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ABSTRACT

Concept Design of Sail Cruiser

Kim, Hyun-hun

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

Department of Naval Architecture
& Ocean Engineering,

Graduate School of Chosun University

In these days, by the influence of economic growth and of living
conditions improvement, cruiser traveller is increasing rapidly. By the
effect of this increasing demand, various types of cruiser is developing
now.

In this study the concept design of western traditional type cruiser
equipped with fuel saving sail which might devote to increase
comfortability has been performed. Main particulars of design ship were
determined by statistical values. And the hull form development has been
carefully carried out considering the design points such as high service
speed, severe criteria for stability, and complex design of appendages.
This study has been performed optimization of hull form using CFD code

about variation of fore, after hull form, bulbous bow, propeller height.
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Fig. 9 Body plan and Sectional Area Curve
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dp 8727-
0x;
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oy,

Tij —

turbulent eddy viscosity v, 0l

SENHXO0D v=
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O IJ10ll A
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S84
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Y
<k
0
KO
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(4-4)

V=

eddy viscosity coefficient

Reynolds =#=0l1, turbulent

R

Realizable k—e

180
0
Uk

—_

)

otLt
k—e 28 Z0UA Standard k—e 2EO0|

==0l M= two—equation turbulence closure@l

i=2)
[—

=
—

&HOIL A

st

[0
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T 2 HEg dslMd £E2 ZUE == A2 LHA
Realizable k—e ZEZ AIESIRUCE. O0l= Reynolds stress tensor2
realizabilityE 146t JHZE Reynolds stress SEZ2FRH LH & 2I429
Z0{0t3t= two—equation turbulence model2l GtLIOICEH

HlnE tha=8t SEHC! standard k—e 2E0UHAHE=E C It & 0.092 ol

r

atS == BHH, Realizable k—e 2 0M= (It shear strainit vorticity2

HE 232 FRUAMT, HU8lME M =52 201 HHO
0

=)
O
J
- M

S ZH0LOF BHCH= no-slip X240| BHEE0{0F BHCH 01248 X2t S0
2 sg2s2 =¥ 2[UME 2 2SO0 3N MAS 2

n
SANN

ol
=

low—Reynolds number model &&= near—wall turbulence model2 AtEZ

StCH. ALt 018 ZHZol)| foiME 80 0l JIE A | At
SHOI0F G| =20 CHEHS| 22 49 AXIF ZREHD, =X HAS 2
el ==X (convergence) ¥ Qt& M(stability S==robustness)0l 2 A

Hong o
o o <2 u

ANe & 22 Hd=20 S20tH S0, 8 ==20Ades =X A& &
SANSIHANE g4 BHGH)| RolM SN EEE AXN0NA R
HZE 0I20AM Z2l L&l HEHZ(law of the wall)2 AIE5HI|I2 &t1, &

=
S
0z
b3
(=4
s
=4
J
$0

= Launder and Spalding's wall function(LSWF)S

4.3.4 BH ZE21(Boundary Conditions)
| [UUA 2tETHHOISHE KIBHEE A Q! LaplaceZHE A2 Ef
A& Al(elliptic equation)2l SEIE XD U200 0] &2 EIAE 9H
SFEd2 sdMe AWML SelS4S0l =HE2ZM R

&

H =L R8s gdFots d82 2H0 JAHN FSZ

L
[
30
Om
2

0

Jz
= 1o o

S SdMe &
He MRr=H, dHMZEHE, J20 HdH0A S8 R0M =SES SciMll
Ae FeHEA0IU, FsEO0| BIEZAHHS s B2 HIYEHE LIEUW
O, olo CHet erdel A0l et FH AA2 UsSh 20
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H4 2

ol

4.3 =Xl

4.4.1 Potential flow H&HZ Dt
CFD code@! SHIPFLOWE O0I&0ct0 Hatel ZHESl wave patterndt
wave profile2 Ct21b 20| Fig. 11, 120 LIEHLHA D, SXEHH = EZSt=
AHAIZEL= Fig. 130 LLE

Wave patternOilAl 20l= Htet 201 &==20A = It o
Canceling0l & &1 U220 Wave profiletil A A& 2| ForeRE2 =3 ot(

SBCH 2#0st Wave

RFESE A HIE0l Lot

Fig. 11 Wave pattern around a model ship for cruiser

Fig. 12 Wave profile
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Fig. 13 pressure distribution

Pressure distribution2 &< Bulbous bowdl 2|t &=

MECE =2 A2 UEHHLH

alil

2.07e-001

3.49e-001

-2.10e-001




4.4.2 Viscous flow Hl&HZ 1}

S0 222 meshE Ohs1F 20| Fig. 142 Fig. 1501 LIEFLHRALCE.

Fig. 14 mesh around vessel (aft part)

Fig. 15 mesh around vessel (aft part)
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HO0IRE22 5 9e S5 55 vectorE 22 Fig. 162 Fig.

