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[ Original Research Article ] Journal of Ocean Engineering and Technology 32(5), 297-309 October, 2018
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Out-Of-Plane Bending Stiffnesses in Offshore Mooring Chain Links
Based on Conventional and Advanced Numerical Simulation Techniques

Joonmo Choung, Jae-bin Lee’ and Young Hun Kim®~

"Department of Naval Architecture and Ocean Engineering, Inha University, Incheon, Korea
“Department of Naval Architecture and Ocean System Engineering, Kyungnam University, Changwon, Korea

I/ A A 7S ol &R AR Al]l F=e] Hel w1 A

KEY WORDS: Out-of-plane bending moment %] 7% EWE, Tension load 172, Interlink angle 1E1% 3 7}, Tension angle <1787,
Hotspot stress =5 3-8, 3-link analysis 3-%3 7 314}, Multi-link analysis TH&-% 7 3j4]

ABSTRACT: After an accident involving mooring link failures in an offloading buoy, verification of the fatigue safety in terms of the out-of-plane
bending (OPB) and in-plane bending (IPB) moments has become a key engineering item in the design of various floating offshore units. The
mooring links for an 8 MW floating offshore wind turbine were selected for this study. To identify the OPB stiffness (OPB moment versus interlink
angle), a numerical simulation model, called the 3-link model, is usually composed of three successive chain links closest to the fairlead or chain
hawse. This paper introduces two numerical simulation techniques for the 3-link analyses. The conventional and advanced approaches are both based
on the prescribed rotation approach (PRA) and direct tension approach (DTA). Comparisons of the nominal stress distributions, OPB stiffniesses,
hotspot stress curves, and stress concentration curves are presented. The multiple link analyses used to identify the tension angle versus interlink
angle require the OPB stiffness data from the 3-link analyses. A convergence study was conducted to determine the minimum number of links for
a multi-link analysis. It was proven that 10 links were sufficient for the multi-link analysis. The tension angle versus interlink angle relations are
presented based on multi-link analyses with 10 links. It was found that the subsequent results varied significantly according to the 3-link analysis
techniques.

1. M =2 7} FHEAG o] AAl 2AY AF A P gk 1

2 A¥s Yt W w3 I2E Hrisiaoh =5 AY

Mol=g]Ftoll HAXE Girassol Y& 31 ZHPZ o] AR Ao B dF {3 84 S FISIATE =72~ AT P
&4 Alal o]Ze)| o] AF 5 £35t] OPB(Out-of-plane- AT ZAIE WIS E OPB A44& 4 & e d34e Al

bending) ZRIEZ} AF A¢1e] vk Aol v Hrhlean et ASFATHBY, 2014).
al., 2005; Melis et al., 2005; Rampi and Vargas, 2006). OPB A& F4 34s Bt E&37] flaliA B4 370

Lim et al(2010) ¥ Kim and Kim(2017)& @2 zto] vpd 74  FA2 745 2ol o5tk o]F & A7olM= 3-J = 3
% AA s 37, AAEe] I, P39 A A, 17 AoE HHITh gl dgd Ay A7ES 3-"HA Y F
3 3 247 OPB Aol v)X= Jake 2AEATE 2006 ©IAl OPB ERIES ZFAZ §EA77] 9ste] A W9
BE] 20139704 SBM Offshore= 4:9] “Chain out of plane  (Prescribed rotation)& 2}-8-5t3itt. A wfjel 7]Hkek 3-J=
bending” JIP(Joint industry project)E $3te] Th OPB B SIAME A& S wESEE AWMA JAs5 HHs] 14
AT AFNZ AANSHUTHRampi et al., 2016a; Rampi et al, 3 5 AHA Foll AFHH A HAE £AF o= Fofs}
2016b). ©] JIPE F3lo] Thksk A3 AT L 2] g4 A7 = Holth & dyelMe o

w
%
b
o
[
:(g‘
1
flo
2
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(Prescribed rotation approach)2} g}

HHA, 3R F 30l OPB %172} (Tension angle)S 7= A%
(Tension load)S 213 Fosh= 7ol ARo] A=A
(Choung and Han, 2016a; Choung and Han, 2016b; Choung and
Lee, 2018). ¥ dAFolAl= o]gt 3-8 3 a4"§-& DTA(Direct
tension approach)2} W™t} 152 DTAZ} PRAR T dAHRI
OPB RHIES} S e 5 e Wyolgkar F4sk3ith

3-83 el ot I35 -3 (Hotspot stress)@ UE|HA
ZH(interlink angle)®] TAI= A4d IS TS 5 Uk #yl
ol 3-1J A 34 ox 82 OPB 73/3(OPB EHIES} JIEH
= ZY(Interlink angle)®] AL OPB U343 JAE|P=a Zte
BAE THE] A% B2 1A H(Multi-link  analysis) 2]
4 HolB 2 AR webA 3-" A a4 Aot 53 A3
o MAlE Y ¢ sttt

B AFoAs sMwe 2 s F9 TRV et al,
2018)°ll 34 AF 107mm A7 F27F AHHAES A5 7
At WX uta Mg YL Aoltk. FIHA - AW
(PRA B! DTA)Ol W& Ha FLF 38 FuHE vlud 2o
T} 3 PRA, DTA, BV 71| =8RRI(BY, 2014)9 w2 OPB %
4, =5 &4, 183 59 JF AFE Had ot te-
B2 sl Ak F=20) e 3] AT FHEE sl
Z&E Zoltk. 3-F =L a4l ¥ OPB < tha-% = 3l
Aol Agate] AAZIHH A ZH& AAE Zlo|th

2. OPB 24 7|4t 3! m|Z osffA] HXt

2.1 OPB ZHIE A 7|7

dF ZRFol HEH = ZE AF F3E At BACA A
A} &FE(Proof load) BI2EE AXIth AL sl HA 9d st
Z(Minimum breaking load, MBL)2] 70%& &-8-3CHDNYV, 2010).
ol9} o] TL AL FFOZ QI AF AU PI Alol9
HEH 24 WEgo] Bt Faz)E] FF Wo] Hoizl
oh HolXl HE WAL A F &8 DAYA OPB EHIEE
e dlo] Ak 9 Aug #HPE Fig 1] B npeh 2
o] 4TARE BER/RE F Utk ol= FHAF 35 DA|(Proof load
step), AL A3+ DA|(Proof unload step), 172 THA|(Tension
load step), OPB ZHIE THA|(OPB moment step)©]T}.

OPB A 7175 AdH3lr] $Jske] 3709] H2E Fig 20 =
2gstdtt. FA #12 AAel 7 7k B30, HojgE
(Fairlead) == A9l & 2(Chain hawse)ol] 2J3te] &3] F45

Manufacturing stage Operation stage -

e ® o -

/ 3

>

OPB moment step

Proof load step

Fig. 1 Four load steps of chain link (Choung and Lee, 2018)

Proof unload step  Tension load step

horizontal plane

Fig. 2 Schematic of three links for OPB / IPB moment mechanism
(Choung and Lee, 2018)

Aoty 79 P2 #E OPB ZHEES A dshe #@doth
P #2° OPB BHEE H I #1373 A #3542] npz o] o5}
of It & W e B3 #19 npEHd osty A5
3, 3 #39 Yt Fsksol VeliAlE HFRE FE 5
ATE A= 79] JF R Awsh= FE°] OPB ERIES
ele g 2 ()P 2o] OPB RHIEES Ho|d = Ut} o714
ap,E 98E 19 IS, o, = B3 #HF FI #0Ae]9
QIERE A ZHA WA JIERa 7)), 12 JFE(F )] Holo]
. DTAE ©]2|$ OPB EHIE A 7|75 Fdst=s /s
WRgelth

‘/uz() = TLSin(aTu - aintul) (1)

‘/u(: = ‘]l/[ro + TLSin(O/To - aintol) (2)

Fig. 20 Bl nle} o] 3 33 gl A4H(7)s F
g & 73A 3l o|gk e 2wl E(Reaction moment, M )E
FrEAl7]E o] PRACITE WHY RHIEE= OPB RHIEC]
8 AROIEE 2 9] 5 FTHA F2 TT FAEHVE
o 2 QA 7' HA #39 F BAS 7] 1AE o),
o 8 AFE 779 JABAE omFith

ok N

2.2 OPBE 112{$l U|= s{& Hit

Choung and Lee(2018)= 3-H = | X(Fig. 3(a) IS T3
A A B39 OPB H=E & oS HAE A ASHATHFig.
4 Fx). o] Azte] A HAlE ATHE fMES Tt AF
Ao A3k 1Y 2 1gZe] AAE dlolEE FR3k=
Zolth AAE HolHE nigoz Ay W QAzhe] gk
D Highs FRITE A A A 1 E HAES AR

TR 2 TEvt 3-33 M S Fste] IEEa 7
of w2 =5 SH(Hotspot stress)= 2%} B4 Aol 589
& FF YO E F3Ith Fig 404 =@k A2 3-8 3
A g ge-"d3 s Ee gt JEH A el mE =
2 23S Fig 59 33902 =438tk A7 o, B
Ul 33 8(In-plane bending, IPB) A4+, 3} HAl j= JFH A
=
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. d:intS
Chain not affected />
by OPB/IPB /
MOPB(T, int5)@f
MIPB(T, int4 N Qe
MoPB(T, int3)
MopB(T, Aint1) - ‘ Nt
Fairlead
(a) 3-link model (b) multi-link model(BV, 2014)
Fig. 3 3-link and multi-link analysis models
Hydrodynamic time response
analysis
+
. . Interpolated
Line tension process max. principal stress process
. ar. “i‘ ad an() e () at T(6). ar, (£). and ary(£)
Tension variable ranges Stress range
(Trmin- Trmax> @Tomin» XTomax+ by rainflow cycle
ATimin: ATimax) counting Ao, (t)
Nonlinear FEA for
T; + AT, (@r,); + Aar,. and S-N data and Miner rule
(ar); + Aay;
Max. principal stress (o) ;
at each T; + AT, (ar,); + — Fatigue damage
Aag,, and (@) ; + Aag
Fig. 4 Flowchart for OPB moment-induced fatigue damage prediction (Choung and Lee, 2018)
§1000.0' - Tension load EIOOO'O
) = 0P, | 2
«\ i || O.SP,,,M 7 i
é 800.0 =3 03Py § 800.0
2 mm 0.1P,, ey
% 600.0 §_ 600.0
- -
= 400.04 = 400.0-
2 &
2 2
&£ 200.04 & 200.0
< ~——
= 00 R ——
5. 34) 5-4-3-2-101234S5
opg 22410 01 S OPB Interlink Angle (deg.)
Meerjp Ap 234 5 473 -%e\'\'\“\‘h
le (deg ) \VB\“
Fig. 5 Response surface of hotspot stresses as function of OPB- and IPB-interlink angles (Choung and Lee, 2018)
3-8A A4S Bote 4L w5 Y2 AEYI o] Ao OPB S 228 @49 3 Ao g A3 3-

o]7] W&ol tOF-#a S B3k Ae|H A 43} AAzto)
BAZE =23 D ar} Yot Fig 3(b)oll Bel uie} o] BA4F 4=
7N ol HIE EFIIEFE UF-H I 34 mdS YA
Z} g4 Alolof MY AZH QAF w3k, 3-F = &4
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3-link analysis

|
L] L

Tinto — Mo

l

multi-link analysis

Tinto — Ot

Aro — Ot

Fig. 6 Flowchart for relationship of hotspot stress-interlink angle
using 3-link analysis and multi-link analysis

ol5 =9 OPB @9 AG(2)E U] i8S =&}
= Wol AAIEY SIThBY, 2014). ZEv =3 A HoA &
g JF Alge I8y == ABHIEZ A Zhol i uid
FAE RojFug vy &8 AT AlTE drsA 4= 3

AR 23 g2 Aol opn

Contact condition

L

Coupling elements

Table 1 Information for nominal size D107 chain link

Item Value
Nominal diameter D [mm] 107.00
Material grade R4

Proof load P, 7,790.40
Minimum breaking load P, [kN] 11,118.00
Axial stiffness K&, [kN] 9.78E5
Elastic modulus £, [GPa] 206.00 [kN]
Nominal yield strength 5, [MPa] 581.63
Nominal tensile strength .5, [MPa] 860.01
Strength coefficient A [MPa] 1313.41
Work hardening exponent n 0.14

et 3-33 314 2o B 1A 8.4(Solid element) E T35
o, §oldt HZ 2o 7Y FA ¥W §H EEL Fl5td
A 84 FH = 8 Q4 (Membrane element)E ZE T}

3-F3 s HA # Fa 432 o] oz gy g
< AHEETE Fig. 19014 B nke} o] AL sk 28, A
a5 Alst 28, 48 ~5le o] do] WEF shgolBng
593 AA 1o FEHAG OPB EHIE AFjd= HEo)
ZAA z70] H-gHojof Fit}. 3-7 = Aol HEHE FA =
A % a5 218 AEste Table 19 A|ABHATE

Tension load(T)

=

Prescribed rotation
ar, for My,

\ Symmetry about x=—0.5L plane ‘

v

Reference node

(a) PRA

Contact condition ‘

‘ Couplingrelemems ‘

Tension load(T)

s

; ¥
: 4;+a
, To

: ‘ Symmetry about y=0 plane ‘

Symmetry about x= —0.5L plane ‘

| Reference node

(b) DTA
Fig. 7 Comparison of boundary and loading conditions (Choung and Lee, 2018)
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Nominal OPB moment distribution

= — 1 = =
g : 2) == Miro
= SE —
(a) PRA
Nominal OPB moment distribution
Torsionally W\D\[\;\,\
restrained l T
-/ | o +ar,
| ol 1
1 N\ 1 b
] \Z

(b) DTA
Fig. 8 Illustration of OPB moment distribution in the PRA and DTA (Choung and Lee, 2018)

Fig. 7)o 223l ule}l o] DTAAE HA #39) Azhe
M4 E S1AE S JlEle] OPB RHIES §24)7Itk. vk, PRA
o] OPB EHIEE A 3|-e) ostd BAE7] wliel, o]+
AR FRE A OPB EHE A 7|72 57| ofHrt

B3 @A OPB EHIE EZZ o]43}slo] Fig 8ol AAl
StAtt. ARl AFAAA ZA s)Ho] 2HeE = ] Wil
OPB EYIE= Fig. 8(b)¢t 2ol #x& Zlo|th. 13} PRAE
243 7% Fig. 8(a)¢} 2o OPB EHEY} Ex3it) o|&dk
OlfFZ DTAE ¥4 FAKS OPB RHIE v 7|18 7IX &
Zlo|t}.

