|

) <

The University of Osaka
Institutional Knowledge Archive

A Numerical Study on Second-Order Hydrodynamic
Title Force and Response of an Elastic Body by Using
Higher-Order Boundary Element Method

Author(s) |Heo, Kyeonguk

Citation | KPrKZE, 2019, {Et:m

Version Type|VoR

URL https://doi.org/10.18910/76200

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name (Kyeonguk Heo )

A Numerical Study on Second-Order Hydrodynamic Force and Response of an Elastic Body by
Title Using Higher-Order Boundary Element Method

(FREESRE R 2 W To IR O 2 IR OB T) & B BT 2 SR ARAT B AT 7E)

Abstract of Thesis

As one of the classical academic topics, hydroelasticity has been researched by many scholars in the field of naval
architecture and ocean engineering. From the 2000s, the industrial importance of hydroelasticity has been
increased due to enlargement in size of commercial ships. Accordingly, much investigation has been implemented
by various organizations. Springing and whipping are well recognized as hydroelastic responses. In particular,
the springing is known as a resonance phenomenon induced by harmonic incoming waves, which could occur by
not only linear but also nonlinear waves. The higher-order springing has been confirmed in various types of ships
at several model experiments. On the other hand, most of the numerical studies have been conducted based on
linear formulation with nonlinear correction incorporated from integration on the instantaneous wetted surface of
ship-hull surface until now.

In this thesis, a computer code is developed for numerical computation of the nonlinear springing of an elastic
body with forward speed. Due to mathematical and numerical difficulties, the study is focused on the second-order
springing problem by using higher-order boundary element method (HOBEM) in the perturbation scheme under
the assumption of small wave slope.

Chapter 1 describes the background, review of the related past work, objective and outline of the present study,
and then in Chapter 2, general mathematical formulations are described for the first-order and second-order
boundary-value problems of a rigid/elastic body. To obtain the force and response of an elastic body with forward
speed, the generalized eigen-function expansion method is adopted, and several equations such as variation of the
normal vector, mode-shape functions, and so on are derived by using the continuum mechanics and the directional
derivative formulation. These variables up to second order are applied to obtain the first- and second-order body

boundary conditions with body’s elastic deformation and several kinds of generalized forces on an elastic body.

In Chapter 3, to solve the boundary-value problems obtained, the time-domain Rankine panel method is
introduced and the discretization method for the boundary integral equation using HOBEM is presented. Various
numerical schemes to calculate the derivatives of the velocity potential are given, and some schemes for
implementing the time-domain Rankine panel method are explained, such as time-marching scheme, grid
generation on the free surface, numerical damping beach, and numerical filter for removing numerical instability.

In Chapter 4, the developed computer code has been validated step by step for each of different conditions. In
monochromatic waves, the direct time-domain simulation based on the Rankine panel method has been
implemented for both rigid and elastic bodies with and without forward speed. Validity of obtained results for the
second-order forces and responses are discussed mainly through comparison with corresponding results obtained
by other researchers. Furthermore, in Chapter 5, the frequency-domain analysis in bichromatic waves without
forward speed is conducted by using the free-surface Green-function HOBEM. Indirect method to calculate the
second-order velocity potential on an elastic body is introduced. Using semi-analytic solutions in published
papers, the obtained results are validated by showing good agreement.

In Chapter 6, obtained results in the present thesis are summarized together with future work.




B 7
WLEROEROEE RO S

K 4 ( Kyeonguk Heo )

() B 4
E % % Bk
IFEAE | gy % OB —
B % e Yy
MABEOBROER

A OB ) OBFSEIL. AEE L0 B TIR AN R 7 —~ & L OBl B bR S T&E 72,
HAIZ Ao 72 2000 4EARDN BITREIR OV A AN A KE oo TE I DD, FEEFITET B0 T BIEIZ B3
DIFFEOBEBEMETI HITH L TRV, EBE %< O b NTHIEE 1T L - THRZ < OBFRMThI TN D
ZOHTYH, AR AT Y R 7 LEERRRA v E L T IIMEDT I EIEISE L LTI BEEN TV D, B
WCAT Y R 70, HAEIC K > THEIN D WMEERORRBESG L LTabh Tl Y, ZORKIIHIE T TR
SWIHE R R EWIERBEIC L > THFHREND Z EWKEERICL > TRENTV D, LIANRINETIZTDI
T & U /M BT 2 BUEARAT AR 2 O 5k E13HIE LRI L 2 @R A I L7z b O TH ) | IFREREIT.
RRRIZRT BREL L) 2 OIENE O & ZOWENR ETOAFEIC L DIEN ORI L > TEBSNTE T, Lz
o THMAD TR ST E IC 8 2 IR B B9 2 2RI, BERRAOIC L Y B R E RISV T Thh b R &
ThHH, THICL > TH LN DB BRI % i < 72 DI 22 3B 5 RIE OB 21TV, BRERARATC3 I s e %
BB OWAR S FH 2B 2 RO 5 Z Lk bR T

