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Numerical Prediction of the Powering Performance
of a Car-Ferry in Irregular Waves for Safe Return to Port(SRtP)
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Kwang-Soo Kim®™" and Yoo-Chul Kim®™
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KEY WORDS: SRtP {FH7AE, CFD AAHTAI 48], Irregular wave E-712 1}, Self-propulsion A+,

condition Z<=3El

Zh 2] 2] SRtP A8mpE =X A AT

, Damaged condition ¥/3-¢H], Flooding

ABSTRACT: This paper considers a numerical assessment of the self-propulsion performance of a damaged ferry carrying cars in irregular waves.
Computational fluid dynamics(CFD) simulations were performed to see whether the ferry complied with the Safe Return to Port (SRtP) regulations
of Lloyd’s register, which require that damaged passenger ships should be able to return to port with a speed of 6 knots (3.09 my/s) in Beaufort 8
sea conditions. Two situations were considered for the damaged conditions, i.e., 1) the portside propeller was blocked but the engine room was not
flooded and 2) the portside propeller was blocked and one engine room was flooded. The self-propulsion results for the car ferry in intact condition
and in the damaged conditions were assessed as follows. First, we validated that the portside propeller was blocked in calm water based on the
available experimental results provided by KRISO. The active thrust of starboard propeller with the portside propeller blocked was calculated in
Beaufort 8 sea conditions, and the results were compared with the experimental results provided by MARIN, and there was reasonable agreement.
The thrust provided by the propeller and the brake horsepower (BHP) with one engine room flooded were compared with the values when the engine
room was not flooded. The numerical results were compared with the maximum thrust of the propeller and the maximum brake horse power of the
engine to determine whether the damaged car ferry could attain a speed of 6 knots(3.09 mys).
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Table 1 Main dimensions of the car ferry ship

Designation Ship Model
Length, Lpp [m] 148.0 8.000
Breadth, B [m] 24.8 1.340
Depth, D [m] 14.0 0.757
Wetted surface area, S [m’] 4028.0 11.769
Displacement, DISV [m’] 11546.6 1.824
LCB from miship, f+ [m] -6.6 -0.355
VCG [m] 10.9 0.588
Kxx, Kyy, Kzz 0.149, 0.244, 0.244

3

(b) Test model

Virtual disk

(c) Detailed view of the stern

Fig. 1 Coordinate systems and geometry of the car ferry model

(a) KP1378 propeller
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(b) Open water performance curves

Fig. 2 Propeller geometry and open water performance curves
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Fig. 3 Computational domain and boundary conditions

(b) hull surface and propeller grids
Fig. 4 Numerical grid system around the car ferry model
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Table 2 Propeller rps and forces at self-propulsion points in calm

water

Vs Var Ty [N] Oy [Nm] Ny [1ps]
[ki(mv/s)] [m/s] CFD EXP CFD EXP CFD EXP
15(7.72) 179 2811 2867 128 129 840 806
19 (9.77) 227 4821 4880 217 215 1082 10.32
23 11.83) 275 79.84 8137 3.54 348 13.55 12.90

Table 3 Propeller rps and forces at the self-propulsion point for
ship speed of 6 knot (3.09m/s) at damaged condition in

calm water
Vs Vir Ty [N] Ow [Nm] Ny [rps]
[k(m/s)] [m/s] CFD EXP CFD EXP CFD EXP

6 (3.09) 072 1427 1495 0.57 058 473 441

T T T T e
uU: -03 01 01 03 05 07 09 11 13 15 17

Fig. 5 Axial velocity distribution behind the propeller
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Table 4 Wave and wind conditions

Hj;s [m] Tp [s] Viina [m0V/s]
Ship 5.0 9.0 20.7
Model 0.27 2.09 4.81
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model
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Fig. 9 Time histories of ship motions in irregular waves
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Table 5 Comparisons of motions and propeller thrust in irregular

waves
Heave Pitch
(1/3 SA, m) (1/3 SA, deg) Ts [kN]
CFD 1.63 3.62 474.8
EXP 1.39 3.70 526.0

*available max. thrust, 7., [kN] = 746.0

et
rlo
o
fo
»
N
fru
oo
2
B
30,
o
=)
=
o
fru
2
o
o
(&
fru
)
)

M2 fARE ASE Hola vt Z28e Fo| o|FHd {t
o] o 50s o] % wlsz3te] o] Al o]0 ghe HTW o= AH8-E)
tt. FA oM @ e FEs Ee] IES
045 o= =] ¢dom, 7|# &gos uAd 2 Z=24
HE AT WA fr5e] AdE At s ozt BAPE
WA AE £ F AUk ol A" HE Z2de 97 F
&o] =3t 7 dEe] w1, ¢ Ae z2deo 2F
OS2 f&o] Wby o] ATiH oz ol Qo s AR
ek

Table 5= MARIN®| RFAFoNA Algsh= Ao oigh &
et TE8 +E2 1/3 #7953 F(Significant amplitude,
SA)T SRP A< 6:=EB.09m/s)E Wl Bagh Zad o]
A B 8 ke vt vk 971A, T AAIYA
oA AT AN de F e Z2Ade] HY FHS
UERATE Aol M dshsa.2] 739 oF 0.24me ke AfolE
Hol1 FEQ°] e 0.08% AL Ze AfolE Yehfa
At Ak A4 Bt 549 A9 A ARG A
o7t &, °F 9.7% AES] Aol ot WA STk ot 5
Aol eds) wEE dR-fes 7Pdska AR MARIN
o} AFHH 10=E(5.14mjs) ©ofsh he A&ef 35 RN
o] free S/ Tl FAE F = dol He A7t
Aol oA AT wgH Aog AgHh Ty Bt Fadh
Aole FA MM MR ZEA mugos ALRHTh
g F AAL] AA wstel] mE Z2ds fEs 5l
2 A% HA FHL Virtual diskHOE o)Al SFRER
A A3t} v v Zlog F5dr

T, B SR Ads Al o) B 9 5 SReP
A% 6 =EQR.09m/s)E FAISHE Bag tizFel ~antE
ol Virtual disk']< ©]-83 CFD 719 #§o2 HlwZ E}
I AAE S F AS € F Ak, FollA AT
g 719 QRleM 7Hed 4 e ZEdE A 39 .7t
TAGKNO 2 RPN P FAsfo A F48 FHEG of7}
Je As & T Utk ol AEHSE Beaufort 89 EF2 9}
2H00AM G5 FRo2 AFFA i 7 Adute] 6B
(3.09m/5)9] &8 e vl AV Qe Aoz dddn

35 L = A AEl iy

B HollA= tid 7S] 718 E4de] e HE Ao
HAE 718 Je B8-S 7Pgska At BAskA e =
73 Wl aste Beaufort 89 3 5 6:=E(3.09m/s)9] &S f

5T
[e]
= T

Damaged part

Fig. 10 Port side engine room and its damaged part

Ashedl 285w vhe F7FF] dis) =8k o714, A
T2 Qg M) ulR daFe] Azbashks e #4Y 3
o] Ao A Yt 1A ¢, IS 5 &5o=
WA S ARt 2 AF 2 54 33 ZHES ¥stE: &
g ale] 99 ol 1Bt 1 TS A3IAT

Fig. 102 ofgie} ¢ Fxto] /MHEE 55 729 7%
Aol P43 Agrt wAsHE £H ol r|BAe] HE &
of A 7]29] 3.8mx1.0me] &4 FH& BT Qi) #HH
Aol HAEE 2yl 7ae FHe nitjFoz o]
oA Y& 3xZFo] A FYoln, Fx]s|elA 7134l
Uie g2 12EE Qe W AU E 7PEsET Aes AE
glold Azt Aol TAshe Ao® AT FAIE A
& ALY 271 9F 30744 713 A5 dAshE Als g
Istgom, oju A4 Fre] wiE it vlsede] A
A whsEEFe] oF 5.9%) sFsTh