EFLHRACH. AP(Station 0), Station

1, 2 =
SHe s&0l et D2AH 226t A= XS =g = UL

(a) station 0

(b) station 1
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(c) station 2

(d)station 3

Fig. 16 Axial velocity contours for cruiser
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4360001

217200

6510002

(a) station 0

106e4000

(b) station 1
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(c) station 2

(d) station 3

Fig. 17 Velocity vectors for cruiser
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1801 = AloHRA

S01222 Turbulent kinetic energy contoursE Fig.
Ct. AP(Station 0), Station 1, 2, 3 HUHAS HOIEHAL HFOHUHX 2%
[OL AP HOIA

S0 Oetd DEA 22EStD U

2HFH &HE
Sz X =01 0Lt A

HatE
Skeglll SJoff S22 %
ULCH ZZ2EH EH Al =25 Rot= A=It & A0ICH

(a) station 0

(b) station 1
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(c) station 2

(d) station 3

Fig. 18 Turbulence kinetic energy contours for cruiser
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4.43 BANH RS0 (EHP)2 H At
CFD code® SHIPFLOWZ 0|88 M&9| %
M S Table 40l LIEHHY D 012 HIZ2Z2 RE0I212 =L

o

Table 4 Resistance Coefficient

CF (Frictional resist. coeff. ) 1.649E-03
CPV(Viscous pres. resist. coeff. ) 1.556E-03
CV  (Viscous resist. coeff. ) 3.204E-03
CW (Wave resist. coeff. ) 0.712E-03
K  (Form factor ) 1.323
S (Wetted surface / L#x2 ) 0.173

MO HHMEAH=E ( Cpy)
Crr= Cyar T Ciny (4-14)
= 3.9168 x 107°

Aso FHMEHE ( Cpy)

Crg=Cyst+ Cyg (4-15)
= Crs(1+k)+ Oy

(loglOR,—2)?
=7.755%x107°

AL RS0t ( EHP )

1
Ry= CpXx Epsvz (4-16)
= 770.503
p : 1.025
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s : 1830.3 m®
v @ 21knot (10.8 m/s)

EHP= R, ¥v (4-17)
770.503 x 10.8
8.321.434 (kW)

HAE EHP= Al(4-17)0 25t0 8,321.434(kw)& S & == UAD, 0l0l
Hot £501 E EHPE F=dotH Fig. 192+ L.

20000

18000

—l— Design ship

16000
14000
12000

0ij 10000

8000
6000
4000

2000

20
Speed(knots)

Fig. 19 &0 & ==0tH
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4.4 Sail2l 2

Mastel =0l et &Y (Square rig), =Y (Fore

Ship typel} Brig typeOl UCH.

ZHM2 Maste 20 boom(Z2 Z2M), gaff(I2 M) E
A

Ship2 WKHEXQ &"AMoICt. MEHHM(full rigged ship)0l2tDE
Ship2 Mizzen mastOtd &= A =06t] 20| spanker sail 8 &4

HXOl BXNHMOIC =20 & S50 ZHs=0l Halsiol T2 o
X

M o
o

00
oa

(2) Brig

2ol 2 2o EHEXIO 28 UIAENMSOZ Brigll HAE2 28 &l
E XUECHH & = UYL, s dE2 iR g0, SA0M S2H 3dAl
2 =& AS otZ Soi=0l FHOHUCLE main mast2t stern mastll 25 &
HES E=6tD main mastll spanker sail2 &=&HCH A0 2YA0|2tD
g = UL

(3) Bark(Bargue)
32 OIAEN fore mast @ main mast Ol= &8 S, mizzen mast 0=

gaff @ boom 2 JtXL U0, KI|0l gaff top sail 2 spanker sail 2
XX+ E|,

(=2

o
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FolD  mizzen

(4) Brigantine
fore mast2 main mastlll=

30Hel OIAEN
mastill= gaffet boom= JIKNLD USMH, II0l gaff top saillt spanker

sail2 &=tstlh.

TH= Xb
So= o

(5) Barguentine(Barkentine)
P2 D main mast?t mizzen mastll=

e X
four mast barguentine0|

fore mastOiigt HS
X8t 32 OIAEKXOICE 4002 OtAEE I8l A2
ct1) SHCh
(6) Stay sail schooner
22 OIAE 2% ZH= &Xl, main mast Jt fore mast 2Lt 22F =Lt
T= 22 0AE OI4Y M= OLAES =010 HE L.

d. Brigantine

c. Bark(barque)
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l

f. Stay sail schooner

e. Barquentine(Barkentine)

Fig. 20 Sail Type

A2 HHE0 25t Mol E= S 2&(lift) 0l

(i) 22 M2 2 & UCH

(4-18)

o
Je
=
N
Q
QO
Q
(@]
o
e,
5
(0]
5
=

(4-19)

(4-20)
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O, SSEHX(2HY)
+ &= O}
. o

=

L BII9 By

in
@
I
e
~
&h
WOJ
e
rr
08
S
1o
O
o
ns
i
~
N
(e

q
P
V. ﬁ—E(ft/SGCQ)
S ohel eHE(ft)

go - HLDE 0 ftOlMS Z=2ItxE =32.174ft/sec’

4.4.3 SaillgEiol HE &S H =2 LA+ Hlu

2 =&2 Sail Cruiserfl M0l= sail2l = HEHAN M0IH =30
Selet &9l shiptypesS IHERGHACE.

