creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ UCI ]1804: 24011- 200000264942

2015 8E

A

I}
H

oF
ol

LR1 Tanker 2|

oFJ

ol
o

E
ol

g
K

=
ol
[0
o0
S

ol
X



= N0 Zret A

LR1 Tanker 2

A Study on the Hull Form Optimization of LR1 Tanker

2015 8E 256¢

x
jT X
M
ol -
09 =
TR
Joh Jon
ST

T
ol
ale



LR1 Tanker &

2015 4Z

oK

ol
0

E

ol
g

g
K

=
ol
[0
o0
S

ol
X



8

E
E

ol
0

7
K

-t

KO
or
ok

0

3

E
E
ol
7
K
iy

2015 5E

%)
ol

=
ol

d
K



L B B e iii
= = = —— iv
NOMENCLATURES cerererereermmnmnnnininestsns s sssssssssssssssssssssnss Vi
ABSTRAGT ceeeeeererererererereresmssssssssnsssssts sttt viii
T S OO i
1.1 THUZ o 1
1.1 HREA QI HEBH s )
F OFF MBI A H| oo 3
2.1 H2BA A s, 3
2.2 HOIE A AH oo 6
H 3& CFDEZ2 ) HEHE 0|28 =XolA s 8
3.1 XA BEEH s 8
31,1 KIHHEEE Al ettt ss s banens 8
3.1.2 LER S s 9
3.2 FFIEH| oo s 10
3.3 R K v 1
3.4 XA ZIF oo 13



Hl AT D& AIB oo 19

4 1 PR oo 19
4.2 E@M@ .................................................................................................... 20
4.3 Eg“@ Daﬂj]_} ....................................................................................... 23
431 ZZE HLNHEEO DEHAIE T e o3
4.3.2 EZ WIS JIZ LR Tarker & DEAZ ZDt HID -ovvveeoe 26

R 5% CFD 2+=XIGHA D SHAIE 213t Bl o 27
X—” 6§>|' %% ..................................................................................................... o8
B TS s 29



ES=

Table 1 Table 1 Principal Particulars of Ship and Modelsg «weeeeseeeeemeeeeenee 3
Table 2 Compar ison of BUlbOUS BOW LeNgth «sreesseeesrrisrriiciiiieiiinc, 4
Table 3 Comparison of BUIDOUS BOW Height «esersseeeesermsmrmmsciiiiieriiceianas 5
Table 4 A SO0 2 CFD b H|ID crevevereereeeeemeeeenieinisne 13
Table 5 PANAZS 200 [F2 CFD b H|ID oereverrerermreereeemeeeeeiesn, 13
Table 6 Principal Dimensions of the Model and Ship «reeeresesremmmsseesseeneneeenes 20
Table 7 Principal Dimensions of the Stock Propeller e 22
Table 8 Result Of RESiSTANCE TSt reerrererererrreimrisiniesiisteseieissttesete s 23
Table 9 Result Of Self—propulsion TEST e 23
Table 10 Result of FUll Scale PrediGtion e eeremrememeeneisienesenenaes 23
Table 11 Speed & Brake POWET «wrwwwwrsrmmerisissis s 26
Table 12 Brake Power of CFD and Model Test (at NCR Power with S.M.15%) «weeeeer 27



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

1 IEO T A BES  cererereeeeenerre 1
2 B2 QU QR O] RAIJIA ZFE I e 1
3 MEFU AL OJAFSFEFA HUEDE v 2
4 EEDI (Energy Efficiency Design Index) HIAFAL e, 2
5 Profile of BUIDOUS BOW LENQGtR «weerrrrmmsmsmmiiisisis i, 4
6 Profile of BUIbOUS BOW Height e 5
7 Body Plan of BUlbous BOW Height e 5
8 MOIEHAY E2 (UB, VE) s 7
O FE AO| TEEHE AL oo 7
10 COOTAINALE SYSEEM ++rrereessssseresssssmrrsssssssessssssssssssssssssssss s 10
11 LR1 Tanker Q] AT ZARF «eoereerereeremmmeeetineict e 11
12 LR1 TanKer Q] 2F2A X} eveeerererseminiieii e 12
13 Comparison of Wave profile(at 14.5KtS) e, 14
14 Comparison of Wave pattern(at 14.5Kts) e, 15
15 Comparison of pressure distribution of fore body(at 14.5kts) «eeeeeeeee 16
16 Compar ison of pressure distribution of after body(at 14.5kts) - 17
17 Speed - Power Prediction Curve (at CFD) ........................................ 18
18 Photographs of the Model Ship e 21
19 Drawing of the Stock Propeller -« 29
20 Speed - Power Prediction Curve (@t NCR) e, 24