Fig. 113} Fig. 125 5 A3olA 2ke gk A Aakgh
130s B¢t o] WEF=E SH3Hs A A&, Z=d7 F
g, E93 T3 AAle] &% WskE RoFa gt 7|#A
g 27 9F 30s 5 A, o] ATt B AF F5e
FFOE A= $HORE AARI AdElolA FFart dAsh=
A& & 4 Ak o] AZE o] F, g 7)Ao 2 v 9
FeFoz AAr) HHdoz It AA AHE A58 50
A e B 7 ok &5 W] AR HelE 2 niFle

o H4g 7134 W) £27(Sloshing) A= 2

o>
Rl
oo
=
Bl

A ghe Ao BHEth AeHEac) 4% A6 s A%
2 QI Al s} gEleld o] WS AL o3 &

Aek. AAH oz A F9 Iga Eede HFF 20R



8 II-Ryong Park et al.

1000 |
500
0
-500

-1000 |
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time [s]

Resistance [N]

(a) Resistance

)
Z 85
=
5 80
=
F 75
700102030 40 50 60 70 80 90 100 110 120 130
Time [s]
(b) Thrust
32
g,
[}
=
g 28}
-
28440203040 50 60 70 80 90 100 110 120 130

Time [s]
(c) Torque
Fig. 11 Time histories of resistance, thrust and torque at flooding

condition in irregular waves
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Fig. 13 Instantancous views of flooding flow in the engine room

Table 6 Comparisons of resistance, propeller forces and brake horse
power without and with consideration of flooding condition

Nu RTy Tu Owu Ts BHPs
[rps] [N] [N]  [Nm] [kN] [kW]
w/o flooding 8.98 7778  72.90 2.66 4748 4188.4
w/ flooding  9.40 84.67 79.79 2.92 519.7 4821.2

*available max. thrust, 7, [kN] = 746.0
*available brake horse power, BHPs [kW] = 6751.0
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A Study on the Improvement of the Motion Performance of Floating
Marina Structures Considering Korea Coastal Environment
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ABSTRACT: The aim of this study was to improve the vertical motion performance of floating marina structures and to optimize the shapes of
the structures for the Korea coastal environment. The floating body is connected to a plate-shaped submerged body through a connecting line under
the water that has a stiff spring that serves to reduce the heave response. This system, which has two degrees of freedom, was modelled to analyze
the interaction between the floating body and the submerged body. The vertical motion of the two-body system was compared with the motion of a
single body to verify that the system could perform as an optimized model.
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Fig. 1 Floating structures located at Gyeongin Ara Marina (Monthly
Maritime Korea, 2015)
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Table 1 Structural properties of numerical model Weibull (e=0)
Item Dimension 3
Length (Lp) 15 m y=1.1722x + 3.4135 2
Breadth (Bp) 2 m 1
Thickness (7r) I m - 0
Floatin; ~ z
g Water-plane area 30 a6 1 0
body A (=Lp*Br) E
Mass (153 30,750 kg . -2
Vertical restoring 5 -3
coefficient K3; (Kr) 3.0x10° Nim . 4
Thickness (7s) 0.5 m .
0.24F In(H)
(mass = 3,075 kg) Fig. 4 Fitting of Weibull distribution
Submerged . ) _0';‘2‘;7 5 &
body Projected area at vertical ~ (mass = 7,687.5 kg) Table 2 Calculation of ocean wave at Gyeongin Port
direction (4s) 0.84,
(mass = 12,300 kg) Hgy Hy, 1 T 137,
1.04p [m] [m] [sec] [sec] [sec]
(mass = 15,375 kg) 0.5 1.2 1.97 2.14 2.56
0-5£<F Hyg, : 30-year return period significant wave height
) . (1.5<10" N/m) Hy, : 30-year return period marginal significant wave height
ConFectlon A(Iige((l ;gdfﬁl(;ss 3 Oxll.g?;\l Jn) T, : Average zero up-crossing wave period
ine =K e X m
o sk 7 10867
DKF
Tm

(4.5%x10° N/m)

-

s 2000 a0

e e

Fig. 3 Numerical model of two DOF structure

FAlel FAE Im2 AR o, EFAE FaAe] T4
Ao 2 7Pgstath Eg, FAAS} EeAE ddste 942
Ao] Aol It 4 & 2AHE 1BEt Im=E AASH S
o, YAt Fup=0] W= 0.0rad/sHE 6.0rad/s7HA], 0.1rad/s
AR F 607N2] Fupol thel a4S sk

HBF7NE dE Ut ASE 95 JER dYNERIRE
3314, Fig 49} 2L FAHS

o
oo
ol
£
r>~
ofh
toe
X
M
1
o

D 13~147

T Atk E=3E o] FAAL 7]erIe}h yHHS
FEE7] frejstae) Huuarls 458 4 UATHSNAK,
2014).

AR vy &% Yo fol9tilE 03m & 9A &
oF 3tH, Al Bl 225 V|Eo 2 ) xS s01d b
F715 18 A= FY3E 05m, HAgr]E 25
2 Jdx] Polok FITHMOF, 2013). Table 2= <13 ] o)
20129 RE 2015971A] #ZH FIFHEE o] &3l 309
E7]0] tigk fro/@As 9 H9Fr1E WeibulliZZ
o]-g3te] oS3t AEg Aotk {FolviE 0.5m=E 5019
7100 tigh 71es sk, S 27622 501
HEZE7]0) gl 71ERT 6 2 AL E81E 4 ok guty
Q1 mkEve] 50 WHEST|O] thdk Hojulgr]e & AYo] of
g o8 A9 HulgFr]9] ghell i FHo|BE J|EXR
o A & Aojgta Atk Akt 48 Al Hojggr]E
1379 3t& ARE3HAT

Fig. 55 72913e] wtg} AR o =3 309 wHEF7] o3
a9} Hujur)E ol gste 9 g ~HELDS Yehd A
ojth. #g ~HERY Hugd FI7) 2.28md/sY W LAY
slen, g ~HERe] & & VX E I Fu e}
SR A ks8] AfFu HAvE Bl A FhA
o] AA AdslEo] AXA Hrh 2 AFolAs ek 22
g ~HEYo] Z e A= HlolA B G o
A et A sy sl g FiAet olF

SgAle) S ST

L2
z flo

¢

o e B g S

¢

“



14 Dong-Min Kim, Sanghwan Heo and Weoncheol Koo

0.012
0.01
0.008
2 0.006
(%]
0.004
0.002

0 1 2 3 4 S 6
Frequency (Rad/s)

Fig. 5 Incident wave spectrum at Gyeongin Port (7] =2.14 s, H, =
0.5 m)
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Fig. 6 Heave RAOs of the surface floating body

Table 3 Natural frequencies and RAOs of the surface floating body

. Ratio w, [rad/s] RAO
Single body
- 2.3 1.7206
2.1 2.2151
AJ/A,= 02
6.2 0.4538
B 1.8 3.1852
Two-body at A/ Ap= 05 4.7 0.7855
various area 16 42348
ratios AJA,= 038 ' '
4.2 0.9188
1.5 3.7023
AJ/A,= 10
4.1 1.0722
1.2 7.8630
KJ/K,= 05
3.0 0.2830
Two-body at 14 8.6842
various stiffness K/ K= 1.0
ratios 3.6 0.4339
1.5 5.6283
KJK,= 15
4.1 0.5277
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Pseudo Mapping Method for Singular Integral of Curved Panels
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244

ABSTRACT: A numerical method is suggested for evaluating the singular integral of curved panels in the higher-order boundary element method.
Two-step mapping procedures that are significantly related to the physical properties of singular behaviors were developed and illustrated. As a result,
the singular behaviors were significantly alleviated, and the efficiency and robustness of the present method for tangentially and axially deformed
elements were proven. However, inaccuracies and numerical instabilities of twisted elements were discovered as a result of nonlinearities.

