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Numerical Analysis of Spatiotemporal Characteristics of Bow
Wave Breaking in KCS Standard Model
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Abstract

This study numerically investigates the bow wave breaking characteristics of the KRISO Container Ship
(KCS) under high-speed conditions (Fr = 0.35) with 1° trim, employing Delayed Detached Eddy Simulation
(DDES) coupled with Piecewise Linear Interface Calculation (PLIC) method based on the 2025 International
CFD Conference benchmark. The results demonstrate that bow wave breaking becomes significantly more
pronounced at high speeds, with spectral analysis of hydrodynamic coefficients and wave elevation revealing
distinct periodic behavior in the time domain, while spatial analysis shows the formation of two characteristic
gas entrainment bands: the upper frontal region dominated by jetting and spray phenomena, and the lower rear
region featuring air tube and bubble formation, whose multiphase interactions substantially enhance flow
unsteadiness and turbulent fluctuations, with these spatiotemporal characteristics being further quantified

through comprehensive statistical and frequency-domain analyses.

Key words: ship wave; bow wave breaking; KCS model; statistical characteristic analysis; frequency analysis
£ & &

ZF0te 2, 2001 A, BTERFFEAR . SRR BB S R S ) AR

F@E 5, 19884k, Mt BhEREAUG. EENFMATHEOKSN A5 - RS G IS B S S B AR
IR AR AR RN SETE T

FifEs 5, 1967 FE, M, #Hg. EENHEMNSEE TR R A Rk - S AE s
T I ) B (AL S UL /DN I v A s OMI S X At 1) RESR A 2 (K0 BETE L BB EOR . BT IH R T % i
TR S 2 AT RS T RS0 T

FHEIEHE: IR