_iv_



Fig. 21 Speed - Power Prediction Curve (at NCR with S.M.15%)



Wg

NOMENCLATURES

. Block coefficient
- Prismatic coefficient
: Midship section coefficient

. Waterplane coefficient

. Specific frictional coefficient of ship

. Specific frictional coefficient of model

: Three dimensional form factor
: Total resistance of model

. Speed of ship

: Speed of model

: Brake power

. Delivered power at propeller
: Effective power

: Reynolds number

: Froude number

: Towing force in a self-propulsion test,
: Torque of model

: Thrust of model

: Rate of revolution of model

: Thrust deduction fraction

. Taylor wake fraction of ship

_Vi_

. Specific total resistance coefficient of ship

. Specific total resistance coefficient of model

. Specific residuary resistance coefficient

. Specific wavemaking resistance coefficient

measured



Wy : Taylor wake fraction of model

NMp : Propulsion efficiency or quasi—propulsive coefficient
Ny : Hull efficiency

No . Propel ler open water efficiency

Mg . Relative rotative efficiency

J : Advance coefficient of ship
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ABSTRACT

A Study on the Hull Form Optimization of LR1 Tanker

Park Hee-Ju

Advisor : Prof. Lee Kwi-Joo, Ph.D.

Department of Navel Architecture & Ocean Engineering,
Graduate School of Chosun University

These days, the shipping companies and shipyards are required a optimization hull form design
according to improved fuel efficiency and application of EEDI. In the present study, the target
vessel is LRT Tanker. The hull design was using the EZ-Hull program. The performance is verified
through numerical calculation using the CFD program (wavis2.2) and model tests. The goal of this

paper is to designed optimization of hull form for improved fuel efficiency.
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Table 2 Comparison of Bulbous Bow Length

M L1 L2 L3 L4 L5 L6
Bulb Length (m) 5.0 5.1 5.2 5.3 5.4 5.5

_.___————-—____-—__'—'———4___'_

Fig. 5 Profile of Bulbous Bow Length




Table 3 Comparison of Bulbous Bow Height

Ak H1 H2 H3

o2k

Bulb Height (m) 9.5 10.0 10.5

Fig. 7 Body Plan of Bulbous Bow Height
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Fig. 14 Comparison of Wave pattern(at 14.5kts)
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Table 6 Principal Dimensions of the Model and Ship

Designation SYMBOL SHIP \ MODEL
Scale ratio SCALE 31.2
Load condition Design
TF(m) 12.20 0.3910
Draft TA(m) 12.20 0.3910
TMEAN(m) 12.20 0.3910
Length between per. LPP(m) 219.00 7.0192
Breadth B(m) 32.24 1.0333
Depth D(m) 20.90 0.6699
Length of waterline LWL(m) 223.00 7.1474
Wetted surface area S(m2) 10945.0 11.2436
Bilge keel area SBK(m2) 75.0 0.0770
Trans. area above WL AT(m2) 637.2 0.6546
Displacement volume DISV(m3) 71735 2.3619
KB above moulded BL KB(m) 6.345 0.2034
LCB from midship, f+ LCB(m) 6.562 0.2103
LCF from midship, f+ LCF(m) -1.591 -0.0510
Block coef. CB 0.833
Load waterline coef. CwW 0.925
Midship section coef. CM 0.995
Prismatic coef. CP 0.837
LPP/B 6.7928
LPP/T 17.9508
B/T 2.6426
LCB%(fwd,+) 2.9963
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Fig. 18 Photographs of the Model Ship
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Table 7 Principal Dimensions of the Stock Propeller

Designation SYMBOL
Scale ratio SCALE 31.2
Diameter of ship propeller(m) DIA.S 7.8000
Diameter of model propeller(m) DIA.M 0.2500
Expanded blade area ratio EAR 0.4214
Propeller pitch ratio, mean PRMEAN 0.8445
at tip PRTIP 0.8120
at 0.7R PR70R 0.9093
at root PRROOT 0.5096
Chord length-diameter ratio(0.7R) CR70 0.2376
Max. blade thickn.dia. ratio(0.7R) TR70 0.0140
Hub-diameter ratio HDR 0.1650
Rake angle(deg) RDR 0.0000
Skew angle(deg) SKEW 24.860
Number of blades NPB 4
Propeller section type NACAG6
R SIDE ELEVATION PROJECTED BLADE EXPANDED BLADE P/D
— s — -
£n 1 | = — |
S— =7 Z.
Y o e AT
T, ! g
N X[ S
Fig. 19 Drawing of the Stock Propeller
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Table 8 Result of Resistance Test

VS’ P E CTS CR CFb CF‘M CTJI RTM VA/ P
(knot) | (kW) (e-3) | (e-3) | (e-3) | (e-3) | (e-3) (N) (m/s) !