3, AAQARe AF 24 Fuke] U QAR (Constant panel

et 9 got fopol X BHR S1elerH AAE mdele 4 method) T A HFA ZAE o183 DAA R (Higher-
AX BAe AAAEDYAS B8] 2 5= glow 774 order boundary element method) & & WH A = dEd] I 84
QAHe o] AAXRERHAS FEA0T E 5 9= Fad WA AEALENS] FAAR A= 3 82 Liu et al
FH) AL F s AEugs) ok AAL e g (191) ol oA wlawd wh glow, nAIA AN W
A, AR, 2% SR 5o gk 9o sAe fa A8t w2 AEEE F dEA Aok 7374] T 2o
Hgg F glom, B3] BAo] AmiASl sy A4 B B M $A AFT Sl A M FelHie s
Ao &5 Mol MEs ZelA o]2o] ZWHE fAY AF 5 © olEwol S, AAEA LAY M= Eé}} =de| 7
A W =2 ALLE T 9Tk Al 84F0] A o m A & B X 4
AALLHE TZe2(Laplace) T EEZ(Helmholiz) W w2 H3iM= HH a0 vis] Fha oz g2 ALk AR

A& ‘ﬂdrgl'h & Gl B3gE 715 &gl A Z*%— L9
S XA AAHEEGA S oM AIA F IHoA 9 Bold HEHL o ARE B ATAE

’H?_,j o Eyia = A FYo] oy o] oggq & M=) gh=dl, ©] % Guiggiani and Gigante(1990)2}

22 BT Q= AASY ALeHE AAzANo 2 EAZ  Guiggiani et al(1992)E AAH LA 2 0] 71 4= Q= o)A
Z 5 Jdoe AHL 7ML Utk AN AA g e 7 (Singularity)e 9F3F 50](Weakly singular), 733t 5-°](Strongly
é—l_ o)

A AAES A E Sk 4] 7] B8 (Fundamental  singular), Z25-](Hypersingular)®] Al 7H4] 7%= £2jste] H<Y

1 =z Zx\_/\(Rankme source) ¥} wW]HEQl Tho]E 2 F4 Z70(Taylor’s series expansion)E ©]-8-3F %3142 (Semi-
(Dipole)S ZFsta 9o, 0|5 Fzte] tig el g4 analytical) WS A8 HF UTh T Rong et al(2014)2
(Delta function)2] $2 5% &<~(Impulse response function)ZA] Guiggiani and Gigante(1990)2} Guiggiani et al.(1992)°] B¢ =
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Fig. 2 Pseudo mapping method: Tangential deformation

Fig. 3 Pseudo mapping method: Normal deformation
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Table 1 Position vectors of test elements

Element type

1* element

2" element

Node number

0, -2, 0)

(1, 0, 0)

1, 2, 0
(092387953, 3, 0.38268343)
(0.70710678, 4, 0.70710678)
(0.70710678, 2, 0.70710678)
(0.70710678, 0, 0.70710678)
(0.92387953, -1, 0.38268343)
(0.92387953, 1, 0.38268343)

O 0 1 O L A W N —

(9.60383570, 0, -2.30673860)
(10.6937260, -0.32298802, 2.17538260)
(12.016290, -0.57100546, -2.34276250)
(11.3972740, -1.04141720, -1.84616940)
(10.6447760, -1.54068710, -1.55561950)
(9.40466430, -0.91600309, -1.51056070)

(8.51099060, 0, -1.55062450)

(9.08797830, 0, -1.88489470)
(10.0882940, -0.65084745, -1.73879260)
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Fig. 5 Numerical results for 2" element: weakly and strongly singular cases
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PIV Measurements of Non-cavitating and Cavitating Flow in
Wake of Two-dimensional Wedge-shaped Submerged Body

Ji-Woo Hong®™, So-Won Jeong®™" and Byong-Kwon Ahn®™
"Department of Naval Architecture and Ocean Engineering, Chungnam National University, Daejeon, Korea

PIVE ©o| &3 221 718 B4 379 dlads 2 35 73 A=

KEY WORDS: Particle image velocimetry 4A+%973-+47, Wake flow $7F 5, Cavitation 3%, Vortex street 9+

ABSTRACT: The vortex flow behind a bluff body has been a subject of interest for a very long time because of its engineering applicability such
as to vortex induced vibration. In the near wake of a bluff body, vortices are periodically shed in two shear layers, which originate in the trailing
edges. The far wake is made up of the classical Karman wvortices, which are connected together by streamwise and spanwise vortices. These vortex
formations have been studied in many experimental and numerical ways. However, most of the studies considered non-cavitating flow. In this
study, we investigated cavitating flow in the wake of a two-dimensional wedge. Experiments were conducted in a cavitation tunnel of Chungnam
National University. Using a particle image velocimetry (PIV), we measured the velocity fields under two different flow conditions: non-cavitating
and cavitating regimes. We also investigated the vortex shedding frequencies using an absolute pressure transducer mounted on the top of the test
window. Throughout the experiments, it was found that the shedding frequency of the vortex was strongly affected by cavitation, and the Strouhal
number could exceed its value in the non-cavitating regine.
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Motor Power: 90kW (120HP) Centrifugal Pump
No.1 Test Section: 100mm x 100mm (Contraction Ratio 15:1)
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Fig. 2 Test model and schematic view of the wake flow of a wedge-shaped body
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Fig. 7 Comparison of v velocity components at different Reynolds numbers
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Study of the Prediction of Fatigue Damage Considering the
Hydro-elastic Response of a Very Large Ore Carrier (VLOC)
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ABSTRACT: Estimating fatigue damage is a very important issue in the design of ships. The springing and whipping response, which is the
hydro-elastic response of the ship, can increase the fatigue damage of the ship. So, these phenomena should be considered in the design stage.
Houwever, the current studies on the the application of springing and whipping responses at the design stage are not sufficient. So, in this study,
a prediction method was developed using fluid-structural interaction analysis to assess of the fatigue damage induced by springing and whipping.
The stress transfer function (Stress RAO) was obtained by using the 3D FE model in the frequency domain, and the fatigue damage, including
linear springing, was estimated by using the wide band damage model. We also used the 1D beam model to develop a method to estimate the
fatigue damage, including nonlinear springing and whipping by the vertical bending moment in the short-term sea state. This method can be
applied to structural members where fatigue strength is weak to vertical bending moments, such as longitudinal stiffeners. The methodology we
developed was applied to 325K VLOC, and we analyzed the effect of the springing and whipping phenomena on the existing design.
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Fig. 4 Fatigue me
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Table 2 Mode shape and natural frequency
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CFD Simulation of Air-particle Flow for Predicting the Collection
Efficiency of a Cyclone Separator in Mud Handling System

Gyu-Mok Jeon®" and Jong-Chun Park®"

‘Department of Naval Architecture and Ocean Engineering, Pusan National University, Busan, Korea

Mud handling system W cyclone separator®]
AXEE F4e AT 37]-242] CFD A& olAd

KEY WORDS: Cyclone separator ¥414&-2]7], Collection efficiency %1 &&, Air-particle flow &7]-%A &, Computational fluid
dynamics Z4HrA| 9%}, One-way coupling T3 14

ABSTRACT: Drilling mud was used once in the step of separating the gas and powder they were transported to a surge tank. At that time, the
fine powder, such as dust that is not separated from the gas, is included in the gas that was separated from the mud. The fine particles of the powder
are collected to increase the density of the powder and prevent air pollution. To remove particles from air or another gas, a cyclone-type separator
generally can be used with the principles of vortex separation without using a filter system. In this study, we conducted numerical simulations of
air-particle flow consisting of two components in a cyclone separator in a mud handling system to investigate the characteristics of turbulent vortical
flow and to evaluate the collection efficiency using the commercial software, STAR-CCM+. First, the single-phase air flow was simulated and
validated through the comparison with experiments (Boysan et al., 1983) and other CFD simulation results (Slack et al.,, 2000). Then, based on
one-way coupling simulation for air and powder particles, the multi-phase flow was simulated, and the collection efficiency for various sizes of
particles was compared with the experimental and theoretical results.

1. M g FAHgo] Aa1 G50] F7] Wl s FF7HA A 4
AollA hFstAl AHEE L Jlem, 53] vl=3 4 Sl &
el A A 2 7kaS A5 o, SUH EDrll bine] £ = AFATVF ol FAASH.