174 A AL Y3 89 = H=x 4
(Reference node)oll F-oJElct, ojuf QA= == 744 2 WHAE
B Ao ALatr] AAste] 9] #AE% (Kinematic coupling) &=
= 3% AZ Y (Distributing coupling)©] Z&F ). 315 AZH L

L
T

L

P #39] = A Ho] HHEE FAI5HA XAl ol A%
A =tk WY ASHE AHEE A 49 Al 283 opB =R
E 2Hlo] A&EHE Fx AT T5 1A Aol T54
(Dependency)©] A2 t}27] W&, 314 =F 2d-& WA=
1= x| &4 7ol 27 th Choung and Han(2016a)<}
Choung and Han(2016b)= A3 35 ~®le] W9, 38, "I E
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Table 2 Summary of the number of elements.

Element Type Number of element

C3D8I 60,000
M3D4R 8,000

Displacement coupling 1
Sum 68,001
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Table 3 Applied load and boundary conditions in the DTA (Choung and Lee, 2018)

Condition Load step
Proof load Proof unload Tension load OPB moment

Symmetry at z= 0.5Z plane va va va J
Symmetry at y= 0 plane va va va

Symmetry at z= 0 plane va va va J

u, = u, =0 at z= 0.5L plane J
Proof load P, va

Pure tension Ve

Oblique tension with «,, for DTA Prescribed rotation for PRA va
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Tensile Stress
Compressive Stress

Tensile Stress
Compressive Stress

A .t A

Mid-cross section : A-A Mid-cross section : A-A

(b) in the middle of OPB moment step based on DTA(q;,,,;=1.5°)

i

(a) at the end of tension load step

Tensile Stress
Compressive Stress

o A
Mid-cross section : A-A
(c) in the middle of OPB moment step based on PRA(«,,,,=1.5°)

i

Fig. 10 Tensile and compressive stress distributions in mid-span section of the link #2 (Lee et al, 2018)
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(a) iso view
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(b) y-view

(c) z-view

Fig. 12 Hotspot locations in link #2 (Choung and Lee, 2018)
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Heat Transfer Characteristics of Bulkhead Penetration Piece for
A60 Class Compartment I: Transient Thermal

Woo-Chang Park,, Chang Yong Song™ and Ok-Gyun Na”~

‘Department of Naval Architecture and Ocean Engineering, Mokpo National University, Jeonnam, Korea
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AT T8 A g AN BEE Bl IAF B4 T
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KEY WORDS: Ship and offshore plant fire accident A%} 2 S|YFZFHE 3}A] AlaL A60 class compartment A60H T-2|, Bulkhead
penetration piece A9 #5 ¥, Transient heat transfer analysis % A2 34, Penetration piece design &% A7

ABSTRACT: In order to protect lives and prevent large-scale injuries in the event of a fire on a ship or an offshore plant, most classification
societies are strengthening their fire resistance designs of relevant cargo holds and accommodation compartments to keep flames from being transferred
from a fire point to other compartments. Particularly in critical compartments, where flames should not propagate for a certain period of time, such
as the A60 class division, both the airtightness and fire-resistant design of a piece passing through a bulkhead are subject to the Safety of Life at
Sea Convention (SOLAS) issued by the International Maritime Organization (IMO). In order to verify the suitability of a fire-resistant design for
such a penetrating piece, the fire test procedure prescribed by the Maritime Safety Committee (MSC) must be carried out. However, a numerical
simulation should first be conducted to minimize the time and cost of the fire resistance test. In this study, transient thermal analyses based on the
finite element method were applied to investigate the heat transfer characteristics of a bulkhead penetration piece for the A60 class compartment. In
order to determine a rational bulkhead penetration piece design, the transient heat transfer characteristics according to the variation of design
parameters such as the diameter, length, and material were reviewed. The verification of the design specification based on a numerical analysis of the
transient heat transfer performed in this study will be discussed in the following research paper for the actual fire protection test of the A60 class
bulkhead penetration piece.

1. M =2 7} b7 T+ (Safety of Life at Sea Convention, SOLAS)o|A] ¢

TAISEL Utk olH 3 Ac0T AH - ol thE W} *474]
dutolu} S FEFMNES] A WA A QIH-E BEstal thE o] S AF] SlaiA= AR Y3 (Maritime Safety
&2} Alp 2] S ux|5ly] Y3 iR AFoM= 34 Committee, MSC)OA A3 SR A H XK Fire test procedure,
o] Wl x| Mo 2 HE] ThE 7o 7 sldo] APHA Y2 7 FIP)ol Wt AldS saslof shAIk, U3t Aol 285 A
A9 eI M 5o Fo T OF Wl A FAL A WSS HASsP] ffs) Al i FAs A HETL
Zslala itk B3] AT T o] YA B9k o] AdE Fart ok Ak Bl S|GERE BopollA el &
W] %] ekofol = Z a3k T o= AuS BESY A4 Azl o] A7} 3o 231 YT} Barletta et al.(2008)S
He B T3 o1 BAje) 71U} wE AAS 24 s AT A 2edA ] Sk vl glo] ol tis] Eke] =9}
7]7+(International Maritime Organization, IMO)ol|A] 23 &= & TR 27 EEM FA3] ¢ 2= EEehs A5 d
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(1) “A-0” Class (2) “A-15", “A-30", “A-60” Class

N

—— steel penetration piece
Division —»| / tmm ’«f le— Division

/

ol Y )

‘\ /" 1
fe—L—s «—L— bipe f— L+ e—L—
~J —
A St
steel sleeve
Division —»| / f mm \ le— ¢ +—» le—— Division

b :%' '9
7

o1 1| e —L
L, mm (in.) Ly mm (in.) t mm (in.)
All sizes 450 (17.7) 450 (17.7) 3.0 (0.12)
Fig. 1 Bulkhead penetration piece for “A” class divisions (ABS, 2018)
K1-Type o K2- XFe
(Passing type-One nut) (Passing type-*wo nut)

100 *

i i For general
To be applied on tank top & In void space (Weatﬁer fight) Unit: mm

(a) standard design drawing

(b) 3-D concept model

Fig. 2 A60 class bulkhead penetration piece design
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No.

Part Name

Main Dimension

Material Type

1, 4
2

Penetration Piece
Penetration Piece
Penetration Piece
Penetration Piece
Penetration Piece
Penetration Piece
Bulkhead Plate
Bulkhead Stiffener
Sealing
Mounting Plate
A60 Fire Insulation

# 18 Socket / (¢ 8 Tube)
18 Socket / ( 8 Tube)
18 Socket / ( #8 Tube)
#»25 Socket / (¢ 12 Tube)
$25 Socket / (¢ 12 Tube)
#25 Socket / (¢ 12 Tube)
2420 x 2480 x 4.5 t
65 x 65 x 6t
100 x 4.5 x 2420 L
80 x 80 x 45t
60t/ 90t

SUS316L / SUS316L
S45C / Brass
S45C / S45C

SUS316L / SUS316L
S45C / Brass
S45C / S45C

Mild Steel
Mild Steel
Mild Steel
Mild Steel
Spray S
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200mm

Fig. 5 Design parameter for socket length

350mm

pasodxaup
pasodxy

500mm

Table 2 Design parameter matrix for transient heat transfer analysis

Case No. Tube size Tube material Socket size Socket material Piece type Socket length [mm]
Case 1 $8 SuUS316L #18 SUS316L Cutting type 200 350 500
Case 2 #8 Brass ?18 S45C Cutting type 200 350 500
Case 3 $8 S45C #18 S45C Cutting type 200 350 500
Case 4 $8 SUS316L #18 SUS316L Passing type 200 350 500
Case 5 $8 S45C #18 S45C Passing type 200 350 500
Case 6 $12 SUS316L $25 SUS316L Cutting type 200 350 500
Case 7 12 Brass $25 S45C Cutting type 200 350 500
Case 8 $12 S45C $25 S45C Cutting type 200 350 500
Case 9 $12 SUS316L $25 SUS316L Passing type 200 350 500
Case 10 $12 S45C $25 S45C Passing type 200 350 500

Fig. 6 Finite element model for socket length 200 mm
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Fig. 7 Thermal conductivity(left) and specific heat(right) for parts of bulkhead penetration piece
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Table 3 Temperature measuring results from transient heat transfer analysis

Temperature [C]

Case No. Measuring point No: Remark
Socket length : 200 mm Socket length : 350 mm Socket length : 500 mm
1-1 (socket) 144.5 143.5 143.3 OK
1-2 (socket) 144.4 143.4 143.3 OK
Case 1
1-3 (tube) 31.9 31.8 31.8 OK
1-4 (tube) 320 319 319 OK
Case 2 i ) i .
2-3 (tube) 169.7 167.2 166.4 OK
2-4 (tube) 169.7 167.2 166.4 OK
3-1 (socket) 210.2 209.4 208.9 Fail
3-2 (socket) 210.2 209.4 208.9 Fail
Case 3
3-3 (tube) 84.5 84.2 84.0 OK
3-4 (tube) 84.5 84.2 84.1 OK
Case 4 ) ) ) ]
4-3 (tube) 102.3 98.1 97.8 OK
4-4 (tube) 102.3 98.1 97.8 OK
5-1 (socket) 213.9 208.0 204.8 Fail
5-2 (socket) 213.8 208.0 204.8 Fail
Case 5
5-3 (tube) 81.2 79.3 78.3 OK
5-4 (tube) 81.2 79.3 78.3 OK
6-1 (socket) 165.8 163.4 163.2 OK
6-2 (socket) 165.8 163.5 163.2 OK
Case 6
6-3 (tube) 35.2 35.0 34.9 OK
6-4 (tube) 35.1 34.8 34.8 OK
Case 7 ) ) ) ) .
7-3 (tube) 186.4 181.9 180.3 Fail
7-4 (tube) 186.4 181.8 180.2 Fail
8-1 (socket) 230.9 228.6 227.5 Fail
8-2 (socket) 231.0 228.6 227.5 Fail
Case 8
8-3 (tube) 93.0 92.2 91.8 OK
8-4 (tube) 92.8 92.0 91.6 OK
Case 9 ) ) ) )
9-3 (tube) 108.7 104.5 104.2 OK
9-4 (tube) 108.7 104.5 104.2 OK
10-1 (socket) 2325 226.0 222.6 Fail
10-2 (socket) 2325 226.0 222.6 Fail
Case 10
10-3 (tube) 87.7 85.5 84.5 OK
10-4 (tube) 87.6 85.5 84.4 OK

fEH o2 &A7A40] 200mmol] Hef|A F= FALGHHSE & 263CE el o, sdxEH0A= 885C 2 YERIT Table
3 60R 1Y F AHe] e RE AFE Fig 119 EASITE 33} Fig. 10~119014 YEhd Hle} o] 4719 Zo)r} dojd42
Fig. 119] el mie} o] n3ldEHo e o) 25  H3d:EHoA Y L REX7]} tha Yolxx|ul Y7} &4
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Contour Plot
Grid Temperatures(Scalar value)
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Fig. 11 Temperature distribution contour results
Table 4 Productivity rating for bulkhead penetration piece
Grade
Item Very bad Bad Normal Good Very good
1 v 10

Work requirement time
Damage frequency during work process
Work convenience
Maintenance between work process

A/S frequency
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Fig. 12 Design parameter effects on cost and productivity
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ABSTRACT: It is known that damages to the subsea cables used for electric power transmission between islands and countries, including renewable
energy from offshore wind power, current, tides, etc., cost much to restore, which causes social and economic losses. Various types of fishing rigs and
anchors have been reported to be the greatest hazards to subsea cables. It is possible to design and construct a suitable protection facility for a subsea
cable by precisely estimating the underwater behavior of such hazardous apparatuses. In this study, numerical simulations of the underwater behaviors
of various hazardous apparatuses were carried out using fluid-structure interaction (FSI) analysis as a basic study to simulate the actual behavior
phenomena of hazardous apparatuses in relation to a subsea cable. In addition, the underwater drop characteristics according to the types of hazardous
apparatuses were compared. In order to verify the accuracy of the FSI analysis method used in this study, we compared the test results for
underwater drops of a steel ball bearing. Stock anchors, stockless anchors, and rocket piles, which were actually reported to be the cases of damage
to subsea cables along the southwest coast of Korea, were considered as the hazardous apparatuses for the numerical simulations. Each hazardous
apparatus was generated by a Lagrangian model and coupled with the fluid domain idealized by the Eulerian equation to construct the
three-dimensional FSI analysis model. The accuracy of the numerical simulation results was verified by comparing them with the analytical solutions,
and the underwater drop characteristics according to the types of hazard apparatuses were compared.
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Fig. 2 Underwater free falling test scheme for bearing steel ball (Kim, 2015)
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Fig. 4 FSI analysis results for underwater free fall distance of bearing steel ball
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Fig. 10 Velocity contour results for underwater depth of stockless anchor
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Table 2 Comparison of terminal underwater drop velocity

