0
Time (sec.)
(a) Heave

........ EFD [{CFD workshop 2010}
CFD { Present)

Pltch (deg.)

0

]
(=]
c|||||||||||||

(%] =N
[ -

(b) Pitch

Fig. 7 Time histories of heave and pitch motions of KCS

Numerical Method for 6-DOF Ship Motions in Waves" presented
at the KSCFE 2012 Autumn Annual meeting, Pusan National
University, Pusan, Nov. 23, 2012.

References

[1] 1949, Ursell, F., "On the Heaving Motion of a Circular
Cylinder on the Surface of a Fluid," Quarterly Journal of
Mechanics and Applied Mathematics, Vol.2, pp.218-231.

[2] 1962, Hess, JL. and Smith, AM.O., "Calculation of
Non-Lifting Potential Flow about Arbitrary Three-Dimensional
Bodies," Douglas Aircraft Company Report No. ES 40622.

[3] 2002, Akimoto, H. and Miyata, H.,
simulation method to predict the performance of a sailing

"Finite-volume

boat," Journal of Marine Science Technology, Vol.7,



26 / J. Comput. Fluids Eng.

J.—K. Heo -

Y.—B. Ock : J.—C. Park - S.—M. Jeong - H. Akimoto

pp.31-42.

[4] 1999, Sato, Y., Miyata, H. and Sato, T., "CFD simulation
of 3-dimensional motion of a ship in waves: application to
an advancing ship in regular heading waves," Journal of
Marine Science Technology, Vol.4, pp.108-116.

[S] 2007, Carrica, P.M., Wilson, R.V., Noack, R.W. and Stern,
F., "Ship motions using single-phase level set with dynamic
overset grids," Computers and Fluids, Vol.36, pp.1415-1433.

[6] 2003, Orihara, H. and Miyata, H., "Evaluation of added
resistance in regular incident waves by computational fluid
dynamics motion simulation using an overlapping grid
system," Journal of Marine Science Technology, Vol.§,
pp.47-60.

[7] 2003, Park, J.-C., Chun, H-H. and Song, K.-J., "Numerical
simulation of body motion using composite grid system,"
Journal of the Society of Naval Architects of Korea, Vol.40,
No.5, pp.36-42.

[8] 1983, Steger, J.L., Dougherty, F.C. and Benek, J.A., "A
Chimera grid scheme," ASME FED, Vol.5, pp.59-63.

[9] 2010, Gothenburg CFD workshop, www.gothenburg2010.org/.

[10] 2003, Yechout, T.R., Morris, S.L., Bossert, D.E. and
Hallgren, W.F., "Introduction to aircraft flight mechanics:
performance, static stability, dynamic stability, and classical
feedback control," First edition, AIAA.

[11] 1991, Resenfeld, M. and Kwak, D.,

solutions incompressible

"Time-dependent

of viscous flows in moving
co-ordinates," International Journal of Numerical Methods in

Fluids, Vol.13, pp.1311-1328.

[12] 1992, Kodama, Y., "Computation of ship's resistance using
an NS slover with global conservation," Journal of Society
of Naval Architecture of Japan, Vol.172, pp.147-155.

[13] 1978, Baldwin, B.
approximation and algebraic model for separated turbulent
flows," AIAA Paper 78-0257.

[14] 1991, Germano, M., Piomeli, U., Moin, P. and Cabot, W.H.,
"A dynamic subgrid - scale eddy viscosity model," Physics
and Fluids, A3(7), pp.1760-1765.

[15] 1988, Miyata, H., Katsumata, M., Lee, Y.G. and Kajitani,
H., "A (finite-difference simulation method for strongly

and Lomax, H., "Thin-layer

interacting two-layer flow," Journal of Society of Naval
Architects of Japan, Vol.163, pp.1-16.

[16] 1999, Park, J.-C., Kim, M.-H. and Miyata, H., "Fully
non-linear free-surface simulation by a 3D viscous numerical
wave tank," International Journal for numerical method in
Sluid, Vol.29, pp.685-703.

[17] 2005, Xiao, F., Honma, Y. and Kono, T., "A simple
algebraic interface capturing scheme using hyperbolic tangent
function," Int. J. Numer. Meth. Fluid, Vol.48, pp.1023-1040.

[18] 2011, Park, J.-C, S-M,,

"Development of a numerical simulation method for the

Hwang, S.-C. and Jeong,
analysis of sloshing problems based on CCUP scheme,"
Korean  Society Of Computational  Fluids
Vol.16, No.3, pp.1-10.

[19] 2007, Yokoi, K., "Efficient implementation of THINC
scheme: a simple and practical smoothed VOF algorithm,"
Journal of Computational Physics, Vol.226, pp.1985-2002.

Engineering,