9 J7r2R-g3 A f)elo] FUXA] A 4ES FAANATE A27HA A4 22l 71el tek AP A=, Boysan et al.(1983)
H3HS Fh= M EMud)7} AHEEH, o]Z8 W9 =3k Ax]g], < LDA(Laser doppler anemometry)E ©]-&3 o= A4HEd
AR =o] d3S = M= HEY A 2-8(Mud handling system) 71 W] S &0 @] S248e 48S S8 A
o] oty Yurd o M WY A 2HS o] 83ty 3)4HE SRS, Slack et al.(2000)2 3-8 ZEIFQ] FLUENTE ©]-&
HEo = nlo] I 2 e o] mAg BA7} 2A)5ta glom, o]y 3} Boysan et al.(1983)2] AdoA SAHHE YFEET HAEES
A= 72}'13]01] 248 = 5 U] Wi AH BEsojor g Ml B, dRELY wE 3 Algdelde] g
t}. o]& 3} A 2= W E|(Bag filter), Electrofilter 12 o o3l AESIFTE T3 Bernardo et al.(2006), Elsayed(2011)

|

AR %F/] 7)(Centrifugal separator ®3= Cyclone separator)7} ¢} “LZ|3L Elsayed and Lacor(2013)2 dAl2e]7]e] F/gmistel
t} o] = YA Baly|e ulA 9380 ted 122 Xy WE f5 #HEl] tigk AFE st Vortex ﬁnder«] 4
FUE EAF M QA3 YA S o] gl BAot wes o] mE S W S5 B AT S50 ¥sE 24
BelahA Ak o]Hd YAES o] 83 thd Belrls Ax 9@ SIS Dias et al(2009)= YAEE]7] ] A=A 01] w2
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Fig. 1 Schematic view of centrifugal separator (left: measured lines,
right: geometrical notation)

Table 1 Details of geometrical notation

Cyclone configuration [Unit : m]

D 0.205 Dexit 036 D
Dout 05D H 4 D
Hin 0.5 D L 1.5 D

K 0.75 D

(a) Side view

(b) Top view

Fig. 2 Grid system for separator
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Table 2 Mass flow rate for each case

Mass flow [kg/s]

Case -
Air Dust
Air 0.098 -
Air + Dust 0.098 0.002

Outlet : Pressure outlet

» |

Inlet : Mass flow inlet

Y
Wall : No slip

Fig. 3 Boundary condition for separator
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FRES) A, Sea trial test Al Al

ABSTRACT: Recently, problems with excessive vibration of the radar masts of large bulk carriers and crude oil tankers have frequently been
reported. This paper explores a design method to avoid the resonance of a radar mast installed on a large ship using various design of experiment
(DOE) methods. A local vibration test was performed during an actual sea trial to determine the excitation sources of the vibration related to the
resonant frequency of the radar mast. DOE methods such as the orthogonal array (OA) and Latin hypercube design (LHD) methods were used to
analyze the Pareto effects on the radar mast vibration. In these DOE methods, the main vibration performances such as the natural frequency and
weight of the radar mast were set as responses, while the shape and thickness of the main structural members of the radar mast were set as design
factors. From the DOE-based Pareto effect results, we selected the significant structural members with the greatest influence on the vibration
characteristics of the radar mast. Full factorial design (FFD) was applied to verify the Pareto effect results of the OA and LHD methods. The design
of the main structural members of the radar mast to avoid resonance was reviewed, and a normal mode analysis was performed for each design using
the finite element method. Based on the results of this normal mode analysis, we selected a design case that could avoid the resonance from the major
excitation sources. In addition, a modal test was performed on the determined design to verify the normal mode analysis results.
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Table 1 Principal dimensions and propulsion system specifications

Contents Particulars
Length overall 292.0 m
Ship particulars Breadth 450 m
Depth 25.0 m
Type 2 Strokes
Main engine No. of cylinder 6 EA
particulars Power at MCR 15,5000 kW at 70 rpm
Power at NCR 12,010 kW at 64 rpm
Propeller Type Fixed pitch propeller
particulars No. of blades 4 EA
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Fig. 3 Vibration response results of radar mast at sea trial
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Fig. 6 Normal mode results of radar mast (left: Trans. mode, right: Longi. mode)
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DF-#4: Platform plate
6t <8t <10t

DF-#6: Platform bracket
6t <8t <10t

DF-#1: Mast body
6.5t< 9.5t <12.5t
DF-#3: Bracket stiffener
8t <12t <16t

Fig. 7 Detailed setup for design factors of radar mast
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Table 2 Design factor range of radar mast

Design Lower limit  Original design ~ Upper limit
factors value [mm] value [mm] value [mm]
DF-#1 6.5 9.5 12.5
DF-#2 8 12 1
DF-#3 8 12 16
DF-#4 6 8 10
DF-#5 6 8 10
DF-#6 6 8 10
DF-#7 6 8 10

DF-#7: Platform bracket stiffener
6t <8t <10t

DF-#5: Platform stiffener
6t < 8t <10t

DF-#2:Lower bracket
8t <12t <16t
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Table 3 DOE run table of OA

DOE run No.  PF#! DF-#2 DE-#3 DF-#4 DF-#5 DE-#6 DE#7  1st NF? 2nd NF?  Weight
[mm]  [mm]  [mm]  [mm]  [mm]  [mm]  [mm)] [Hz] [Hz] [ton]
6.5 8 8 6 6 6 6 343 3.49 6.58
2 6.5 12 16 8 8 6 10 4.03 4.11 6.97
9.5 16 12 10 10 6 8 3.78 3.85 7.53
79 6.5 12 8 8 10 10 3.93 4.00 6.77
80 12.5 16 16 10 6 10 3.93 4.01 8.21
81 9.5 8 12 6 10 10 3.94 4.01 7.27
1) 1st N.F: Natural frequency of Trans. direction mode
2) 2nd N.F: Natural frequency of Longi. direction mode
Table 4 DOE run table of LHD
DOE run No. DF-#1 DF-#2 DF-#3 DF-#4 DF-#5 DF-#6 DF-#7 Ist NF 2nd NF Weight
[mm] [mm] [mm] [mm] [mm] [mm] [mm] [Hz] [Hz] [ton]
1 6.57 9.93 13.65 8.73 7.90 8.55 9.01 322 3.28 6.92
2 6.56 14.58 13.47 7.90 6.69 9.48 9.39 3.30 3.36 6.81
6.54 10.86 11.61 6.78 7.52 9.57 7.90 3.30 3.38 6.62
41 11.51 13.10 12.35 9.20 8.46 6.41 8.08 4.01 4.09 7.97
42 11.70 9.38 10.49 8.08 9.29 6.50 6.59 4.18 4.26 7.89
43 11.89 14.03 10.31 7.25 8.08 7.43 6.97 4.09 4.19 8.07
Table 5 Pareto effect results for OA and LHD
) Ist NF 2nd N.F Weight
Design factors
OA LHD OA LHD OA LHD
DF-#1 36 % 46 % 36 % 47 % 49 % 45 %
DF-#2 38 % 19 % 39 % 19 % 6 % 7 %
DF-#3 1 % 5% 2 % 7 % 2% 2%
DF-#4 9 % 11 % 8 % 8 % 18 % 22 %
DF-#5 1 % 4 % 1 % 5% 15 % 14 %
DF-#6 7 % 7 % 7 % 7 % 3% 3%
DF-#7 8 % 8 % 7 % 7 % 7 % 7 %

FRFF} FFE S| (Response) . AA S TE Table 29+
Fig. 701= ol vtaEe] AARIA Aol disl] Aelste
ERA AT

Table 29} Fig. 73} o] A4 AARJA S} S & 83t
0A9] 7ZS-oll= 813]9] APy Ee T3, LHDL] 75l
= 433)9] AFAE-& 7933} Table 3-49= OAS} LHD2]
AFYPE & T3 AEH SEXY ZHE AHestd Yedtk
T3 0A9} LHDO] A ¥y -& ©]-83te] DOE Widl we §%
x| E AARIAS] FHFEH JFE=E 3 E(Pareto) £ F3
Table 59 2|3t YelJUTh S E B4 g AR
ko] 7 sl uet S5 SHA Y B MstES YEh=
AEZ2A AARIA B2 AEE JeFre |7 42 & A
A1) @Aol 3 =T B AL onFit)