Hazard Underwater drop velocity [m/s] Difference ratio
apparatuses FSI analysis Theory (%]
Stock anchor 5.25 545 3.8

Stockless anchor 6.19 6.24 0.8
Rocket pile 12.8 13.8 7.8
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Study on Efficient Time Domain Fatigue Analysis of
Mooring Chain by Representative Mean Position
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ABSTRACT: This paper addresses the concept of the representative mean position, which was devised to improve the numerical efficiency of a time
domain fatigue analysis of a mooring chain. To investigate the influence of an artificial offset of the floater on the fatigue of the mooring chain, a
parametric study was performed on the moored FPSO under various combinations of offsets and environmental conditions. Tension time histories
were calculated using the de-coupled analysis method, and fatique damages were calculated to determine the influence of the offset. The parametric
study was extended to a more realistic case to determine the actual effect of the representative mean position, where a comparison was made between
the two different analysis results, one using the representative mean position and the other one using the actual mean position. It was confirmed that
the application of the representative mean position guaranteed the conservatism of the fatique damage with the enhanced numerical efficiency in the
time domain fatigue analysis.
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GM [m] 3.862
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Table 2 Dimension of mooring line composition

Type 152 mm R4S Studless
Length [m] 40
Top chain MBL intact [kN] 22363
MBL full corroded [kN] 16592
Weight in air [kg/m] 462
Type 108 mm Spiral strand
. Length [m] 1967~2000
Wire rope
MBL [kN] 12814
Weight in air [kg/m] 61.3
Type 127 mm R3 Studless
Ground Length [m] 855
chain MBL* intact [KN] 12171
Weight in air [kg/m] 323

* : Maximum Breaking Load
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Table 3 Wave bin and representative value

Hs Tp Heading
Range RV Range RV Range RV
-1 05 0~3 1.5 337.5~22.5 0

3~6 4.5 22.5~67.5 45

6~9 7.5 67.5~112.5 90

1~2 1.5 9~12 10.5 112.5~157.5 135
12~15 13.5 157.5~202.5 180

15~18 16.5 202.5~247.5 225

2~3 2.5 18~21 19.5 247.5~292.5 270
21~24 225 292.5~337.5 315
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Table 4 Calculated fatigue damage

Representative Actual
mean position mean position
Fatigue damage 7.76E-06 3.95E-06
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Experimental Study of VIV Characteristics of
Free Hanging PVC Pipe under Forced Oscillation Conditions

Yong-Ju Kwon, DongHo Jung®™, Byeong-Won Park, Jae-Hwan Jung and Seunghoon Oh’
"Korea Research Institute of Ships and Ocean Engineering, KRISO, Daejeon, Korea

BANAZANA A58 WA PVC ol
JFR71E B4 BT A AP

A8 - AT - upy
sl e B

KEY WORDS: VIV(Vortex-induced vibration) characteristics $}+171%1'8 543, Experimental study A3, Forced oscillation 7+4|7}F
%, Environmental loads #7335}, Riser #}¢]#]

ABSTRACT: A series of model tests was carried out to investigate the vortex-induced vibration (VIV) characteristics of a free hanging PVC pipe
under forced oscillation conditions. The prescribed displacement with a period and amplitude was forced at the top of the riser. The motion of the
riser along its length was measured with underwater cameras in three dimensions. The top-excited responses in the inline direction and
vortex-induced vibration in the cross-flow direction were examined in the time and frequency domains. Multi-peak frequencies in the VIV were
demonstrated to be strongly dependent upon the Keulegan-Carpenter number, corresponding with the results of Blevin. It was found that the
Reynolds numbers (excitation period) was a critical parameter for the dominant VIV characteristics, even under the condition of using the same
Keulegan-Carpenter number, under the top-excited condition. In the resonance at the nth natural frequency by the forced-motion induced VIV
frequency, the riser responded with a large amplitude and forced frequency, dominantly in the VIV CF direction.

1. M = IFF7Ik AR ghe B AT
Carpenter number)©ll4 VIVell 2Jgh 713

]9 28 KC F(Keulegan-
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r>4 2
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Fig. 1 Description of the PVC pipe [Jung et al., 2018]

Table 2 Modal periods of the PVC pipe

Mode Modal period [s]
Mode 1 4.08
Mode 2 0.67
Mode 3 0.24
Mode 4 0.12
15 -1 1.5
02F e
s |
2 |
=
504
s |
3
s
o6
(]
s |
e |
<
0.8
1L H.lml..l.‘l SN
Fig. 2 Mode shapes of model riser
207 AFFA Wgd o= Fus FHAT FAL
Aol solel SERAL AYE) Aof TAAA L
FRFReH, 12 AFF7I8 22k AFFVIE A7 40839
0.67% o|t}. Table 2= ¥ 2 o] %471% Rejzr) 1HF
e A% 2doE Ausgon, AFtele BYe we
@ BlAF ASE AT Fig 28 B A sz B

=343 veel 37t ASE v AAE BHoE

s

22 J1X=A
HRTZE T BolAe] Jure] AHH spaYe



Experimental Study of VIV Characteristics of Free Hanging PVC Pipe under Forced Oscillation Conditions

Table 3 Forced oscillation conditions

Test ID Amp. [mm] Oscillation period [s]
001 10.0
002 6.0
003 4.209
40
004 1.834
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Table 5 Comparison of VIV frequency according to excitation conditions under same KC number

Excitation periods [s] 10.0 6.0 4.209
Velocities in max [cnv/s] 2.5 42 6.0
Reynold number 3233 5389 768.2
Calculated VIV freq. [Hz] 0.35 0.58 0.83
Measured dominant VIV freq. [Hz] 0.4 0.5 0.83
Differences [%)] 13 16 0
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Movable-Bed Modeling Law for Beach Response Experiments
Using Equilibrium Beach Profile Formula
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ABSTRACT: The construction of large scale harbor structures at Maengbang beach, which is located on the eastern coast of Korea, is of great
concern because it may cause disastrous beach erosion in the vicinity. Therefore, a hydraulic model experiment was conducted to examine the
morphological changes after such construction. The water depth was scaled using the method of Van Rijn (2010), which is a well-known scale law,
but the results appeared to be overestimated. The present study developed a new scale law that applies an equilibrium beach profile formula to scale
the model evolution to the prototype scale. When compared with survey data observed at Maengbang beach, the proposed method showed better
agreement than the method of Van Rijn (2010).
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Table 1 Classification of beach profile modeling Laws

Author Geometric Distortion Hydrodynamic time scale (77) Morphological time scale (t)

Vellinga (1982) ny, =nl )7 np=/n, n =ny

Hughes (1983) n, =2/l np=mn/ v, n=n,

Wang and Wang (1990) n, =n?"n}’> np=n/\/n, n, = g

n —ni/5n4/5
Wang et al.(1994) S, ny=n n,=nj
Van Rijn(2010) ny, = niin) " ny=/n, n, = (n, )0
n = prototype to model scale ratio H = incident wave height

I = horizontal length scale
h = vertical length scale
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Table 2 Scale factor in relation to median size
Summary of Recommended A Values [Unit of A4 Parameter are m'’]
D [mm] 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.1 0.063 0.0672 0.0714 0.0756 0.0798 0.0840 0.0872 0.0904 0.0936 0.0968
0.2 0.100 0.1030 0.1060 0.1090 0.1120 0.1150 0.1170 0.1190 0.1210 0.1230
0.3 0.125 0.1270 0.1290 0.1310 0.1330 0.1350 0.1370 0.1390 0.1410 0.1430
04 0.145 0.1466 0.1482 0.1498 0.1514 0.1530 0.1546 0.1562 0.1578 0.1594
0.5 0.161 0.1622 0.1634 0.1646 0.1658 0.1670 0.1682 0.1694 0.1706 0.1718
0.6 0.173 0.1742 0.1754 0.1766 0.1778 0.1790 0.1802 0.1814 0.1826 0.1838
0.7 0.185 0.1859 0.1868 0.1877 0.1886 0.1895 0.1904 0.1913 0.1922 0.1931
0.8 0.194 0.1948 0.1956 0.1964 0.1972 0.1980 0.1988 0.1966 0.2004 0.2012
0.9 0.202 0.2028 0.2036 0.2044 0.2052 0.2060 0.2068 0.2076 0.2084 0.2092
1.0 0.210 0.2108 0.2116 0.2124 0.2132 0.2140 0.2148 0.2156 0.2164 0.2172
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Fig. 5 Object area of hydrauhc model experiment (4.0 km x 2.8 km)
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ABSTRACT: The present study analyzed the variation factors in inducing a salinity change using the existing observation network in the section
between the Nakdong River Estuary Barrage and Changnyeong-Haman Weir, and also examined the seasonal changes in precipitation, salinity, and
discharge. Furthermore, this study analyzed the causes of a salinity increase by collecting observational data during a period when abnormal salinity
occurred, and further investigated the salinity transfer time in a section of approximately 5.3 km from the Nakdong River Estuary Barrage to
Nakdong River Bridge to understand the behavioral characteristics of the salinity moving upstream. The study results would make it possible to
control the increase in salinity and block salt water from moving upstream by understanding the salinity variation characteristics according to the
discharge amount. This will provide stability in collecting water from various residential, agricultural, and industrial sources through water intake
facilities scattered near the Nakdong River Estuary Barrage.

Ae A4 5 Y A5l e 2len] AR 2el, %
PabAEle] A% B 9 5 - FYESE o851 9

=i
=
HEAE WS Fdiol sk Sele Aol ool Tk BFVE 2dsle] AR ATOE Hard A Aol ®

o} Y542 daiE WEAY nEY FHo A 2o o] A} TASHA Hol o] £ 71 05psus 2 A B¢
fEom, To wel Y5t Ak ﬁ%%OI WAt oy AEEFY FHol BAVE DAEHM, AsAH] FA 150km’
TASo] FAHUE G5 sl 19873 1196l F22® T oF ookm’el]l DItE WA e U vt Aok =T,
Y7} 250 9x3)] o, =g %—ggi R LS HS ATE 03psus 29T F$- A5 FHE
A8 FAL gol U F7AQ AVl A5E u£d v o FH ARG FHA G Ayt BAsA Aok whebA
2 Zol e YA R o] gEo] gtk AN EE FE & W AUENA WRE T dER] e AT ot
9 4% 2 5 U -9 F HRF 5o 8o s Uk
of 25 Fi o) 24 Bao) BF WART Ak JEt 4t AddelFel S sreldel S e o
Y27 S5 - gekn s melHed, A4 2 R bE 4R 540 did AFE o] JHA olfl
S, FA AEA HAFA, BFHSE, 9535 2 Bk ofsl A9 ol FolAA] @ Aotk

Received 23 August 2018, revised 6 October 2018, accepted 18 October 2018
Corresponding author Jong-Sung Yoon: +82-55-320-3434, civyunjs@inje.ac.kr ORCID: http://orcid.org/0000-0002-2382-530X

(© 2018, The Korean Society of Ocean Engineers
This is an open access article distributed under the terms of the creative commons attribution non-commercial license (http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

361


http://orcid.org/0000-0002-2382-530X
http://orcid.org/0000-0002-2382-530X

362 Tae-Woo Kim et al.

o]
i
ol

G557 3 E AR 8BS Aofs] st =
7t el UK AS 457 & sk g &
H 2 19.593%7HA] 723 (Yoon et al., 2008), 2014%
2ol oJEtH s Yo E QS YFIY o

o B JE HFTRT} oF 25% o|3tE "ol A & 3
o AXIF ZFAAolA A TR HTAHAL T2 Fjrt LAY
3k A7} UTHKNN, 2018). E3E 48 7o) da3l 2 A9
of Yoz FY=EE B 2 FAAke] ik edEZY A -
HA 5o g 3t e 47 s9xP e |spt veRd

o 4

i

r
A o T

Al 71E BF AR BAE Bl W e die] As B4

& T ot Je AR ARHY, B dAolA A - e

B BRSS9, 35 9 28R 5 U 85 ARE B4
3t dEo A W 545 gotstax gk
2 oie| ok W BA W

G54 s e 2HWHEe ¢F SMSL(Standard mean

sea level) -0.5~1.4mZ 3+F 23] 7t - wkxr} @AY= 345

+ Fig. 13} Zo] SMSL +0.69m~1.19moll A &3t =
= @4stal ok SMSL2 Skl Ao sl (Mean sea
level, MSL)& UEhl= Ao=2 Ak 19| ek, BWAAH
9] MSLET} 0.18m STHK-water, 2006).

Fresh Seawater
water

SMSL 1.19m

.||<]

* SMSL 0.89m(H.W.0S.T)

SMSL 0.75m

« SMSL0.18m(MS.L)

¢ SMSL -0.52m(LW.OS.T)

Hadan, Myeongji Standard

1

SMSL -6.00m

Fig. 1 Operation water level(Nakdong river estuary barrage)

Water depth

Difference of Water
Depth
(20cm)

|
Pown-stream water lev

Gate operation time | Gate operation time | Time
—

H 8hours H 8hours H

Fig. 2 Water gate operation by water level

8t Fig. 28} 2ol st=9 4 - 8k
20cm ©JHY A FHlFES RS H
A5g Aot thK-water, 2008).

A G857 eEe A AFE A EHE 4G A o]
F 5 R 29 2 A e FEE4t B dF

2
ol
£

B, 20169 19 967 shEEelA fYE 9T ARE
agste] FUEre) A4 FUE AR} Aok mebA A1E
B2 QEE AT AAE BAS] ARE doo Uoe
slobg W ez} Qlor, I Aol WE Tl Weke nielstel
A% YAS Husor drka Bk

AT PPOZ J1E BEYE ol g3le] AW YR WE
Qo Th ABEA BHS FYSGOR, ol AR
A2 BAS ST =, SES0IH YT A5 4R
oF 53kmel 1T FEFIAA 298 HOE Ve A7)
BEolEE BAal] e A L AT 54L B
ssic.