LLED &5 72 8F 875 5 B . A SCCIEAE V%ﬁ%é%@%@#ﬁ%x7)/%/7%ﬁﬁﬁﬁ¢ét
TMREE 2/ N T A —4 &+ HEBREBEICE SV 2 ROSEFREMBEZ KT > v VELROMRN CRBICE X, €
MCHSSHE T 7 77 AOBBEMTObA TS, EiERELZ @D LTI mREREREZEA L, A H
SRME R R 36 1T 2 AT R 0RO T TE DB DWW TE R LTV D,

BIETIIMEEREBEELZINETOMED L Ea— 25 NTHIE R B & AR SCORERIZ SV CREE LT

Do WITH 2T TIL, KT ¥ ¥ v VEGRIC X DMK 2 @Rk & LT, AR 3 2 5 ERE 2 B Y
W, WU T A—=RIZET S 1 ROBIERIE, 2 ROIFIEBBE IR TSN TN D, £OERMITIBWTIE, Al
P A3 5 PR IRICE) < TR A0 IRIC T D IRE 2RO D701, — b S - A BIARERE A A L, sk
BFEl ETO— AL INTZERRT MVOHEEROE— REEZ2 E%, TRETIALNTWEFEL TR,
BREENFZOBEZ FEANTEHNTND & ZAITMAMRROND, TNDO—BALINIZER ST P AT~ R
BOWNRT A—Z BT D RERICEIT D 2 IROEE TEMAWT, RiESRE & A 25 I RIS 2 MR R ISR
GRS B SN A OFHAERE 2R OEE THMEIOR LTS Z E1E, 4%, AEROMEEZITI Nk - T
IR RIER L 205D,

WICH3ETIE, Bbhe 1K « 2 ROFEFEREZ M 72D IR TO T o R WEE VTV D, #
INKEI AT 7 2 LB EORERT v v VAR RAER L T DR TR A R T U BV %Kil
fRlE e L CERBERERELEA L C\D, T72bb, WikREZR O HBEREZIEFICL < OS8RV THERIL L.
FASFNIGR & ZDRFV ETORERT v v ME, SV EMERT 5 9 fim ETOEE AV 2 kO ZHEA T




L, #iR LOEERT ¥ VAT HESLHFRERICEE L TRV TWD, I HICEERT Vv ¥ L OERSE
FHEEREET A7-0D AR — 50, EMEET VX o SR VEICLAHEARE L TIT I 2O DHHOHD R F—
LIZONWTIRARTWD, BARMICIE, BBRER ETOSFOVAERE, FHEBEROINTERDS OO ZP<T-H
DEMERE E—F OEA, BENIRLEZR R 20OIE 7 4 VF—DE AR LIZONTHER LTS,

BABETIE, BB LIZHAT R YT A0S - BEZRGET 272010, RS O DIEIC, AiwXTo
RIREE &S OWHMEREICET LT\ 5, ETH-JEEEOBANEh CIx. wiRRmmikeEtcky o en
T& 5 i L2 MR 22 & QNSRRI KT U, AT E DMV S - B 55 E O TIZ OV T, FERHISEIR T v % v
SNEER BB LTV 5, 2 ROWEIILCEIRIC L 2 @EBGE O Y MIE, o JefTiF%E & [F U >V T
R L. BEICERXE LTARESN TV ORRELET 5 2 LIC ko THRIES LTV D,

IHICHEBETIE, 2 Oo0RL L FEFEBOBENFET DHEITOVNT, AR L oW o3 5 & ek o
Biafprn B mEm 7 ) — VB E AW @R BERERIEC L > TIThb T 5, ZOH T, HEDE LD 2 kRO
EWBERT v VRO D012, 7V =2 OARITESWIZBEEEZEA L, TOIYMEL, BITHETOR
DFFEIZ L 5 THON TV MR LB B L TWAZ L ERT ZEICLs THRIEEN TS, HEET
X, AFERICL > THONEHEROE LD, REVTAHR S BITIT ) REHIEREII /RSN TN D,

PLED X S IZ, AamsCid, AiEEE 249 2 WA OB IR P CO TR A JIRE OM/NST A —2 1275 2
WOEE THRT v v X VEGROFEN THRE I B0, #3507 2 RO ST FE R 2 RERIREIL 7 o % /SR Wik T
ERNCIR S FUER DN EOFRERER LI b D Th D, AiEEE 243 2 KO MBI BT D 2 ROBE R
T UV R 2 ROIMITHO EENE & A E Z BT 5 L CEERERARME L TR EIRP AT 2 BRI
DFART VLR ORI T HT 2 BEERRR TH D LiHMisn D,

Lo TARRRE, MR E LTMEH D LD RO D,