Table 5o YRt nke} Zo] 0AS} LHDS] W =5 3y
g WY meo] afEsel dsiAe rkE Hht(DF-#1)
o} sHA| A BEMA(DF-#2)°] FEF=7F 7 B4 vEltal, &
ZFol tsixe v-E ult|(DF-#1)9F FAE A5A|(DF-#4)<]
FF=7t =7 YERTh Table 59 OASH LHDS] Y= 37b
ANE 7F3t7] 213l Table 63 Zo] FFDE 283t 2,1873]
o] APPL& FAsIATE =3 FFDE 243 499 35A
H AARIAe] = ZIeh P 0ASH LHDSFS] e44-8-S
“d2)ske] Table 79 LFERASATH

Table 79 YR ule} o] 0A2] Aoy} LHDRET} A2
2 22 AFgEE YRtk o= LHD7F 2ARIAE #HEHA
AAFRL ol Midshs 54 wiiEel B Aol aeigh go]
O nfaEo] MAEA Y sl OARTE E&ZQ] o] oz
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Table 6 DOE run table of FFD
DF-#1 DF-#2 DF-#3 DF-#4 DF-#5 DF-#6 DF-#7 Ist N.F 2nd N.F Weight

DOEmnNe. o) [mm]  [mm]  [mm]  [mm]  [mm]  [mm]  [H  [H o]
1 6.5 8 8 6 6 6 6 3.42 3.48 6.58

2 6.5 8 8 6 6 6 8 3.40 3.46 6.61

6.5 8 8 6 6 6 10 3.37 3.43 6.64

2185 12.5 16 16 10 10 10 6 441 4.47 8.47
2186 12.5 16 16 10 10 10 8 448 4.54 8.77
2187 12.5 16 16 10 10 10 10 4.59 4.65 8.80

Table 7 Comparison of Pareto effect results

Ist N.F 2nd N.F Weight
Design factors Error ratio Error ratio Error ratio
FFD FFD FFD
OA LHD OA LHD OA LHD
DF-#1 37 % 14 % 26.0 % 37 % 22 % 27.7 % 49 % 02 % 82 %
DF-#2 39 % 2.6 % 359 % 40 % 2.0 % 322 % 6 % 0.1 % 16.7 %
DF-#3 1 % 53 % 57.9 % 2 % 2.6 % 28.2 % 2 % 0 % 0 %
DF-#4 8 % 59 % 29.4 % 7 % 6.7 % 6.7 % 18 % 0.2 % 222 %
DF-#5 1 % 53 % 579 % 1 % 3.1 % 49.5 % 15 % 0.1 % 6.7 %
DF-#6 7 % 14 % 1.4 % 7 % 1.6 % 1.6 % 3% 0 % 0 %
DF-#7 7 % 6.7 % 6.7 % 6 % 77 % 77 % 7 % 0 % 0 %
Zoz AAHET Table 340 Uehd ZAAH AL HlE dul oEe] S E AT AANALE T oEe
79l ZHol M LHD7} OARTH of 2|4 E G&Ao|AM, & LRUESE B0 B Fols WY T BFE Ygow
AT dol mhiEe] MARAYG BAY PP AP AN T 5 U, o AL 710Y Faroke] FRS)
I FJEE Brre] AP SHolA 0ATF AR Aow yet A& vefste] AAsks Aol BigEith ofE sl & AgellA
%tk DOE 718 JE 9= F7I2RE #7133 48 24 4 & Fig 8% Z°] Campbell =3 (Campbell, 1924)E =A8}] 7]
Aol dlole] vhiEe] F |AYTe] FAL AT £ 9 AY T FAAAG] BAS HE=SHA: Fig. 80 e}
= AANALE vE2E v (DF-#1)%F sHEAA] BEPA(DF#R)e b Hhek o] Fr]dst Z2aed o7k 7|131Y Fubre] st
FTAOE AAMAAE BB Zlo] FAd Aoz Yelgth & VI I wEh AN, H24 FEH0R Ho)
3.2 Al TSN d vhiEe] PPF BE LFAEFE A3 NCR ZAe
10.00
|
900 T T T T T T T et
goo PP et
200 11t b e T ||
""""""""""""""""" L Resonance
-g 6.00 e 1= Point
T | LT 44111 ——2nd M/E U-MOMENT
§ 5.00 e ’/,,/ i .| - - 3rd M/EX-MOMENT
g — - @mimtmn] . _15¢ PROPELLER
500 TT I T T T I T T T id3d4=77T — -6th M/E H-MOMENT
----------------- 2nd PROPELLER
3.00 -
2.00
1.00
0.00

Shaft rotation [rpm]

Fig. 8 Campbell diagram of radar mast vibration
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Table 8 Design enhancement cases of radar mast

Thickness of DF-#1 Thickness of DF-#2 Ist N.F 2nd N.F
Case no. Shape of DF-#2 [mm
[mm] [mm] P (mm] [Hz] [Hz]

Case-#1 6.5 8.0 600x1500* 3.16 3.23 1134 %
Case-#2 9.5% 10.0 400%500 2.89 2.95 101 %
Case-#3 9.5% 8.0 600400 with R600 271 2.82 155 %

*: original design specification

Weight variation

Contour Plot Mode#1 Frequency= 3.16004000Hz ~ Contour Plot Mode#2 Frequency= 32260 +000Hz
Oisplac: Displacement(Mag)
r atom alysis systom
8 108E-01
796701 Euusov
7.2436:01 6757601
26518201 S-6081E01
—579E01 —5.406£01
=5.070E01 —4730E01
2346601 =-4054€01
23621801 #-339E01
=-2697€01 =-2703601
2173601 2027601
1.449E01 1351601
7.243€.0: 6 757€.0;
00006400 0.000E+00

Max = 8691E01
Node 83065
Min = 0.000E+00
Node 129302

Max = 8.108E-01
Nodo 122911

Min = 0,000€
Node 129302

5 f
N | -
(a) Case-#1: Trans. mode (left) and Longi. mode (right)
Contour Plot Mode#1 Frequency= 2.892e4000Hz Contour Plot Mode#2 Frequency= 2.945e+000Hz
Displacement(Mag) Displacement(Mag)
Analysis system Analysis system
8.182E-01
':7 273E-01 -6.930E-01
——6.364E-01 —6.064E-01
—5.455E-01 —5.198E-01
+—4.546E-01 =4331E01
£ -363mE0 £ 3.465€01
T2727€-01 +=—2.599E-01
1.818E-01 1.733E-01
9.091E-02 -8.663E-02
0.000E +00 0.000E +00
Max = 8.182E-01 Max = 7.796E-01
Node 83365 Node 122911
Min = 0.000E+00 Min = 0.000E+00
Node 129302 Node 129302
z

(b) Case-#2: Trans. mode (left) and Longi. mode (right)

Mode#1 Frequency= 277104000Hz  Contour PI Mode#?2 Frequency= 28200+000Hz

Contour Plot
Displacement(Mag)
An om

E73755m
6 705€.01
Eeoeon
Ceseon
—iemeon
Fioxeon
Esoseo
Eemeon

=-2011€01
1341E01
6.7056-02
0.000E400

Max = 8.045E.01
Node 83365

Min = 0.000E 400
Node 129302

Max = 7.739€.01
Node 122911

Min = 0,000E+00
Node 129302

(c) Case-#3: Trans. mode (left) and Longi. mode (right)
Fig. 9 Normal mode results of design enhancement cases
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Table 9 Comparison of test and analysis results for Case-#3
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Fig. 10 Frequency response test results of Case-#3 - Trans. direction (upper) & Longi. direction (lower)
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Experimental Study on Hydraulic Performance of
Perforated Caisson Breakwater with Turning Wave Blocks
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KEY WORDS: Non-porous caisson F3#°]<, Turning wave blocks caisson 3|Z-EEA0]<&, Reflection coefficients ¥HAHE, Wave
overtopping rates Y38, Wave forces 7%

ABSTRACT: Recently, a perforated caisson breakwater with turning wave blocks was developed to improve the water affinity and public safety of
a rubble mound armored by TTP. In this study, hydraulic model tests were performed to examine the hydraulic performance of a non-porous
caisson and new caisson breakwater with perforated blocks for attacking waves in a small fishery harbor near Busan. The model test results showed
that the new caisson was more effective in dissipating the wave energy under normal wave conditions and in reducing the wave overtopping rates
under design wave conditions than the non-porous caisson. It was found that the horizontal wave forces acting on the perforated caisson were
slightly larger than those on the non-porous caisson because of the impulsive forces on the caisson with the turning wave blocks.
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Table 2 Reflection coefficients of non-porous and caisson with turning wave blocks