3. AlEo| E g8 Hs EY
R =

2} Qo] AT Fe AR HRFS &
o] Mol 7 & Yo E AeE) 20159 1€ ~ 20179 629
AME Hg IRFS 243 A3 A9 49 <F 258.5m’s, 51
oF 300.9m’s, A1 oF 292.5mYs, SA F 125.9m’/sZ LERSTH

wE R 9y WAV e A ARE A9 7kt
7 YA FRst BT BRG] AdE HE
S FA oF 127.6mmhr, A F 124 7mm/hr, FA <k
167.5mm/hr, A °F 50.7mm/hr2 YERTE

Table 191 2015d 1€ ~ 20173 6¥<] AXEE HHF WFF
B s Aty et

G54 A dEE B4 Ao Her)e A A A
AX <F 0.3psu ol3tE YEGoH, AU 0.4psus GA Ee= A
o2 Ugpyth a8y s E R 29 48 2 s W -
o] F9)ak, A - AkHe] R S wep gAFe=m
0.8psuE Z=Ish= A97F SAs= Aoz Yehytt

M)
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Spring 258.5 127.6
Summer 300.9 124.7

Fall 292.5 167.5
Winter 125.9 50.7
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ABSTRACT: Plywood is one of the important materials in LNG cargo containment systems, and, due to the characteristics of the wood, its
properties vary greatly depending on the humidity conditions in the storage facility. Due to the distribution environment of plywood, there is a high
probability of long-term exposure to the domestic seasonal environment. Considering an environment in which the humidity changes greatly according
to the seasons in Korea and the characteristics of the wood, it is necessary to acquire data on changes in the characteristics of the plywood for
accurate quality control. In this study, the moisture content of plywood was determined experimentally to reflect the seasonal environmental
conditions of shipyards in Korea. A noticeable change in the thermal conductivity was confirmed experimentally.
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Table 2 Final moisture content of each case

Humidity [RH, %]  Thickness [mm]  Moisture content [%]
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Table 3 The thermal conductivity of plywood (9t)

Thermal conductivity

Temperature [C] [W/(m-K)] Difference [%)
RH30% RH70%
-160 0.0564 0.0594 5.32
-80 0.0867 0.0929 7.07
20 0.1209 0.1300 7.56

Table 4 The thermal conductivity of plywood (12t)

Thermal Conductivity

Temperature [C] [W/(m=K)] Difference [%)]
RH30% RH70%
-160 0.0606 0.0638 5.34
-80 0.0916 0.0972 6.12
20 0.1228 0.1314 7.03%
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KEY WORDS: LNG carrier 43} 47k 25H4, Boil-off gas(BOG) 52712, Re-liquefaction system A 2|3}A| 8l Process design 374
A, Process optimization 34 33}, Optimal design 3% A4

ABSTRACT: High-pressure gas injection engines (HPGI) took center stage in LNG carrier propulsion systems after their advent. The HPGI engine
system can be easily modified to include a re-liquefaction system by adding several devices, which can significantly increase the economic feasibility
of the total system. This paper suggests the optimal operating conditions and capacity for a re-liquefaction system for an LNG carrier, which can
minimize increases in the total annualized cost. The installation of a re-liquefaction system can save 0.23 million USD per year when the cost of
LNG is 5 USD/Mscf. A sensitivity analysis with different LNG costs showed that the re-liquefaction system is profitable when the LNG cost is
higher than 3.5 USD/Mscf.

7|&MH Ap : Pressure drop, 4 733} [bar]
p : Density, Y= [kg/m’]
C : Cost, H]-& [$]
; : Interest rate, ©]AH& [%)] 1. A‘| =
IT4C : Increment of total annual cost, %G1 F7FE [$/yr]

I7CI : Increment of total capital investment, A F7H- [$/yr] 2 AA7}2(Natural gas, NG)] 8= v 2 31742 24
ITOC : Increment of total operating cost, =% H] S7HE [$/yr] o] ol T2 A Az vlste 7k Z7bska 9ItHExxon
LHY : Lower heating value, 4|9/ [ki/ke] Mobil, 2016). ] EIA(U.S. Energy Information Administration) NG
Lv ¢ Liquid level, 4%} [%] o) 487} 20409l 2012 TiH] F 70%7} 1 Ao o=
1 Service life of LNG vessels, 18 418 [yr] SITHUS.EIA, 2016). T3 H Huke B3 NG &% oA 92
Ppw : Power, =9 [kW] 31 ITHIGU, 2016).

p : Pressure [bar] HAA7 o] &8 A o] ZeflF} Auke o] &3 5o
SFoc : Specific fuel oil consumption [kJ/kWh] AAzoz olgET 9o A £40 A AA 2 o
7 ¢ Temperature [K] =2 435 Tt FIE oF 600Wl 7HF =% HFH AT~
74C - Total annualized cost [$/yr] (Liquefied natural gas, LNG)2] He|Z2 Hulg 3] F55H= A
USD : United States dollar o] Qukz o|THWilliams and Simonds, 1968; Raj et al., 2016). 3}
y : Volume [m’] A NGE A FHlz &F3h7] flsiMe AFEa WiEs
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Fetell Al oF -160°C ol3te] A& AElR A of 3=t £
F2RE A2 FAEE I8 100% S 4= 7)ol o]
2 A3 &% Fol LING7} L3l =9, o|FA St 7k
£ BOG(Boil-off gas)2} FFHDimopoulos and Frangopoulos, 2008;
Rao et al, 2016).
o]gA 1A% BOGE A5 AE(ING)Q] d¥-o)7] wlEo] o
7] BE3hE AL AR £4R olojXA FHER, BOGE A
oz AEslr] Y& 7R Alxglo] qgkEo] Sith AW
A= BT BOGE 98 E &R o) kA A4
9] U= Qlste] A B BOG AHFS ASE AL
F gl7ldl 22 BOGE 9l elofF stEE BOGEA 9 A=
A5 okt FiAle ¥z Ju) Alo]EFE o]g3led
BOGE LNGZ dslsh= WHoltt. 3hA|RE Aukel Ak 33t
2 A3} dnje] BxH] 2 2Yn] ZAE Q) AgH o=t
Zgo] Ha th Al Hxe Wu) Alo)F lo] EE&
'35 53 WS olgste] BOGE AA|ZoZ AriAjH s}
(Self re-liquefaction) 3= *Holth o= HW=e] YulE o] &3t
FHA e HIste] @7 EE AHRI7F Fol=s Aol 9l
S}, BOGE AF- ANgetA] Fate] AJ=dksl= BOGE 1
H=7] &F 9 HE F7He A7 Aok
HT 1 At BAF ARl 542 ING 2Hbd ] A
3} Alz"lel] & WstE 2 ITE LNG 292 19601 d ol 2=
W& F7 A 2"lo g A3 o) 9F 30%2] W
A BEANE EFata, 'BAYS BOGE 9858 &8% + 9
= AHo=R g 2#: 73 ABEJATHGomez et al,, 2013).
20003t Z%E Dual fuel diesel electric(DFDE) 21zlo] ~ElEj
Az AT ol 2”ER Azl vlE| =2 AXEE
Zka JA71el Hoh 842 FRANHE F5E Aok
7o) A THFernandez et al, 2016). 12u} LNGF5419)
o] Z71gel wel A3 BOG BRFE A8E &35
ol & Aglo] WAEte] 724 ZhA| 2~Bl(Gas combustion unit,
£ 53l zte] BOGE AZelokste #A|-o] o3| &
oRARTE HZT ST 1Y AV BAF IS 39k AAvk
25 ASE A3l AY Z2IHE FEshe oR
DFDE <izlo] vl3] dxlagoe] Hold B, FA=H" Ul
Foll AZ717F dAIEN] o] dudrier AEer] 5 2 7HA
o] F7EE Fall AASA 'S FES 5 QU
HT B 1 HAvke B4 Azl =907 ¥4 BOG Al
At el ik AL o] R glovt, T HF MA
gk A7 obF] Bo| o]FoA] X34t Adamkiewicz and
Cydejko(2016)= B2 INGFEA1ol vl3] & Q-Aflex type<]
ING-ZHH o] GA == AYSPA 28] F2o] BE oUA] &
2E BX3T}E Tan et al.(2016)S oA E]E ARESle] ING &
i AJASFA 2B ] oUA] £A8E Y F e WS At
At Yoo et al(2015)2 RIS ARG A A3} Al2~Fl9
Exergyw-2< T3} Romero et al.(2012) Brayton cycles
53 ING2HHA o] Al HspA|25le] %7 H A sl tigk A
= 433t} Beladjine et al.(2016)2 | F IS A& 2|
shErgde] 4oty A4S Sk 1y ol2fg A A+
E2 YA 2EE Fole W Ui A7 ¢ oFdmE

AREE A A stel] thEE A7 F2 o] Fo1x 2, BOGE °l&

e o

F A ASIA| 28l Adnl o] A8 EH(Design capacity)oll thgh A7+
7} BE3Th A ASIA 28-S At aA s A9 HE AA
Lo AHo] Fasith 1Y A7k A X0 AR
BOGe| %2 @z we} wsleln g, Asidn]rt Ag
she &% 94 3 = w2t mslgith o E59 LNGY|
Aol A7) F2UA A FHE 9
e BOGE 4£XEHHA oz o]
& Adsaly] fEiAe & 8%
ol 27| A Aes
2 AAg dug Ak 4%, FAH
718} Zro] AL o442 BOGY} TS = A$ BOGE £
Ho| WA HEZR, ole Aste] &L omditt wahA
AAstA 2El o] HH HAE QA= Y3} dnle] & =
78] HAsle} FAlol|, &3 AL wBd A &5k HF
3} A7 st

B AFolxe AAstA 2Ele] HA &8 A 7E S
o] W 1 HAVFA BAF ddRe] A% BOG %ol wet 57F
A AHZ TES F, 38 BA H HHSE Tt AAu] #
AR E Haslshe HA A 8% 2 HA HFE = 2

o] A28 HAE Ak

o

b gk A7k FAF <l

2 od
—o
1
o,
9‘1'4
rir
td
rln
o]
Q
(@]

2. HjHo|=

21 ZHY "ot 22

B AFolAe YA 2glo] AXHR]| &ghs W& 7E 3
& B, o]of] thnldte] AYSIA|2ElS HR]G 9o B}
H] Z7H(Increment of total capital investment, ITCH3} 74| -
7He(Increment of total operating cost, ITOC)& Al4FIATE 1]
I o]F A7MEo= kst FATM]8 F7HE (Increment of
total annualized cost, ITAC)= =Z35}] A7IA|HSIA| 28-S X
st STk E £ 8-S Wrlstanh B 2 u] AL

© 2= Turton®] WHES A2} THTurton et al., 2013).

A TR 4 flste] A ()l wet 2 AA(E7],
71, W27, 27N e Fulul-&(Purchase cost, )& T4
H, A ol w2} 2H8E 238¢ 7|2 &9] H]-8(Bare module
cost, Cp, )= AL, 2] (3)oll whet duiH] & =85 33

TR CppE ARSI

o

logy, C;? =K, + K, log,, A+ K; (log,, A)* M
Cour = C;;”X(Bl + B Fy, FP) #)
Cry = L18X Cpy, 3
K. K, K 7k A0S T 24 A%

A 7F ) puln] 4 vhel g

B, B : 2 9o N 24 S

Fp, Fy o 48 2 A4 A

B Aol ARSI AT 8] S T
Al FRRIC)E ARFIA SPOmE, Ao)shAzwe]
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AX =2 82 LNG 28 9] A5ZFAI2H EAHE 4
o] 7]E(Base) AtElE g H, AYstA|2=Hlo] HAH 7é
7HES 2] (4)&} 2ol ARt ITCrE 3418kt 54
AT = WYy fiste] 2 (5)9F 2ol WFdFE 20
(Abdussamie et al., 2016), ] &S 10%= 7t o‘i%’\_
A F7HRUTCH S =E3H3TH

23
o

m**
4 fu A o o

17CI= 35 C, TMp, -3¢ TM,, @

ATCI= ITCIx (i ®)

BRIV ERE
= S WEHE T AR, 49
FIEIH, B, A AlEeR g, e, Qe
g Yo] AT o] w Ae5A el
& o]

STHITOC)S 2 (D 2ol

TOC=0.18TCI+1.23(Cpy,+ Cpppt Cpp) +2.73C,, (©6)

ITOC= TOCy, ., — TOG,,,, @)

WHAElE LNG €4 H]&
R LZ7HE(ITAC)S T3]

kA TE ATCIS}Y ITOCY) 235
< st o 4 (8)9F o] FA
Fi=g

ITAC= ATCI+ ITOCH Cy v s ®)

22 zX5 Ld2|E
2 dFdAMeE HHZ ¢aglFoE SNOBFit(Stable noisy
optimization by branch and fit)< X €15}%] THHuyer and Neumaier,
2008). ol= ZF 73t HkEvie AT Ae] HEol AAEH
(Branch) o BHE.0 2 Solrh QAHE Fol=(Fiy) el ¢
o2 AITTE AR Wil SAES WE AL 2
37} oA mErh= A gtk =3 ddE HE S5 YReE A
o HARH R, dF= A HAHE Zer AREHE B

Ao HAHol WEHE Ae N 5 Ak

ILNG 79| 28 42 5 U748 ok Table 13} 2o] 7435}
Atk INGE AAT Adel(Laden)ol XS] HHEEE 15.5kts
(28.706km/h), 3+ & Eo} 2 E=(Ballast) FENOIA Q] Htd4 e
12.5kts(23.15knvh) 2 7} 38393, A3 (Loading)@ 314 (Unloading)
of 2} 1ol A™tha 7Pt g ol Hksh] $1ste
dl713k= s dl”7](Unloading wating) A|ZFS.Z SH+F 0.5 0] A
g 714, ©1& E3 e Cycleol 32¢€¢] d2lH 1ol & 113
gsl= EA-S 74383 thDimopoulos and Frangopoulos, 2008).