10.00 | 1545.6 | 2.022 | 0.587 | 1.537 | 3.269 | 3.856 | 18.36 | 0.9210 | 0.1100

12.00 | 2658.8 | 2.013 | 0.613 | 1.503 | 3.163 | 3.776 | 25.90 | 1.1052 | 0.1320

14.00 | 4211.0 | 2.008 | 0.636 | 1.475 | 3.078 | 3.714 | 34.67 | 1.2894 | 0.1540

14.50 | 4700.7 | 2.017 | 0.652 | 1.469 | 3.059 | 3.711 | 37.16 | 1.3354 | 0.1595

15.00 | 5265.4 | 2.041 | 0.682 | 1.462 | 3.041 | 3.723 | 39.89 | 1.3815 | 0.1650

16.00 | 6751.7 | 2.157 | 0.808 | 1.451 | 3.007 | 3.816 | 46.52 | 1.4736 | 0.1760

17.00 | 8921.4 | 2.376 | 1.038 | 1.441 | 2.976 | 4.014 | 55.24 | 1.5657 | 0.1870

Table 9 Result of Self-propulsion Test
Vs Vi Ry, FD ™ oM NM
t Wy Nr

(knot) | (m/s) | (N) (N) (N) (Nm) | (rps)

10.00 | 0.9210 | 18.36 | 9.06 | 11.48 | 0.416 | 4.03 | 0.190 | 0.361 | 0.987

12.00 | 1.1052 | 25.90 | 12.55 | 16.47 | 0.594 | 4.84 | 0.190 | 0.358 | 0.993

14.00 | 1.2894 | 34.67 | 16.55 | 22.39 | 0.803 | 5.66 | 0.191 | 0.354 | 1.000

1450 | 1.3354 | 37.16 | 17.63 | 24.15 | 0.865 | 5.88 | 0.191 | 0.354 | 1.002

15.00 | 1.3815 | 39.89 | 18.74 | 26.16 | 0.935 | 6.10 | 0.192 | 0.353 | 1.003

16.00 | 1.4736 | 46.52 | 21.04 | 31.53 | 1.117 | 6.63 | 0.192 | 0.351 | 1.007

17.00 | 1.5657 | 55.24 | 23.47 | 39.36 | 1.378 | 7.27 | 0.193 | 0.349 | 1.010

Table 10 Result of Full Scale Prediction

U Crs Ca J t Wy Wg Uk Mg Mo Mp
(knot) | (e-3) | (e-3)

10.00 | 2.022 | 0.587 | 0.617 | 0.190 | 0.361 | 0.284 | 1.133 | 0.987 | 0.685 | 0.765
12.00 | 2.013 | 0.613 | 0.618 | 0.190 | 0.358 | 0.284 | 1.131 | 0.993 | 0.685 | 0.770
14.00 | 2.008 | 0.636 | 0.619 | 0.191 | 0.354 | 0.283 | 1.129 | 1.000 | 0.686 | 0.774
14.50 | 2.017 | 0.652 | 0.618 | 0.191 | 0.354 | 0.283 | 1.128 | 1.002 | 0.685 | 0.774
15.00 | 2.041 | 0.682 | 0.616 | 0.192 | 0.353 | 0.283 | 1.128 | 1.003 | 0.684 | 0.773
16.00 | 2.157 | 0.808 | 0.607 | 0.192 | 0.351 | 0.283 | 1.126 | 1.007 | 0.677 | 0.768
17.00 | 2.376 | 1.038 | 0.590 | 0.193 | 0.349 | 0.282 | 1.125 | 1.010 | 0.665 | 0.755
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Fig. 20 Speed - Power Prediction Curve (at NCR)
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Table 11 Speed & Brake Power
Ship Speed 3 =E A 7]& LR1 Tanker FAES
(knot) (kW) (kW) (kW)
10.00 2,040 -
12.00 3,489 -
13.00 %’399, 5,132 -733
(estimation)
14.00 5,496 6,415 -919
14.50 6,134 7,202 -1,068
15.00 6,877 8,160 -1,283
16.00 8,879 10,861 -1,982
17.00 11,935 14,680 -2,745
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Table 12 Brake Power of CFD and Model Test (at NCR Power with S.M.15%)

Vg PB at CFD PB at Model Test Q X}
(knots) (kW) (kW) (%)
12.00 3,520 3,489 -0.89
14.00 5,519 5,496 -0.42
14.50 6,174 6,134 -0.65
15.00 6,943 6,877 -0.96
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