Water level Tis His Reflection coefficients
Wave steepness - -
[cm] [s] [em] Non-porous caisson Porous 15 % caisson
1.0 0.004 0.932 0.917
1.4 4.0 0.017 0.926 0.904
7.0 0.030 0.921 0.889
1.0 0.003 0.958 0.949
(+) 37.0 1.8 4.0 0.013 0.94 0.939
7.0 0.022 0.934 0.927
1.0 0.002 0.964 0.960
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(a) Non-porous caisson
Fig. 4 Reflection coefficients vs. wave steepness
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(b) Caisson with turning wave blocks
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Table 3 Mean overtopping rates of non-porous caisson & caisson
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with turning wave blocks

Mean overtopping rates [cm®/s/cm]

Water level Hy3 T
[cm] [cm] [s] Non-porous caisson Porous 15 % caisson
20 22 0.648 0.533
) 2.6 0.669 0.563
22 3418 2.801
(+) 44.0 10.0
2.6 4.532 3.654
22 7.453 6.743
12.0
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10 10
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Fig. 5 Mean overtopping rates vs. wave heights
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Fig. 6 Time series of horizontal wave forces acting on the non-porous caisson in case of Hy; = 8 cm, Ti3 = 2.6 s
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Fig. 7 Scene measuring horizontal wave forces acting on non-porous cassion and caisson with turning wave blocks
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Fig. 8 Time series of horizontal wave force acting on the non-porous and turning wave blocks caisson in case of Hj3 = 8 cm, 75 = 2.6 s

Table 4 Maximum horizontal forces of non-porous and caisson with caisson with turning wave blocks in case of non-overtopping

Cross sections Hys Tis Maximum forces Remarks
[cm] [s] [ke]
22 13.25 .
40 Non-overtopping
Non-porous 2.6 15.32
caisson 29 25.84
8.0 Small overtopping
2.6 31.07
22 15.48 .
4.0 Non-overtopping
Caisson with turning 2.6 17.11
wave blocks 22 3124
8.0 Small overtopping
2.6 35.48
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Hydrodynamic Characteristics of Tide-Adapting Low-Crested Structure
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KEY WORDS: Low-crested structure(LCS) AP} 7%=, Tide-adapting low-crested structure(TA-LCS) 912} S53 Anj& Fx2E,
Wave control 3}8A)|¢], Breakwater development W34l 7l Hydraulic experiment 42|43

ABSTRACT: A low-crested structure (LCS) is an excellent feature not only because it provides shore protection but also because it is fully
submerged. However, in order to properly control waves, it is necessary to maintain a certain range of crest height and width in consideration of
the wave dimensions at the installation area. According to previous studies, an LCS has some wave breaking effect when the crest width is more than
a fourth of the incident wavelength and the crest depth is less than a third of the incident wave height. In other words, if the crest width of the
LCS is small or the crest depth is large, it cannot control the wave. Therefore, when an LCS is installed in a large sea area with a great tidal range
in consideration of the landscape, waves cannot be blocked at high tide. In this study, the hydraulic performances of a typical trapezoidal LCS with
a constant crest height and a low-crested structure with an adjustable crest height, which was called a tide-adapting low-crested structure (TA-LCS)
in this study, were compared and evaluated under various wave conditions through hydraulic experiments. It was found that the wave transmission
coefficients of the TA-LCS at high tide were lower than the values for the typical LCS based on empirical formulas. In addition, the hydraulic
performances of the TA-LCS for wave reflection control were 12.9730.4% lower than that of the typical LCS. Therefore, the TA-LCS is expected to
be highly effective in controlling the energy of incoming waves during high tide even in a macro-tidal area.
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Table 2 Hydraulic performance of TA-LCS for wave blocking

Mean transmission coefficient (KT)

Efficiency [%)]

H, [cm] F, [cm] F/H, TA-LCS
Eq. ()

34 310 34 310
3 2.33 0.845 0.545 0.476 193.5 238.1
5 7 1.40 0.697 0.515 0.462 60.1 77.6

7 1.00 0.596 0.496 0.434 24.8 40.1
Averaged value 0.713 0.519 0.457 67.6 89.2
3 4.00 0.953 0.603 0.563 744.7 829.8
5 12 2.40 0.853 0.566 0.530 195.2 219.7
7 1.71 0.758 0.550 0.502 86.0 105.8
Averaged value 0.855 0.573 0.532 194.5 222.8

Table 3 Hydraulic performance of TA-LCS for wave reflection control
Mean reflection coefficient (KR) Efficiency [%)]
H, [cm] F, [cm] F/H, . TA-LCS
Typical LCS

34 310 34 310

3 2.33 0.376 - - - -

5 2 1.40 0.344 - - - -

7 1.00 0.338 - - - -

Averaged value 0.713 - - - -

3 233 - 0.338 0.335 10.1 10.9

5 7 1.40 - 0.306 0.330 11.0 4.1
7 1.00 - 0.238 0.257 29.6 24.0
Averaged value 0.353 0.294 0.307 16.7 12.9

3 4.00 - 0.302 0.323 19.7 14.1

5 12 2.40 - 0.238 0.300 30.8 12.8
7 1.71 - 0.197 0.252 41.7 25.4
Averaged value 0.85 0.246 0.292 30.4 17.4
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Effects of Waveform Distribution of Tsunami-Like Solitary Wave
on Run-up on Impermeable Slope
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ABSTRACT: For decades, solitary waves have commonly been used to simulate tsunami conditions in numerical studies. However, the main
component of a tsunami waveform acts at completely different spatial and temporal distributions than a solitary waveform. Thus, this study applied
a 2-D numerical wave tank that included a non-reflected tsunami generation system based on Navier-Stokes equations (LES-WASS-2D) to directly
simulate the run-up of a tsunami-like solitary wave on a slope. First, the waveform and velocity due to the virtual depth factor were applied fo the
numerical wave tank to generate a tsunami, which made it possible to generate the wide waveform of a tsunami, which was not reproduced with the
existing solitary wave approximation theory. Then, to validate the applied numerical model, the validity and effectiveness of the numerical wave tank
were verified by comparing the results with the results of a laboratory experiment on a tsunami run-up on a smooth impermeable 1:19.85 slope.
Using the numerical results, the run-up characteristics due to a tsunami-like solitary wave on an impermeable slope were also discussed in relation
to the volume ratio. The maximum run-up heights increased with the ratio of the tsunami waveform. Therefore, the tsunami run-up is highly likely
to be underestimated compared to a real tsunami if the solitary wave of the approximation theory is applied in a tsunami simulation in a coastal
region.
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Effect of Repetitive Impacts on the Mechanical Behavior of
Glass Fiber-reinforced Polyurethane Foam

Myung-Sung Kim®’, Jeong-Hyeon Kim®™’, Seul-Kee Kim®" and Jae-Myung Lee®™

‘Department of Naval Architecture and Ocean Engineering, Pusan National University, Busan, Korea
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KEY WORDS: Glass fiber-reinforced polyurethane foam 24 73} E2]-9-He &, Impact load 52 3%, Repetitive impact ¥H %
, Mechanical behavior 7|14 A5, Impact behavior %2 745

ABSTRACT: In a cryogenic storage structure, the insulation system is in an environment in which fluid impact loads occur throughout the lifetime
of the structure. In this study, we investigated the effect of repetitive impact loading on the mechanical performance of glass fiber-reinforced
polyurethane foam. The repeated impact loading test was conducted in accordance with the required impact energy and the required number of
repetitive impacts. The impact behavior of glass fiber-reinforced polyurethane foam was analyzed in terms of stress and displacement. After the impact
test, the specimen was subjected to a compression test to evaluate its mechanical performance. We analyzed the critical impact energy that affected
mechanical performance. For the impact conditions that were tested, the compressive strength and elastic modulus of the polyurethane foam can be
degraded significantly.