Ho

Table 1 Voyage schedule

Operating Type Time [day]
Loading 1
Voyage (laden, 15.5 kts (28.706 km/h)) 13
Unloading waiting 0.5
Unloading 1
Voyage (ballast, 12.5 kts (23.15 km/h)) 16.5
Total 32
Number of cycle per year 11
Table 2 LNG composition
Type Mole Fraction [%)]
Nitrogen 0.37
Methane 95.89
Ethane 2.96
Propane 0.72
Butane 0.06
Total 100

Table 3 LNG composition fitness test

Itmes This study Acceptance
Non-methane hydrocarbons (C2+) [mol%]  3.74 OK
Inerts (N2+CO2) [mol%] 0.37 OK
Wobbe index [MJ/ m’] 512 OK
Gross calorific value [MJ/ m’] 38.95 OK
Methane number [mol%)] 95.89 OK

LNG®] Z4-2 Table 29} o] 7143l THAspelund et al,
2009).

LNG & 3} European commission®l| 4] |
AlBk= 7]1¥(Kavalov et al., 2009)°l we} A3 oJF AZFS 2
3 1 A3} Table 337 Zo] AGsHS ST

LNG A H3IA 28 BARS st A-f318tA oA 7)1t
AA fFaEAdol AFE v 3 BAF AZESo]] ASPEN
HYSYS v7.3& ARESIITE & dAFolAe 7H e estaadl
LNGE o’ de7t obd 1%k, 542 23714 =93 ste=x
o3t g3}l A33l Al 42] Peng-Robinsons €38} TAL
WA 02 ARSI ING 24 9] RN 25l Y5 e
FE 55 A% gA-A7] o]FASE AN (Dual fual diesel-electric,
DFDE)# 119F A7k BARIK O E T4 T Fig. 12 A
3t 2=Hlo] gl 7399 LNG 35 % BOG A 2] A28l A<
St 2"lo] FEE A9 Al~EE BARRE FAEolth Fig
L@ Azt FH0] §l= 492, BOGE 453t DFDE <7l
o ask Adzks ZAF Rl FEshAl Aok whef e
FE3 1% FE BOG7E FAskE A9 1T 45 § 7hA7A
2~El(Gas combustion unit, GCU)= 53l £ZrHET), & 79|
2750l A o FuFel Ad WS BOGRIe 2E F-=

Bel APH A% 9
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GCU

Main
engine

BOG  [Multi-stage T
compression

Multi-stage
compressiol

LNG pump HP vaporizer

@

Main
engine

Multi-stage Multi-stage
compressiol compressio
GCU
_|ne g 2 @/’

LNG pump HP vaporizer
(b)

Fig. 1 PFD of BOG handling and LNG supply system (a) without re-liquefaction system and (b) with re-liquefaction system

dro= F
%i et
ﬂ’ﬂoi 2

St 7 &

OH oﬂz.]]é. §]
of|A A Ay
Q. Ql— oLz

Foto] ARz AAstal, WA 714

3 BOGSH A H dushr| =2 i

oH %Zwﬂb} 1—“? %El 15
o] 74
719] A 52 Y3} A2 o] HX|EA]
Z7FHA "ok 14 3ol 8759 BOG ¥
A4E AAFAN2="E 7F5sA ¥, ING ?JE%
LNGE & ¥ 71sl8te zle = Fg3hA =t

DFDENZI 9] 712 35 432 11.6bar(1.16MPa)(Wartsila, 2016),
28 HAZE A A9 7k FF 2 300bar(30MPa) =
714319 THMAN Diesel & Turbo, 2014; MAN Diesel & Turbo,
2017). A8 dEAdshe 1Y el oF 23%E sk, A
3bar(0 3MPa)E @A ZETh 7HYSHATH A2 LNG ¥ BOG

£ FAFstkEE AvlY AL 25 2HUe]: 22E(Stainless

steel)i 71389 tHKim et al., 2008). 7FEE 4=7] 2 A Y35}
An] A4 Aol ARE ol Table 49+ 2tk

ING A#8 = Uloll A BOG HA S ARe o] Fu(p), o
(L), BHEEE(p), TLE&(V)9 FFE the 2 (99 2ol F
2k 4= ok AR H3 170,000m’, 95%2] A9, 437.9
kgm’ A=, 0.1%/day%3HE(Shin et al., 2008; Jeong et al., 2017)°]

Table 4 Equipment specification

Type Material [barpénll\;I’Pa)] [barR (MPa)]
Compressor ~reciprocating ~ SS* 1 (0.1) 300 (30)
Cooler shell & tube SS A 1 2~3 % of inlet P
Cooling water 2 (0.2) 1.5 (0.15)
HEX PCHE** SS 99 (9.9) 98 (9.8)
sparaor S0 R qetiction e

*SS : Stainless steel
**PCHE : Printed circuit heat exchanger

YA FAETL 7 EE A9 AlIRTE BOG A EF of
2946.7kg/h = FAEZ 5 ot AR 87 FF-2 A ZH(Pw)
2 A8 AR %K Specific fuel 011 consumption, SFOC), N7 ZE(L),
BOGS| APELHLHY )& 71F02 4 (10)37} 2] F4bFssith

BOG=V-L, -p-Vy ©)

P, - SFOC-L

Fuel consumption = THV (10)

DFDESNZ12] 73-$- Warsila 8L34DF(Zt] &9
71RO R 50% FohE 7HESIR A, o] g ARt AR
oF 620kg/h 9 TH Wartsila, 2016). 22 2o 119k HAV}
AFIZ-S Man Diesel & TurboAle] 5G70E(H T &8
12500kW) 21 S 7150 2 19k HA7F2 Bl Azle] &

S AlxkelE o (Man Diesel & Turbo, 2014; Man Diesel &
Turbo, 2017), F4F A3} &H&Ho| WE A8 AE L Table 5
of ERAATE.

AN BlA| 28l o] AHA 83 Design capacity)> HAh ek B

Fe] BOGE Azt Z1A w}a‘r AR HH, ol 7]Eol
+ A S8 Uy b= Utk 4 £ njat F
Y A7k BAF dRDo] & 0]’: BOG -f#°] ¥s}st
, ol we} A B} Aj 'l A A st oF k= T (Excess)
BOGS] &l Wslshr] wiZeo|th B AFeA+ 12.5-15.5kts
(23.15-34.262km/h)7HA] A& 7HE(AA Ao obd AA &3
< AA37] Ag ¥ 3t ol what 57| Akl tiEfA
3% BOGOl A DFDENZI# 119} A7k~ &AL dXe] a7
FE AL &, AAStA 2~Elo] X okshs # BOGE] ¥
A7 8O =2 Table 59 2ol 5714 AHZ U-FSth

o] A%, 78E 4 Al EE HASE BOGEATFE o
Table 69F 2Tk LNG A3 9 819 Foll= T4 712450l BOG
AHEg27t QAEER H5o] &4o] WAstR]| PF=th Al
1, 2, 39 7% AAspA|2Ele] HAGFo] F83| 7] wjEol
15.5kts(28.706km/h) 0] 3] 48 08 9-84l= 49 DFDE 9 1L
& HAZF= BAL ARl FFEte GRS A9 92 BE

3}9) BOGE AT o] Fsstnz, 3o £io]

: 4000kW) 2th
=

[
g rlo

i

AT A%

=

)
g
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Table 5 Re-liquefaction system capacity

Chulmin Hwang and Youngsub Lim

Design Voyage velocity Engine load Main consumption Excess BOG Design capacity of BOG
case no. [kts (km/h)] [%] [kg/h] [kg/h] reliquefaction system [kg/h]
Case 1 12.5 (23.15) 18 571 1756 1756
Case 2 14 (25.928) 29 920 1407 1407
Case 3 15.5 (28.706) 40 1269 1058 1058
Case 4 17 (31.484) 51 1617 709 709
Case 5 18.5 (34.262) 65 2062 265 265
Table 6 BOG loss in each design case
Operating type Time [day] BOG loss [kg/h]
Case 1 Case 2 Case 3 Case 4 Case 5
Loading 1 No loss (terminal handling)
Voyage (laden, avg 15.5 kts (28.706 km/h)) 13 N/L N/L N/L 349 793
Unloading waiting 0.5 571 920 1269 1617 2062
Unloading 1 No loss (terminal handling)
Voyage (ballast, avg 12.5 kts (23.15 knvh)) 16.5 No loss

AELA] =tk AH 4, 52] Z$olls BOG A A3hA ~Elo] HA1
o] 15.5kts (28.706 km/h) =3A] HAYSHE Y BOGH Hl3]
A Fowmz 23 o= ING £40] Bt stdthr] A
= 2% 3R AEH7E obd tiZIdElR & 4 S B2 DFDE
FHE A3t BAYshE BOGE 25 AN3L A gs|ok 5}
Al g oo zE A3yt Erlssiez

2t AH HE AAE AA 89S VIS0 ITACE FHAs)E
A W HAH3E St 4 s AdsE o
BOG Al=gHge] AdA o8 F3FS v|X & JT(Joule-Thompson)
W3 el dndkE BOG 25N IT 33 3 dEpoz 2
Aotk B = ™Y A AdskE INGZF B AR

rr

Table 7 Optimum point at each case (LNG cost : $2/Mscf)

2 FdE7] HEliA e ARt =2 ¥o] 87 ERE 2.5bar
(250kPayE 3HEHd o R AASP oM, 259 4 dudtr]dl
A HALETHZZ(Minimum temperature  zpproach) S $]9l| 3}k
A BEF AgEdE FAUTE 3= SNOBFit ¥d18ES
MATLABC 2 T8, HYSYS®} 23t a3t oyt &
< LNG 7142 W-go] Aol w2} ING 714 #ste] mh& ¥l
=g B3

4. =xist Zot W BHA

-

ol

Zy A 8 HAHE U2 Table 7-99F 2t} A HSpA| 2HS
B F7HEOl ofd AYSA 2R fFo] mE FATME
(Total annual cost, TAC)®l| thg+ A4t 85 T3l LNG 7144
ME AL M-S Il

A3} 8 A HAo A dYe BE AblolA kel

case Pressure [bar (MPa)] Temp [K] Re-Liq. ratio TAC with Re-Lig. [M$] TAC w.o. Re-Liq. [M$]  ITAC [MS$]
Case 1 2.5 (0.25) 205.6 0.25 337 1.51 1.86
Case 2 2.5 (0.25) 194.5 0.38 241 1.51 0.90
Case 3 2.5 (0.25) 168.7 0.63 1.75 1.51 0.24
Case 4 2.5 (0.25) 153.6 0.75 1.61 1.51 0.10
Case 5 2.5 (0.25) 155 0.74 1.68 1.51 0.17

Table 8 Optimum point at each case (LNG cost : $5/Mscf)

case Pressure [bar (MPa)] Temp [K] Re-Lig. ratio TAC [MS] TAC w.o. Re-Liq. [M$] ITAC [MS$]
Case 1 2.5 (0.25) 205.6 0.25 3.38 2.00 1.38
Case 2 2.5 (0.25) 194.5 0.38 2.42 2.00 0.42
Case 3 2.5 (0.25) 168.7 0.63 1.77 2.00 -0.23
Case 4 2.5 (0.25) 153.6 0.75 1.78 2.00 -0.22
Case 5 2.5 (0.25) 155 0.74 2.05 2.00 0.05
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Table 9 Optimum point at each case (LNG cost : $8/Mscf)
case Pressure [bar (MPa)] Temp [K] Re-Lig. ratio TAC [MS] TAC w.o. Re-Liq. [M$]  Value [M$]
Case 1 2.5 (0.25) 205.6 0.25 3.39 2.49 0.90
Case 2 2.5 (0.25) 194.5 0.38 2.44 2.49 -0.05
Case 3 2.5 (0.25) 168.7 0.63 1.79 2.49 -0.70
Case 4 2.5 (0.25) 153.6 0.75 1.96 2.49 -0.53
Case 5 2.5 (0.25) 155 0.74 242 2.49 -0.07
25bar(0.25MPa)oll A AT, F-ES W1 TG o] v 25 T
245, & gUYHE] F4F BOGE] L ST, ol 20 . o A
AA &S S7HIA AFRE7INA BAsE dAl9] ol F E m BOG recovery
ek Bk 1 A At sE o Alesehs AAe) —TTAC O/
o] ZastH ol AAH AHle| A7|E HaAFE 4ol 5 10
ek w3 o] golu agdel ATy 9lstel BeHM 2 s
(Separator)2] FX|H7} F5ste] TPAHNA BE|St T HHA, 0.0
Fuldt Wzre=e] A dxol HAH o] AUt A Y3t
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Experimental Analysis of Boil-Off Gas Occurrence
in Independent Liquefied Gas Storage Tank

Seung-Joo Cha’, Jin-Ho Bae, Dong-Ha Lee, Tae-Wook 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: Independent type liquefied gas storage tank =83 H3}7}~ A8 A |, Boil-off gas 271817k, Cryogenic 541,
Liquid cargo 9§A|3}E, Thermal analysis &%}

ABSTRACT: With the tightening of environmental regulations (i.e., IMO Tier III), natural gas (NG) has been spotlighted as an eco-friendly fuel
with few air pollutants other than nitrogen oxides (NOx) and sulfur oxides (SOx). For reasons of economic efficiency, it is mainly stored and
transported in a liquid state at -163 °C, which is a cryogenic temperature, using a liquefied gas storage tank. Accordingly, it is necessary to reduce
the boil-off gas (BOG) occurrence due to the heat flow according to the temperature difference between the inside and outside of the storage tank.
Therefore, in this study, a BOG measurement test on an independent-type storage tank made up of SUS304L was carried out. The test results showed
the tendency for BOG occurrence according to the temperature under different filling ratios.