1. M =2 ol& flall, Y3 ATEx st A EH e el fEe Fo

Al As 9 gE dSE 9% o ?ﬂ? [iaiacbeted

AR st Z8] 98l E(Glass fiber-reinforced polyurethane  Lee et al.(2015)2 A3 A7k b=l 874 =30 SA=
foam, RPUF)S A 22 o]fol7 AA Zg| g Zo fg]  StlA 39 ddo o5 A3 dHolge 71‘:&2?& 2= %
AHE AR BTG ol T4 TRE 23 Yk ol WFE KE FYL DD BF A% wA TS AL
3k n Az g ] Zg)$gE L U] AE A 2 3} THLee et al., 2015). Jeong and Cheon(2009)% Sherwood-
g Aol vig- Holuh FAHL B4 TEEo AgHw Yok Frost B P2 RRIY o] TV d4E BAAe

(Desai et al., 2000). tHEH O 2= E} A7t S EA(Liquefied  ©183t FE 24 Felvdg o 54 2 7AA As
natural gas cargo containment system, LNGCCS)oll 2853 9lo  EAF &S 7Hst9ithJeong and Cheon, 2009). Z2]-¢-2 &
o, HslHd ATl FEHe F3 16352 AstE HArtas A o AREH AF A5 7Y vt opye} Eeledd & 7
712F AR ok shal(Harris, 1993), ©] A YHo] HexE DY FEES] A= dFE 98l Lee and Lee(2014)= frelad i
T aAE TR QI GakE, AFHATRE Aeghel of  ASE FESEE T oA AR A B &Y 7 2Es
3 8l 2 BB 557 9 Ba UR fA9 gFs A8s] Asddrks sede] dXEe @d e 7x=9

Gl o3 fA 4 35S AL F Aolok WrhPark et al, A 3T 3 FAES BAL ol 7THS AASATHLee
2016a). W, BEHA7}2 SEFGo] vpzo] WAYSte] B = and Lee, 2014).

AL FAZE AFE FEETE, ol & Atd, I8 E4E et 59 Ae 2 AES owﬂ Zat7] 913 ks
MRS o long oo tig P2 kg FR g g o % 7IY olelel= st A% ? o] 8 & AT A
o] 433 293ttty & 4 ok 5 Bt AT =3 AT Park et al.(2016b)S A& Eof
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of A8He o8 F/Y W FY 4F ATl W8 2=
7} viX e FEE vATFRE FEate] A5 THPark et al.,
2016b). Denay et al.(2013)2 S 7oA Ze]-we 34
TEAAFAs gx BE 4F 2 8= skes 04?4 sls &
AollA ZEfdet F A%S B3 tHDenay et al, 2013).
U4 AFE dFe 44 35 3 Ass R % A% &
g Fo 44 HARH F0E 283 15 WY
E 45 H99 U%, 45 ¢ Ad A B4 =3 -
v} Q1th(Pellegrino et al, 2015). E3AaA]] H$ AouA| F4
(Low-energy impact)oll &3 2] #ao] E7Fs3d YR &4
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Table 1 Impact test condition

Impact velocity [m/s]  Strain rate [/s]  Impact energy [J/m’]

1.17 23.4 956
1.33 26.6 1,228
1.48 29.6 1,500

Table 2 Impact test scenario
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1 . - 0
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A 956 234 6

5 80

6 20

7 40

q 1,228 26.6 0
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11 40

b 1,500 296 0
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Table 3 Elastic modulus and compressive strength in accordance with the impact condition

Impact energy [J/m’] Strain rate [/s]

Repetitive number

Elastic modulus [MPa] Compressive strength [MPa]

- - - 39.8 1.28
956 234 80 394 1.22
20 38.7 1.25
40 36.4 1.24
1,228 26.6
60 36.4 1.25
80 34.8 1.27
20 28.7 1.18
40 25.2 1.18
1,500 29.6
60 23.7 1.19
80 22.1 1.22
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KEY WORDS: Brunt-Viisild frequency #3 Fulr(BHE-Hto]de} T34, Internal wave WH-3l, Stratification 4333}, Density
gradient layer 9% W53, Discrete density layer 9% WEZ

ABSTRACT: The sea is stratified with water that has different densities because of pressure, temperature, and salinity. When conducting studies
of internal waves in the ocean, the fluid is assumed to have layers that have discrete densities. This assumption is made because it is difficult to
achieve layers that exhibit gradual changes in the density of the water. In this study, we used previous studies on ocean waves and their radiation
issues in the density layer fluid to investigate the characteristics of internal waves in the ocean and their radiation patterns induced by a moving
body in a stratified fluid. We also studied the difference in wave radiation between the density gradient layer and the discrete density layer. We
found that the wave radiation patterns depended on the velocity of the moving body and the change in the density of the water. The crest apex shift
phenomenon was observed in the density gradient in the layer of fluid.

.M = of WA 3, 71 Aol AANA e vt} Byt
A Ark o] 2e s Ukl BAE YEFLi e al,

QutA o7 &4 Yo Wx=o] A5l W AAZA  1998)9} A EEE] 3 F(Alpers and La Violette, 1993) oA &
A== 35S Y5 K(Internal wave)Zh3 S} olgjdt Ry SHEUA RuEHATE g Wige BE Uk Zolrp 24 &
E oY 299 5% 5o TREEH, 2AF 124 & FAISAIAM 2] wiEel HdHe] Ao} dnkHow 1
2V, 24M7HS}F 2ol 71 718 7AW WE-ZA(Internal tide)o]  F717F FRI] Hlgte] AR da st w2 540
2} 33z, 2 (Coriolis force)oﬂ 93] YJElUE=E #8e5 F7) ATt ol EFo=Z I3, Y UM AP 2 A==
FARAFNHE 2= I UlE &4 IKInternal inertial wave)2k = AT} o) & Boln ARl o]yt Q3R o]
I3, B8 ZHe YRat % £ E(Soliton) FEje] s ol thE AAAR] A= obAZMA| s AlRA oItk I ol
< Y5313 3(Internal sohtary wave)Zhi St} mEdh AgFES € Y URuE AA g 2 UES FAEHEe R £
BHog zk= mES ZH|FRossby wave), 58 TE= F EIHSAY AYFE A A ASEE AL 78k
9g 29gog zn vZﬂ‘H—rOHH AnEs e Uy Hel efEigel 7] Wt
YKInternal gravity wave)2tal $+o}. A4 A=Fs T YHdE AR g8 1xFes +

Y FAY Hos U4E, 25 9% 5 thFsk 82l 235 W= B4 WSS (Discrete density layer) 2.2 714 3sl= WY
A Heu, ol Sl sk Wiele WEale] 2% faz T e AEF HAH R wWehs A4 " ES(Density
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gradient layer) 22 T83l= HHo] Atk EASG AESE F
2 ARFAS} SHERA HEVE AR OE oS RAR JPEE
o). Yeung and Nguyen(1999a)2 W=7t A2 T2 {33 Zo]
9 F FASANAM O™ F5E =&y, I AHE 58 A
Zolo] v], d=H|o w2 FAIEHS F A4 AAZ) Yeht

= 3o s AR
Ten and Kashiwagi(2004)= ©]5 frAlolA &538h= FiAl<9
WIAMEAIE A A& S MRSt E11 O AHE Al
3} vl w3kt 33, Keller and Munk(1970)= 4 Zo)o whak
W=7t ks A4 dEFdA S 3] FEE Bdshe
218 =&3h o)9t HlSgk 294 Sharman and Wurtele
(1983)= Al UlF-ol Yeh}= d5IK(Internal ship wave) &
< FXHo2 FHsty FW YEht= ¥5-IK(Surface ship
wave)9} Hluste] ZpolH-& AT Tunaley(2012, 2015)=
Ao dE AFst SAT o, A8k o] mE AN
JHHO 74]"}0}5’— BAE UEFH A& U=EZolA AT
A 52 54
JH He] EAS golry] fJal 2
WA B V)€ AT AFRES BAEGH 1A, EE

o]zl

ZIEAE HolA ¥ d=r oE F
PR 71N eSO A
A Fo2 FANETL o] Foix o]F Aol thel]l 1 skl

o|F FAE 7HHste A A ®HolA X*—l]'o}*— B
o A AAFANA Aofste Wi EAsty, E4HAA
S 53 2 FugollA AZ & J}—r(Wave number) 2 71 3Y

= F 7]—7<] 2=, & XUV} TE(EE= Barotropic 25)9 Ul
B3l R(EE Baroclinic BE)7F EA18HA] Hth(Yeung and
Nguyen, 1999b). w3 7 R ot EakaA A o] &5t
o, 2% QI3 n=¥ 54o] FAIT Fig. 12 7 }FRE
A8 EX& Uitk #H9 REoAE F Xduke] $4do]
2, FHIe] start yiiae Hls) o & E§4o] e Wi,
WHa mEoie 7 S5t 4=} 1805%0]a, W1k
oz} Agte| Blg] o Itk §4o] Ut wEbA olF
A WA EAL] 5ol oJF o] reid o, oA AF3H
T 7 SR E Rl &3 3 A4 E L dupgitt o]ek
22 Agae FA9 AeFarrt e o iR REvE ¢
Algk EA& io]“ WA, Faart 27F s Edy 2ov)
A A= < 7}A|3L JTtHMin and Koo, 2017).