.M B &3 ok Bt
FAL dASES &5 A d8 7 |

IMO(International Maritime Organization)= WH3|, &3, v]=r o 9% ®a9 WHIHI(Membrane)EFY ¥ SHFL IM
o] YR F| e 2012 KE WE7}2: BATFAECA, Emission A, B, C typeo= EFF 5 JUTHIMO, 2010). FHE &=
control area) 483t ZHHFO, Heavy fuel oi) 2Tt 334  IMO A, B type B! 79 &= viitoll = A7t @Z]E]‘ﬂ
Fo] Ao HAHARE ALLIEE FASAT AutolA wE €24 skl A, A= T2 WAstA 221 W
HE A23ENOox)o el Tierll @AGA AAHYEA ¢ = 7HU B2 AA7137F2~BOG, Boil-off gas) #2447}
FHo 2% Ovl 75% 25 278 Terll 7AIE A3 Basith

EDJES

[‘_

w, & a7l x wlEHS 20153 7102 20209744 20%, o] 7 Bt} BT ®l3 o] 23 Fstal 7] wEel
2050 97bA] 50% &S EmE g ES AzAeE dux A 8 BTt &olsive ARE 7}J\‘4(Tamura et al., 2013).
F-E8AIASHEEDI, Energy efficiency demgn index)] thg 4  C type?] A5 WSkl ot o] 3 < 2=

S 253 Autre Az $83EE FAE Aslsls Seo 98V MEoE A0 =2 " iRyl oty
(Kim and Chun, 2014) 23 <4 @ziﬁ A7 s e HES BOG MEA7F BadkA] AR 31 a840] Ho

A% AupilE7Es 7)) HAH o2 AstEa gl A A & she tidAe] 4% A 8ol o9 £23U=
Aure] Fa odulE AU FAAR A ¥A c-f  ABRIA AHEHI HRASTHKIm et al, 2012).
2 A glon, o3 tulYog HAZFANG, Natural olul, &% FYY APtx AFRAE oY 5HI A3t

gas), Fa S} 7;% 2874 oA e thak BAle] Zois 9 = AR Bl iAo Rujn] 2] I, o=
o} olgj3 118 olUAE Lol 7A FElE EAE] f A &R 250 dxEEo] =obM BOG AFel H43] T
Bol RE&S w2sle] ABAA FAL 7)o ARsled  ZIETh wEbA diY S1HE Ashs AR A Bk o &
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8710l 371 WE7F X =, b2 A7] P (Pressure gauge)©ll
QA" WHE T3l LN, 7k27F FU€Th LN, 7F27) 98% 5
A2 o, AAS 98% =o)of] X3k Check Valved] 92 IS &
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Table 1 Dimensions of the experimental tank

Variables Value [mm]
Semi-diameter 200
Length 790
Thickness 3

Pressure

Gauge Check Valve Gate Valve

Minor Axis \/
—<

Semi-diameter ==

Thickness—{ [+

| Length

Tank Material
SUS304L

(@)

(b)
Fig. 1 (a) Schematic design of experimental tank; (b) Photograph

of experimental tank.

Table 2 Thermal properties of SUS304L (Peckner and Bernstein,

1977)
Item Value [kg]
Specific heat capacity [J/g-C] 0.500
Thermal conductivity [W/m-K] 14.0 ~ 16.3
Density [8.00 g/em’] 8.00
Table 3 Thermal properties of nitrogen (Rohsenow et al., 1985)
Temperature ~ Conductivity k&  Specific heat ¢, Density p
[C] [W/(m - K)] [J/(Kg - K)] [kg/m’]
-173 - - 808.3
-173 0.009 1038 1.250
-123 0.014 - -
-73 0.018 - -
27 27 - -

3 Z|3= Table 204 ERATE =5 Aol A2 258 74
Efo] A4 g AstE A E42]E Table 3014 YERASITE 4T
£ 8T AF, 7 257t ofd i 7= 255 A9
Ak 4= QITHLiang and Yuan, 2008). ]S 3l 943 43
33 S8l Fig. 2(d)e] S 84715 ol-&ste] SAL Aol
Al F2 AHSEE T-type G- H(Lebioda and Rymaszewski, 2015)
Flg 2(b)9} 2ol 339t 1813 DAQ(Data acquisition)<}
o] &3t AlZte] WE 2% HolHE HSSAT

_ilNr

v

l

8t

mlm



382 Seung-Joo Cha et al.

Fig. 4 Arrangement of attached thermocouple according to filling

nom T
it

[IITITTITRANINY

(d
Fig. 2 (a) Pressure gauge; (b) thermocouple; (c) DAQ(data acquisition);
(d) thermocouple welder

LN,o] 9 A&l thsl] LNG(Liquefied natural gas) 915
7k e ARSI S VA E ZERIRE AMEShe At of
gk A kA 71% IGF code(International code of safety for ships
using gases or other low-flashpoint fuels)oll A= A& B=.2] U
B SEFL 8% 7HA AAste] EF3itta Holstal lom,
olof wet & A= Lo Y HAAEES 98%=E AAst
SATHMSC, 2015).

BOG A& ZA43t7] 9% WHOZ Fig 304 EXo] &3
o] B4 AvT} 20% 5 HALE dHtE FEsiAh
T3 B30 bEe by 2 B E B3 UE gge] dA
SHAl frAstEeH, A3 A ¢E2 Shar2 fFASIRTE DAQE
53l St shs ARE PCAA 7HAIF R 528 5 )
th. Fig. 48} o] dxdE F33 gdas 78 95 g4
FFE A FEF UHH F7hol| v XSkt

Ny B e diol INE AATE 98%7HA 3 ol
< BOG AEol g Al 4% H A¥e FdA|R
(Kang et al,. 2018) ¥ A7-9] dlzol tisiAe dHd A7t

Filling Ratio
98% W

80% mm—-

LN, 60% w—

Data Cabinet @j‘

ratio on cylinder and semi-sphere

nase] N9 FURE 2 AAge] LAY AANE
dlolel & FE3ch

2.3 24 g1y

LN;& -192°Col Al EAEH, B3 WHE 79 & A 3479
257t Astdr) o2k & Ao 23 A7 d £
WA8L7] 2314 Cool downo]l E a3ttt o] B Foll C type
B9 - R LxE 213k SUS304LY EAE, LN9
FEALS} 22 E B WAUSZe] TS

IAYE 53 AZ =9 AA 4ol wet Fig 5004
ERd Fao] APAQ] JHE tholo] s B3t B8 A
B2 2213} THPark et al., 2014).

TSk B Ao A= Cool down FHA2 Zone 12, ©]%9] 314
2 Zone 22} Zone 3°.E Table 49} Zo] 73t} Cool down
AL 4733% 5 FAE A 0w A F=Hol =g AdElolA
APE st Agket 7 A& aBisle] HlolEE #4135}
AT

109" supercritical state

= 10+ liquid
& 5 S ———
E 1+ critical

o point

7 OIFsolid
5 0.01}-state

0.001~ gas
0.0001- 210°C | -146.96°C
L ! | |
-200 -100 0 100

Temperature [°C ]

Fig. 5 The typical temperature-pressure phase diagram for nitrogen
(Fracz et al., 2017)

Table 4 The division of zones

20% w-—

/ Measuring /
Monitoring PC

Fig. 3 Schematic view of experimental tank testing

mmm Thermocouple Protection Cable

Zone Period [sec] Temperature range [C]
Zone 1 0 - 4,733 30 ~ -193
Zone 2 4733 - 23,677 -193 ~ -94
Zone 3 4,733 - 30,908 -94 ~ 30
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Table 5 Measurement Variable of the test

Item Measurement variable
Inner pressure of the tank [bar] 5
LN, usage [kg] 120 x 2
Amount of vaporization 120 x 2
Overall experimental time 7 h 30 min

External temperature(Average)[C] 25
Relative humidity [%)] 83.4

50

&
S

Temperature(°C)

Filling Ratio
20%

383

A A3 NS EYF oﬂz‘z}ﬂz: A7Fe) 0] 98% HA F
ZF 715HE0S we] AIREE 7AIRE 30%elth o] Ao
?‘& B4 8- ool JAIE] 71Estnh

a".:rzi_\l

(1) BOG Aol w2 A Zo] ¥ 2% Tu| B4

25 Tl 24 ARRE A9 oF 8AITF 3002 LN7F M EF
s A7 ooz sk 7 AR &ollHe] HALEY
g E24 JelE RIsIth Table 6014 B U Eold
g3l dEHL IN,9 AT AAUYEY o2 R

o ALehe 3AS nlAaste] HA GEAAE Z FFS 1|
XA Zotth AAGHEH E YR 25 8w 3 % A3,
Cool down &, 98% =°]d|A2] HA 25+ ¢F 94°CE ¢4H-2

5 Azl wet 2UAVGEE AoEn wEbA o] A e LN,
= 1A dAVE FESE Aol dd X0 =2 Al
7157 Ashs PREo2 TSkt olol wheEt 20%, 40%,
60%, 80% =olollA =23 el dAde & F ATk
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Table 7 Vaporization time by filling ratio

Filling ratio 20% 40% 60 % 80 % 98 %

Evaporation time

23,677 21,090
[sec]

17,514 15467 4,733
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ABSTRACT: It is necessary to predict hydrodynamic derivatives when assessing the maneuverability of a submarine. The force and moment acting
on the vehicle may affect its motion in various modes. Conventionally, the derivatives are determined by performing captive model tests in a towing
tank or applying a system identification method to the free running model test. However, a computational fluid dynamics (CFD) method has also
become a possible tool to predict the hydrodynamics. In this study, virtual captive model tests for a full-scale submarine were conducted by utilizing
a Reynolds-averaged Navier-Stokes solver in ANSYS FLUENT version 18.2. The simulations were carried out at design speed for various modes of
motion such as straight forward, drift, angle of attack, deflection of the rudder, circular, and combined motion. The hydrodynamic force and moment
acting on the submarine appended rudders and stern stabilizers were then obtained. Finally, hydrodynamic derivatives were determined, and these

could be used for evaluating the maneuvering characteristics of the submarine in a further study.

1. Introduction

Maneuverability is one of the most important performances of a
marine vehicle which plays a vital key in the safety of navigation
and efficient service. Unlike the floating vehicle, the submarine must
be controlled in the six degrees of freedom. Hence, the configuration
of control surfaces is also more complex to meet the demand of its
controllability. Therefore, assessment of maneuverability of the
submarine with control surfaces is required as well. In order to evaluate
the maneuvering characteristics at the design stage, it is necessary to
predict hydrodynamic force and moment acting on the vehicle in
various modes of motion. It can be categorized that there are available
four methods for estimating the hydrodynamics. Semi-empirical
methods have been used for calculating the hydrodynamic derivatives,
but these have just simple form and deal with only main design
particulars of the submarine(Mackay, 2007). In addition, the panel
method was developed to predict the hydrodynamic characteristics of
the underwater vehicle. Nevertheless, this method did not take into
account the effect of viscosity, so it could deal with only added mass
and added moment of inertia(Iskender et al., 1997). Captive model
tests are considered as the most accurate method to determine all linear

and nonlinear hydrodynamic derivatives used for mathematical

modeling of hydrodynamic force and moment(Park et al., 2017; Han
et al., 2017). However, it also has some disadvantages such as the
limitation of facilities, the high cost of performance, and the scale
effects.

On the other hand, Computational fluid dynamics(CFD) methods
are becoming the alternative solution for compromising the
disadvantages of the other methods. It not only includes the viscous
effects but also can model the captive model tests virtually with good
accuracy and economy as well. There are three main approaches to
simulate turbulent flow over the submarine, which are Direct numerical
simulation(DNS), Large eddy simulation(LES), and Reynolds-averaged
Navier-Stokes(RANS). DNS is the most accurate of approaches as it
numerically solved Navier-Stokes equations without any turbulence
model, but it requires enormous computational resources. The LES
or hybrid LES-RANS approach are computed directly and only small
scale motions are modeled. It is more accurate than the RANS approach
since the large eddies are captured in full detail directly. However,
these approaches are many times more computational expense than
RANS approach. The RANS is the most common approach to
turbulence modeling using the Reynolds averaging procedure.
Nonetheless, it gives bad results when there is swirl or streamline
curvature.
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Regarding the use of RANS calculation in the design of submarine,
Toxopeus(2008) and Zeng and Zhu(2010) demonstrated that
RANS-based simulation could be used to predict the hydrodynamics
of the scaled DARPA SUBOFF submarine in forward and oblique
motions at small drift angle. In addition, Pan et al.(2012) proposed
an approach for simulating the small drift motion and the harmonic
motion of the same submarine with full appendage using the unsteady
RANS-based simulation and the dynamic mesh technique. To solve
the rotational motion by CFD method, Wu et al.(2015) employed the
hybrid reference frames method to model the circular motion of the
DARPA SUBOFF submarine. These researches show that the results
of the RANS-based simulation are in good agreement with the
experimental data. However, the simulations were mainly carried out
for the scaled model with a few motion modes.

In the present paper, the RANS-based simulation for a full-scale
submarine with appendages is done at straight motion, oblique motion,
and rotational motion for both single mode and combined mode in
the horizontal plane and vertical plane. The obtained force and moment
of the simulations are then analyzed and non-dimensional hydrodynamic
derivatives are estimated using least square method for maneuvering
assessment in the further study.