]1

Surface wave

Surface wave

Internal wave

Internal wave

M,
(a) Barotropic mode (b) Baroclinic mode

Fig. 1 Characteristics of wave modes in two-layer fluid

7} Wil= Ao Eﬂ —r-l}—,—(Brunt Viisild frequency)7 3
g Faprdh 7‘@'73'01]/‘1 UEGSTE o FA A B
2 T AFHE o 98 kA

Z FHITHTurner, 1973).

A7 g NFHUE, g FUNSEE UEhH, ole} e
FARENA AR To] Faie thed e 20 WS
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V.

Fig. 2 Group velocity and phase velocity in density gradient layer
(Kundu et al., 2016)
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Fig. 7 Internal wave patterns in density gradient layer (U = 2
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ocean in conducting our research.

(a) We must acknowledge the fact that the life, security, health and welfare of the public have an absolute
reliance over our products such as structures, equipments and machines that are given thought to and made
into decision by engineers.

(b) We must not propose or approve research plans which cause harm to the public health and welfare.

(c) We must conform to the principle of sustainable use of ocean to enhance the quality of the public life and
endeavor to improve the ocean environment.

2. We promote professional development through performing proper research and provide young researchers with the

opportunities to develop professionally.

(a) As we build our career, we must continue to acquire new knowledge and promote intellectual development
by keeping track of research results, organizing research methods and raising necessary issues voluntarily.

(b) We must be thoroughly honest to the contributions from cooperators, competitors and predecessors and utilize
them for our professional development.

(c) We, as administrators, must supervise young researchers in a fair manner and, as their advisors, must assist
them sincerely to grow into socially recognized members.

3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

(a) When we offer service under our responsibility that involves providing professional knowledge, we must act
according to professionalism as a commissioner, trying to prevent waste of resources and reporting objective
facts, trustworthy data and accurate research results.

(b) We prohibit any fraudulent acts in conducting research such as fabrications, forgeries and plagiarism.

(c) We must admit our mistakes or errors when they are verified and must not try to justify them by distorting
facts or data.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

(a) We must not distort the professional, academical qualifications of ourselves and coworkers. We must not
fabricate or exaggerate our positions or authorities of the past achievements.

(b) Our papers must contain facts and no exaggeration that are contributed to media sources. When publishing
a paper or a report which involves multiple researchers, we must allocate authors based on their levels of
contributions and mention every person and institution that is concerned and provided assistance.

(¢) We must not criticise others' achievements in an irresponsible manner by intentionally distorting their
professional reputation, prospects and character in both direct and indirect ways.

(d) When a clash of interests occur, we must organize a committee composed of authoritative experts in the field
and fairly solve the problem based on objective facts and data.

5. We raise common issues only through objective and fair methods.
(a) We must be thoroughly objective and honest when submitting expert reports or policy proposals and include
relevant, sufficient and appropriate information.



(b) When addressing public issues through open debates or forums, we must provide opinions based on objective
facts and data and must not cause harm to the public interest by making groundless argument or being
involved in private interests with others.

(c) We must be honest when explaining our business and its advantages, and must not try to meet our interests
by damaging professional honor and coordination with coworkers.

6. All members of The Korean Society of Ocean Engineers must abide by the ethical codes of research stated

above.

. The Scope of Manuscript

L.

Manuscripts include papers, technical reports and commentaries, and papers must be the ones that are not released
in other journals.

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular

basis.

. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

research reports, diploma papers and academic articles, provided that their sources are stated according to the 3rd
clause of The Regulations on Paper Submission in The Journal of the Korean Society of Ocean Engineers.

. The Definitions and Types of Fraudulent Acts in Research

1.

“Fraudulent acts in research” include all affairs that violates ethical codes of research: fabrications, forgeries,
plagiarism, overlapping publications and unfair marking of writers which may occur in every phase of research
process, such as in a proposal, conducting, a report or presentation of research results.

. “Fabrication and forgeries” refers to an act of distorting the content or outcome of research by making up false

data or results.

. “Plagiarism” refers to an act of unfairly employing all research results, such as others' publications, research

proposals, ideas, hypotheses and theories, without a fair approval or quotation.

. “Overlapping publications” refers to two writings published in different media sources that are totally identical in

their contents or share the major contents. It is also the case of overlapping publication where the paper published
later contains a slightly different viewpoint, yet contains the same or slightly different analysis on the same data
from the previous paper.

. “Unfair marking of writers” refers to an act of unfairly gaining reputation by pretending to be a real author of

a paper without any participation in research.

. Fraudulent acts also include a behavior of intentionally disturbing investigations regarding assumed misconducts

in research or inflicting an injury on an informant.

. “Other fraudulent acts in research” refers to all affairs that are generally accepted as the violations to ethical

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

(a) Authors must submit a “consent form of delegation of copyright” which necessitates an author's confirmation
on any violations to ethical codes of research.

(b) When inspectors raise question on any violations to ethical codes of research, The Committee of Ethical
Codes of Research determines its/their compliance to the regulations after examining all materials concerned
and giving the contributor a chance to defend him/herself.

(c) When any violations to ethical codes of research are found while screening or editing (after the insertion of
a paper in an academic magazine), The Committee of Ethical Codes of Research determines its/their
compliance to the regulations after giving the contributor a chance to defend himv/herself.

(d) When any violations to ethical codes of research are called into question after a paper is published, The
Committee of Ethical Codes of Research determines its/their compliance to the regulations after giving the



contributor a chance to defend him/herself.
2. Processing Criteria
(a) All processing criteria regarding fraudulent acts in research follow the regulations and detailed rules for
operation of The Committee of Ethical Codes of Research of this society.

3. Processing Procedure
(a) When any affair is determined as a violation to the ethical codes of research in the phase of submission or
screening, The Editing Commission should report it to The Committee of Ethical Codes of Research.
(b) When any affair is determined as a violation to the ethical codes of research after the insertions of a paper
in an academic magazine, The Committee of Ethical Codes of Research should immediately cancel its

publication and notify the cancellation to the author/s

G. Ethical codes of Editing
1. The editor must a strong sense of ethics regarding the codes of conduct in research and in publication. Also,
he/she must not have any personal interests with others in the process of edition.
2. The editor must thoroughly keep security in all matters related to the contribution of manuscripts, screening and
publication.
3. The editor must be well-informed about the violations to ethical codes of research and make a neutral and

impersonal judgement when he/she found any violations.

Supplementary Provisions

1. Regulations stated above are enacted after 1 Nov. 2008. For the manuscripts contributed in academic magazines
before 1, Nov. 2008, the 3rd clause in “D” is not applied. Also, they are not interpreted as violations to the ethical
codes of research even if they did not stated their source in the journal of this society.

2. Also, for the papers applicable to the clause “D” or “E”, the writer/s can take measures such as ‘“cancellation of a
paper” based on their judgement, or “rejection of screening” if the paper is under screening.

1, Nov. 2008

The Korean Society of Ocean Engineers
[31, May 2007 enacted]

[1, Nov. 2008 amended]
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