2. Case study

2.1 Objective

The submarine shape in this paper is modeled following the outline
of the submarine type with 85.0 m long, 7.7 m wide, and 6.7 m depth.
Conning tower and rudder are created from NACA0020 profile, and
the NACAO018 profile is used for the remained control surfaces. Fig.
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Fig. 1 Geometry and coordinate system

1 shows the definition of body-fixed coordinate system and outline

drawing of the submarine which is used in this study.

2.2 Test conditions

In order to estimate the hydrodynamic derivatives, the virtual
captive model tests of the vehicle are implemented for a series of
motion modes at Reynolds number of 8.7099602E+08. The definition
of the submarine motions is described in Fig. 2, where 2, &, J
and w are called the angle of attack(AOA), drift angle, and deflection
of control surfaces, and rotational velocity, respectively. Fig. 2(a)
shows the definitions of straight running( 2, &, J° =0), oblique( @
or & # 0, ¢ = 0), and the deflection of control surfaces( 2, &
=0, J # 0). The circular motion( 2, £ = () and combined circular
motion( @, & # 0) are illustrated in Fig. 2(b). Following the
International towing tank conference(ITTC) recommendations on
Captive Model Tests Procedure(ITTC, 2014), the computing conditions
of these cases are selected as shown in Table 1.

The velocities and hydrodynamic force and moment obtained from

the simulations are presented in the dimensionless form as follows,

v u(vw) o q(r)x L
u(v,w)= % q(r) e M)
x.2)=FED ) - D
2772 3r72
EpLU 5pLU %)

where u, v and w are the velocity components along x, y and z-axes,
respectively. ¢ and r are the angular velocities of y and z axes. X,
Y and Z are the hydrodynamic forces along x, y and z-axes, respectively.
M and N are hydrodynamic moments about y and z-axes.

Velocity inlet

5

(b) Rotational motion
Fig. 2 Definition of motions
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Table 1 Test conditions

Tien Thua Nguyen et al.

a s o w’
Case [deg.] [deg.] [deg.] [-]
Static drift 0 -2, -4, -6, -8, -12 0 0
Static angle of attack 0, 2, +4, +6, +8 0 0 0
Static rudder (0=10,) 0 0 0 + 35, interval 5 0
Stern stabilizer (0=10) 0 0 -25 + 25, interval 5 0
Horizontal circular motion(HCM) 0 0 0 0.12, 0.17, 0.21,
(w> =7) 0.25, 0.29
Vertical circular motion(VCM) 0 0 0 +0.12, £0.17, £0.21,
(0’ =¢q) +0.25, +0.29
Combined drift-HCM 0 +3, +5, +7, 9 0.21, 0.25, 0.29
Combined AOA-VCM 3,-5, -7, -9 0 0 0.21, 0.25, 0.29

2.3 Numerical modeling

The rectangular domain and cylindrical domain covering the
submarine are generated for simulating the straight and oblique motion,
and the circular motion, respectively. Its dimensions are chosen to
be able to eliminate the effects of wall boundaries as well as reverse
flow at the inlet and outlet flow conditions. Dimensions of the
rectangular domain are 5 L in length, 4 L in width, and 3 L in height.
These are 0.2 L, 5 L, and 3 L for inner radius, outer radius, and
thickness of the cylindrical domain. In addition, physical conditions
are applied for the boundary of the domain. The front face and back
face are correspondingly assigned to velocity inlet and pressure outlet.
Slip condition is set for the side walls and the no-slip condition is
specified for the appendages and hull surfaces. The top face and bottom
face of the domain is considered as slip wall conditions.

The fluid domain is then discretized in a number of tetrahedral
elements for the numerical process. Prism layer is used for modeling
boundary layer of fluid flow surrounding the hull. The height of the
first element next to the body’s wall is created to satisfy y* value
of the boundary layer. The value of y* can be set about 3,000-5,000
for Re = 1.0E+9(Oh and Kang, 1992), and the boundary thickness
of submarine in the trial(William, 1974) is in fair agreement with the
empirical relation of Granville. Using these two references, the
estimated first grid height is 9.0 mm corresponding to y* of 2,500.

= e #? )3

(a) Obquile motion

Fig. 3 Mesh on submarine suface and center plane

Fig. 3 shows the mesh of submarine in the fluid domain.

The ANSYS FLUENT software is applied for simulating the single
motion and the coupled motion of the submarine in steady state. An
incompressible RANS solver is opted for modeling fluid flow in these
cases. According to ITTC Practical Guidelines for Ship CFD
Applications(ITTC, 2011), the two-equation models have shown to be
able to give an accurate prediction in ship hydrodynamics. Hence, the
realizable k-epsilon turbulence model is chosen for modeling fluid flow
around the submarine. Also, the second order upwind scheme is used
for determining face values from interpolation of cell center values
with the good accuracy and robust. Semi-implicit pressure link
equations(SIMPLE) algorithm is employed to obtain pressure field and
face flux by solving the momentum equation iteratively(ANSYS,
2017). Evaluation of the gradients and derivatives is done using the
least square cell-based method.

The straight and oblique motions of the submarine are simulated
in stationary reference frame while the steady circular motions and
combined motions are carried out in moving reference frame.
Following the method(ANSYS, 2017), the relative velocity vectors are
defined as follows,

u, =0, + xR (€)

(b) Circular motion
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Fig. 4 Hydrodynamic force against motion variables in horizontal plane
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Fig. 7 Force and moment acting on the submarine in combined AOA-circular motion

The ship is symmetrical about the vertical center plane, the
calculations are implemented in the positive range of drift angles and
rudder angles. Fig. 4 shows the forces and moments acting on the
ship and rudder in cases of the static rudder, drift motion, and circular
motion(CM) in the horizontal plane. The hydrodynamic force acting
on the ship in cases of stern stabilizer, angle of attack, and circular
motion in the vertical plane is shown in the Fig. 5. It can be seen
that the forces acting on the submarine in case of positive attack angle
are greater than the one for the negative side. The discrepancy between

the two case decreases with increasing of the attack angle and it might
be caused by the asymmetry in the vertical plane of the body as well
as the effect of the lifting surface at the stern.

The coupled derivatives are determined from the combined motion
by subtracting forces and moments acting on the ship in the single
motions from the forces and moments acting on the ship in the
combined motion. The residual forces and moments are approximated
using the least square method. However, the results of the combined
drift-circular motion show that linear function of sway velocity and
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yaw rate is enough to represent the variation of sway force and yaw Table 2 Hydrodynamic derivatives (x10°)

moment. On the other hand, the hydrodynamic forces of the combined Coeff. Value Coeff. Value Coeff. Value

angle of attack and circular motion result in two coupled derivatives. X W 32.05 Y 244.64 M, 217.13

Figs. 6-7 describe the force and moment acting on the submarine and X, 199.89 Y 554854 M 580.32

X w 1591.2 Y s 734.99 My, -545.34
X 18243 Y ‘s -871.80 M o -169.69
X -641.54 zZ, -312.07 N -436.26

X', 168404 z,  -12198 N -153828
X o 24342 Z 'y, 135848 N, -687.60

fitting curves in these two cases. The hydrodynamic derivatives
obtained from the simulation in this study are listed in Table 2.
Flow pattern around the sumarine is extracted to visualize flow
characteristics during its operation. Fig. 8 illustrates contours of velocity
magnitude in four cross sections located at fore and aft of the submarine.
It can be seen that there is a development of vortex flow behind the
conning tower. It becomes stronger as the vorticity sheds from the X oo -17982  Z 5 38540 N 7sysq 81990
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x=03L x=0  ,—03L
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(a) Static AOA (b) Static drift
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(c) Combined AOA-CMT (d) Combinned drift-CMT

Fig. 8 Velocity contours in various motions
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Fig. 9 Pressure contours in single motion and coupled motion
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conning tower to the stern. The vortex generates the asymmetric forces
acting on the submarine which afftects diving motion.

Fig. 9 shows the pressure fields of the vehicle when it travels in
the angle of attack, drift, the combined angle of attack and circular,
and combined drift and circular motions. The slices in the center plane
and horizontal plane are colored by pressure distribution of flow around
the hull and appendage. It is observed that the oblique and the
combined motion cause asymmetry pressure field which leads to sway

force, heave force, pitch moment, and yaw moment.

4. Conclusions

In this study, CFD RANS-based simulation of a full-scale submarine
has been implemented when it runs straightly and rotationally. The
straight motion and obquile motion is simulated in the stationary
reference frame and the circular motion is modeled using the moving
reference frame. The simulation results are fitted to curves and surfaces
using the least square method. As the results, the velocity-dependent
derivatives, rotary-dependent derivatives, and cross-coupled derivatives
are estimated. These derivatives may be used to confirm the
submarine’s maneuverability in its preliminary design. In the future,
the simulation results will be verified with the experimental results.
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Study on Mobile Wave Energy Harvesting System Utilizing
Wave Glider Mechanism
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ABSTRACT: This paper reports a novel mobile-type wave energy harvesting system. The proposed system adopts a wave glider’s propulsion
mechanism. A wave glider’s blades were mounted on a circular layout and generated a rotational motion. Combining the wave converting system
with the wave glider, a mobile floating-type robotic buoy system was developed. It enabled the relocation of the buoy position, as well as
station-keeping for long term operation. It had a small size and could efficiently harvest wave energy. A feasibility study and modeling were carried
out, and a prototype system was constructed. Various tank tests were performed to optimize the proposed wave enerqy harvesting system.
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Fig. 5 Turbine axis configuration and layout of Wave turbine structure

Table 1 Specification of the prototype

Values
35 kg (air),
ABS and AL changeable
60 x 15 x 0.3 cm (L x D xW)
8 blades x 2 layers

Parameters
Weight

Blade’s material

Blade’s dimension

Blade’s layout
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Fig. 6 The electrical power generation test using the prototype of Wave turbine. The locomotive motion actuator to emulate wave

motion (left) and the experimental setup (right).
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Fig. 8 Experimental configuration for tank test using 4 differenct
blades

Table 2 Parameters of Wave turbine blade used for simulation
and tank test

Blade properties Case 1 Case 2 Case 3 Case 4
Material ABS Aluminum  Aluminum  Aluminum
Length [m] 0.6 1 0.5 0.5

Width 0.15 0.15 0.14 0.08

Table 3 Resulted mean rotational speed[rpm] in experiment

Period 3s Period 4s Period 6s
Case 1 16.47 11.66 5.57
Case 2 19.21 15.72 5.84
Case 3 10.89 6.21 2.67
Case 4 7.48 3.36 1.21
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Fig. 9 Electrical power generation test using the prototype; launching
(left) and the wave turbine in wave (right)
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Fig. 11 Diagram for energy conversion of Wave turbine
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A Study of the Development Test and Evaluation and
Verification Procedure of a Multi-Mission USV, M-Searcher
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KEY WORDS: Unmanned surface vehicle(USV) 721547, Development test and evaluation(DT&E) 70'#AI8% 7}, Advanced Concept
technology demonstration(ACTD) 417'd 7] A%, Unit technology test(UTT) ©917]<A1 8, Integrated technology test(ITT) TH71&EA
Electro optics tracking system/Infra search and track(EOTS/ IRS) AR 52 A 2H]

ABSTRACT: This paper describes the plan and procedure of a development test and evaluation that will be performed to verify the performance and
technology of multi-mission unmanned surface vehicles (MMUSVs). In order to verify the design requirement of MMUSVs, we designed and
manufactured the common platform of MMUSVs, which have an overall length of8.4 m, a displacement of 3,100 kg, and a speed of more than35
kts. The platform is equipped with several sub-systems, including radar and an EOTS/IRS. The EOTS/IRS, along with the search radar, is used for
effective detection, identification, and targeting. The core technologies of MMUSV for DT&E will be investigated. The common platform design
technologies, remote operating and control system technologies, autonomous navigation technologies, and unmanned operational technology of sensors
and equipment will be studied for the development of the MMUSV’s core technologies. The system will be able to make precise observations and track
targets both manually and automatically during day and night conditions. Currently, the verification tests for each of the technologies and for the
integrated system are in the pipeline for DT&E, which will be performed next year. Also, software reliability and life tests will be performed.
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Fig. 4 Software management process for the development of weapon system
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Table 1. Critical technologies of development test and evaluation for MMUSV
Classify Technology items for DT & E Note
. * MMUSV platform design technology .
Platform desi; . . . #1 Project
& * High speed//seaworthiness hull form design technology )
* MMUSV remote operations and autonomous mission control technology
Remote operations control ~* MMUSV integrated information processing technology #2 Project
* Single and multi-mission plan technology
* Barrier search and tracking technology
L * COLREG-based autonomous navigation technolo, .
Autonomous navigation . . 5 £y #3 Project
* Fault diagnosis and autonomous return technology
* GPS jamming detect and backup navigation technology
. * Maritime reconnaissance and surveillance mission module interface/operation technolo .
Mission module P & w Project
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Fig. 6 Factory acceptance test for MMUSV

Shin-Bae Park, Won-Jae Kim and Kurnchul Lee

| @zeansza
|

Fig. 7 USV and test control center moving on land

Fig. 8 USV maximum speed test on the lake

(3) 5&71<=A1 8 (Integrated technology test, ITT)
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Table 2 The items of development test and evaluation for MMUSV

Classity Evaluation items Evaluation criteria
* Platform design Multi-mission platform design and implementation
Platform - length/beam : Om / O m = 10 %
desi . . . oy
& * High speed//seaworthiness hull form Max. speed : OO kts over, sea worthiness : SS O within
* Remote operations and autonomous mission control Remote operation and control system
- Radio communications : OO km
Remote - Data Tx/Rx : OO Mbps
operattrloiis * Integrated information processing Mission plan, target search, navigation and environment information
contro

* Single and multi-mission plan

processing ability

Mission scenario generation, management, and analysis ability

* Barrier search and tracking

Autonomous  « OLREG-based autonomous navigation

Day light O km, night O km over obstacle search/tracking, and multi
obstacle search and tracking ability

Other ship conflict avoidance and autonomous navigation system

navigation Fault diagnosis and autonomous return Autonomous return if system breakdown
* GPS jamming detect and backup navigation GPS jamming detect and backup navigation ability
o * Maritime reconnaissance and surveillance mission module Maritime reconnaissance and surveillance and target tracking ability
I\If;;i:l): * Underwater search mission module Side scan sonar towed and depth control ability

SSS launch and recovery possibility
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Table 1 Computed wind and current forces on buoy models

Wind Current
Buoy Force Center Force Center
[Kgf] [m] [Kgf] [m]
LL-26(M) 5.714 0.588 5.508 0.536
LL-30 6.587 0.682 6.450 0.608
LS-35 3.796 0.395 4131 0.159

LNBY-100 2.563 0.516 2.729 0.140

Zolt), = 52 AEFe iR, 529 HugMaximum value)S 73] Fig. 10 =AEAT - )
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Authors’ Checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review.
Please submit this checklist to the KSOE when you submit your article.

< Editing checklist >

I checked my manuscript has been ‘spell-checked’ and ‘grammar-checked’.
ol o] e @ BwH @Rk A selskdgy

One author has been designated as the corresponding author with contact details such as
- E-mail address
- Phone numbers

Hash @) AR BAARR GO, oo ALzt E715H At

L D

- A3 e

I checked abstract 1) stated briefly the purpose of the research, the principal results and major conclusions, 2) was
written in around 300 words, and 3) did not contain references (but if essential, then cite the author(s) and year(s)).

O e 250] 1) s A9 52, 30 27 9 483 Z38tal e skl e, 2) 300tto] el
Holz FAHYSS SAsHE 0N, 3) AL Esh QA S-S st (B DR B
o A 7Hs).

I provided 5 or 6 keywords.
e S670e) AIAEE Mg et

I checked manuscript consisted of as follow: 1) Title, 2) Author’s name, 3) Key word, 4) Abstract, 5) Nomenclature

description, 6) Introduction, 7) Body (analysis, test, results and discussion), 8) Conclusion, 9) Acknowledgements,
[0 10) Reference, 11) Appendix, etc.

Ue dart 9] M2 FAENES Fdstdsyth D AlE, 2) AR, 3) 7195, 4) 25, 5) 712,

6) A&, 7) i G4, A9, A3 HE), 8) A&, 9) FI(AAD, 10) FiEd, 1) F5, 5.

I checked color figures were clearly marked as being intended for color reproduction on the Web and in print,
or to be reproduced in color on the Web and in black-and-white in print.

H U me 20y ano] de fo] i Aei(EL Zu) aE] 2 ek 4 RS 9T 198 A8
e sy

0 I checked all table and figure captions were written in English.
U A3 BE E ART Y ARS GRoE A4EHUASS St

0 I checked all table and figure numbered consecutively in accordance with their appearance in the text.

U BEOA e eAge E us 9 a9 Wssh AgEee slsday

I checked abbreviations were defined at their first mention there and used with consistency throughout the article.
Ot 98 948 209 3 0A) AgolAl Befsigon], ofF Auol il FAT oS gL S

stelsl AU

I checked that references were in the correct format for the journal (See ‘Guide for Authors’ for details).
U B o] & Ade Faedd 7HAA 7hol= x)ol b 2 E e ghlst s yth

I checked all references mentioned in the Reference list were cited in the text, and vice versa.
[0 Y= ‘References’of| EAe= He FIEHAS Y1 ZEA AFEHoH, vitf2 Y1 Eiof AdgH
HE FAEF S References’ol| 7] 35S 2HIstsUTh



O

I checked I used the international system units (SI) or Sl-equivalent engineering units.
U ST RelA ER BetHoR ol BelAE AgataeS Selstaauch

< Submission checklist >

O

I checked the work described has not been published previously (except in the form of an abstract or as part
of a published lecture or academic thesis).
U & 9310 Wio] 25, TRiE, 3ol 5= A B A ol AE Aol gl Skl

ofs

)Y

Y.

I checked when the work described has been published previously in other proceedings without copyright, it has
clearly noted in the text.
e & i) yigo] ol gle ZRAFA AMENE 45 oI5 darolA PAsI = BHelst
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Y.

I checked permission has been obtained for use of copyrighted material from other sources (including the Web)
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I have processed Plasgiarism Prevention Check through reliable web sites such as www.kci.go.kr,
http://www.ithenticate.com/, or https://www.copykiller.org/ for my submission.
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I agree that final decision for my final manuscript can be changed according to results of Plasgiarism Prevention
Check by JOET administrator.
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I checked minimum one author is member of the Korean Society of Ocean Engineers.
R e AL C I S DEL R DR e

I agreed all policies related to ‘Ethical Code of Research’ and ‘Research and Publication Ethics’ of the Korean
Society of Ocean Engineers.
e APEBRAT ATgel S Selgon, 248 AL Ao,

I agreed to transfer copyright to the publisher as part of a journal publishing agreement and this article will not
be published elsewhere including electronically in the same form, in English or in any other language, without
the written consent of the copyright-holder.
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I made a payment for reviewing of the manuscript, and I will make a payment for publication on acceptance of
the article.
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Research and Publication Ethics

Authorship of the paper

Authorship should be limited to those who have made a significant contribution to the conception, design, execution,
or interpretation of the reported study. All those who have made significant contributions should be listed as co-authors.
Where there are others who have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no inappropriate co-authors are included on
the paper, and that all co-authors have seen and approved the final version of the paper and have agreed to its
submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use, the author
must clearly identify these in the manuscript. If the work involves the use of animal or human subjects, the author
should ensure that the manuscript contains a statement that all procedures were performed in compliance with relevant
laws and institutional guidelines and that the appropriate institutional committee(s) has approved them. Authors should
include a statement in the manuscript that informed consent was obtained for experimentation with human subjects. The
privacy rights of human subjects must always be observed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct the paper. If the
editor or the publisher learns from a third party that a published work contains a significant error, it is the obligation
of the author to promptly retract or correct the paper or provide evidence to the editor of the correctness of the original
paper.

Ethical Codes of Research

for The Korean Society of Ocean Engineers [1, Nov. 2008 amended]

All members of The Korean Society of Ocean Engineers, by observing the following codes of conduct and regulations
regarding research in the field, will contribute to the development of ocean engineering and the security and prosperity
of the society and the nation, thus holding our honesty, reputation and authority in the highest standards.

A. Foundational Spirit
1. We make a contribution to mutual prosperity of mankind through ocean development, using the knowledge and
technique in the field of ocean engineering.
2. We contribute to fostering the good spirit of citizenship by conducting responsible research.

3. We make efforts to enhance our authority and competitiveness as experts in ocean engineering.

B. Fundamental Canons
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.
2. We promote professional development through performing proper research and provide young researchers with the
opportunities to develop professionally.



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

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

5. We raise common issues only through objective and fair methods.

C. Practical Platforms
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
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.

(c) 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 him/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]



Publishing Agreement

Article details

Article

Corresponding author

E-mail address

DOI

YOUR STATUS

I am one author signing on behalf of all co-authors of the
manuscript.

ASSIGNMENT OF COPYRIGHT

I hereby assign to Korean Society of Ocean Engineers, the
copyright in the manuscript identified above and any tables,
illustrations or other material submitted for publication as part of
the manuscript (the “Article”). This assignment of rights means
that I have granted to Korean Society of Ocean Engineers the
exclusive right to publish and reproduce the Article, or any part
of the Article, in print, electronic and all other media (whether
now known or later developed), in any form, in all languages,
throughout the world, for the full term of copyright, and the right
to license others to do the same, effective when the Article is
accepted for publication. This includes the right to enforce the rights
granted hereunder against third parties.

SCHOLARLY COMMUNICATION RIGHTS

I understand that no rights in patents, trademarks or other
intellectual property rights are transferred to the Journal owner.
As the author of the Article, I understand that I shall have: (i)
the same rights to reuse the Article as those allowed to third party
users of the Article under the CC-BY-NC License, as well as (ii)
the right to use the Article in a subsequent compilation of my
works or to extend the Article to book length form, to include

the Article in a thesis or dissertation, or otherwise to use or re-use
portions or excerpts in other works, for both commercial and
non-commercial purposes. Except for such uses, I understand that
the assignment of copyright to the Journal owner gives the Journal
owner the exclusive right to make or sub-license commercial use.

USER RIGHTS

The publisher will apply the Creative Commons Attribution-
Noncommercial Works 4.0 International License (CC-BY-NC) to
the Article where it publishes the Article in the journal on its online
platforms on an Open Access basis.

The CC-BY-NC license allows users to copy and distribute
the Article, provided this is not done for commercial purposes
and further does not permit distribution of the Atticle if it is
changed or edited in any way, and provided the user gives
appropriate credit (with a link to the formal publication
through the relevant DOI), provides a link to the license, and
that the licensor is not represented as endorsing the use made
of the work. The full details of the license are available at
http://creativecommons.org/licenses/by-nc/3.0/legalcode.

REVERSION OF RIGHTS

Articles may sometimes be accepted for publication but later
rejected in the publication process, even in some cases after
public posting in "Articles in Press" form, in which case all
rights will revert to the author.

M T have read and agree to the terms of the Journal Publishing Agreement.

Corresponding author

name

signature

Print and sign completed form. Fax(+82 51 759 0657) or E-mail scanned file to : ksoehj@ksoe.or.kr
(Papers will not be published unless this form is signed and returned)

A,

KSOEL: a5NYE A
P ng

e Korean Society of Ocean E



OrA0CF RN (JOET) =BF A8 o6 10.20 =)

1. B g3|x]o BEustaz) sk AR Sslokasts] 6. 99 Ao Re =EA AR wek gk
3 Ygde dFRoZ gy FAHRI Afole Fox 19
o|Ato] 3Yolojok Bit} Tk B &3le] WYyl 7. F3A ) AAE Yo FAHHSE 61 olUlo)a,
53] QAT AR 9= gith AAFE 238 o) A= 242 AAE o4 =

Il et AN sE FH-stloF 2.

2. dale ShEe, 7leRa B ARE TPsta, St
=2 ¢ v e A=A & gojgter 8 wwdad AAlE thee dFeE vt )AF, (9
gt} Al e B =Rl ik A Ak AAH, (3)F 871480l (Key Words), (4)F2ZE, (5)
At 712 W7to] o] F6iA) = A (Journal) 5L © 71349, (6)AE, B2, A48y, 25,
n@t eA ol9le] s w=E, AT RIA, Anel o4, 13), @AE, ()F], (10)FL=d,
SHel=g, St 5 B das Favt Jhssith (1)F-=, 71
w2 3ol AAHE & 53] WA A
Mol glo] BEleAo] AE m Quyl magae 9. A AR WS A= dE e A|(JOET) ®#ES
2 3EEolME v, A 95 F&dnh = T2

3. FIEE F 34 ol99] st&rjs w=E Arnm 10 el 298 =% 5 ARE
A, =R, S|4} Fof AL = A
2 ook ol YT A FL Hio] FRFALES o A7t A,

Alato]of gk,
o) £ =& 2008 AlFEolM MHE Sl
& 71L& 05 LEdFTNS =] hvs rno
;j;gifjjl%;j’,;gﬂj% BEEEEE S pyguse 1 oue) mREnTAe ge s
Aol date] AL D AAE ARG & gl

11 93 & 2 2ol YL Axp} Aok

4, 1= Qe Aol A WebReview A 2~ElS- o] &3]

Agshoiol o) oj) 2 A29) =RFERGAemp- > 71T E TN WA W AT 2HE
late)oll =% E Z(Hangul) =5 MS 9 =(MS Word)  oE A ARl me.

el g AR ASshlol Btk AnAS A 2o - ‘ -
AL AV Asielop Ak AT A S g Ao ware AzeA g Ag 9%

AAEE gRsiiorat, BT A%d AENE

o - N o7 dh} "R3 A= AR} AHE Hdsledo
35 AP o T A|Zsledok diT) . Tt 3= AATE AHIE Fdstelof
5. Aart AU Aol HeE Ee HELA=E itk
9S4 AMCHRHOI SHRSUREE -

Oronpo FoTr | RUEOA 57 SYUR 18081 13, 13022 (2YS LRHERD|AY)
Oro%f ey @ 8:(051)759-0656 FAX: (051)759-0657

H322 H5E(EA H1443) g  giAE=3ols

ol A:20184 10% 26 E = ma||..ksoehj@ksoe.or.kr

o 820184 10% 312 Z',O”l‘ﬁpa?\eﬁg’ﬁ’;vﬁfilﬁfe'or'kr

= o= o & 4 . daElT
%’ff%’ I;&E? MEEYA| 27 E[AH2512 20 1303(& S, HUMAER])
HYQl - et 2 3}:(02)2273-4201 FAX: (02)2179-9083

E - mail: hanrim@hanrimwon.co.kr



~ANANL
~NAN

KSOE
AN

Aergel Pr= o) f 3 2 2
The Korean Society of Ocean Engineers



	표2 임원명단
	00 앞내지부분(목차포함)
	01 037 정준모
	02 043 송창용(그림위치)
	03 063 송창용
	04 049 김유일
	05 075 정동호
	06 062 이정렬
	07 069 윤종성
	08 009 이진성
	09 015 임영섭
	10 055 이제명
	11 058 윤현규
	12 051 유선철
	13 050 박신배
	14- 논문투고요령
	15-Guide for authors
	16-Authors’ Checklist
	17-Research and Publication Ethics
	18-Publishing Agreement
	표3 투고규정