Table 5= SalZEH0l [HE SSEH =2 L HSE LIEIHAUCE Table 50
LIEtH H==2 20l= Cis 20,

CDO : minimum drag coefficient
C.  maximum lift coefficient
‘M

AR : Effective aspect Ratio of a sail
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Table 5 SallEE 0l HE S A+, L A=,

fol
i
(S

' i
-1 i
!
J
I
| 1
|
lil
TRADIT. TRADIT.
RIG BERMUDA
SQUARE GAFF WINGSAIL
TYPE RIG
RIG RIG
Ch, 0.13 0.08 010 0.02
C; 0.9 1.15 1.1 1.1~1.4
AR 0.5 2.5 1.6 2.5
Table 5= 20 SEiCl Sailtl X&dt= &AH(C))2 SHAA(C)), sall

o SEHI(AR)S UEIHACH 0IZ 0I856t0 Thrust coefficient(CpHs Al

(4-22)2t 201 LIEtLHRALCEH

2

C—{l—l(l—ksin%)ﬁQ}C’ sin¢—{0 +i}cos¢ (4-22)
2 L D er AR

o= (2n—1)( Ly ! (4-23)
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o Cp &2 UGS 22 A0l 2ot =& L

p, t 212 L&

U : relative wind speed

S osailel HA

¢ : relative wind angle

B : heel angle

A2 =22 MOoIH, &0 TE thrustgts

Table 6, Table 70 UEHHUCE.

_46_

Cp=ARV1—sin’psin’g (4-24)
x/lv(s)dssinqscosﬁ
—{Cm+ARf v(s )ds}cos¢
:AR{l—%(l +sin ¢)5}
X/IV(S)dSSHMﬁ
{C’DO+AR/ y(s )ds}cosqb
+0(3")
19 Ot Al(4-25)E 01236t aerodynamic thrustE AFEGHACEH
1 | [PRRPUR (SO L
Ean S[{l—;(l—ksm ®)3 }CL81n¢—(Cm+ e7rAR>COS¢ (4-25)

Q|9 Al(4-25)Z 0|=25tM



part
) @ ©) @ ® ®
v(m/s)
1 37.309 26.283 135.834 26.283 122.773 26.283
2 74.618 52.567 271.667 52.567 245.546 52.567
3 111.927 | 78.850 407.501 78.850 368.319 78.850
4 149.236 | 105.134 | 543.335 | 105.134 | 491.092 105.134
5 186.545 | 131.418 | 679.169 | 131.418 | 613.865 131.418
6 223.854 | 157.701 | 815.0037 | 157.701 | 736.638 157.701
7 261.163 | 183.985 | 950.837 | 183.985 | 859.411 183.985
8 298.472 | 210.688 | 1086.672 | 210.268 | 982.184 210.268
9 335.781 | 236.552 | 1222.506 | 236.552 | 1104.957 | 236.552
Table 7 &0l (H2 Total Thrust
v(m/s) part T(kw)
1 O+ 2+ B+ D+ B+ ® 374.766
2 O+ 2+ B+ D+ B+ ® 749.533
3 D+ @+ B+ @D+ B+ ® 1124.3
4 O+ 2+ B3+ @D+ ®+® 1499.067
5 O+ 2+ B+ @D+ ®+® 1873.834
6 D+ QO+ B+ D+ B+ ® 2248.601
7 D+ QO+ B+ D+ B+ ® 2623.368
8 DO+ @2+ B+ D+ B+ ® 2998.135
9 O+ 2+ B3+ @D+ ®+® 3372.901
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Fig. 21 G.A(General Arrangement)

_48_



= g2 X2 JI=20] e IFXHe ey, HOAME, U5 S
8oZ Sals EHELZAM WEY, Hd5EZ, MEsS, MAS deld REgE
o =3

= Sy 3
2E(sYH)E2 MR, M0 BATIESI(Bow sprit)dt 28 OFAE A0l Stay0l

A 21 =H &23t1), Mizzen mastlil= spankerE& & &0HQULCE.
SHIPTYPES F==2 UE AN M

Ol, =30 Reclot) Zdsi=d Helst E
SEX U A= CPP(Controllable pitch Propeller, Jt
ArZE = e JIgHo EEz CIAtelch 2 UL
DECK= SUN DECK, LOUNGE DECK, PROMENADE DECK, CABIN
DECK(WATERTIGHT DECK), CREW DECK, DOUBLE BOTTOM2=Z = 64
O] DECKZ FHTIULCH.

Deck®] HH / WHEIFTA4 £ HiX

. —_ SUN DECK .

(15200mm.A.B Line at C.Line)

>
010
il
0r
o
o
ﬂ
_O'j
X
4
02
HE
i
i
=
_O'j
4%
[

» SUN DECK -& &A1t XE}

_49_



PROVISION
STORES

LUXURY CABIN
i

'/—‘:‘F’:P_E;ﬁ’qéﬂ A “‘J_“'| bl £ E71 [ 1;'_:_; ;—1‘ “-. o
= AR r: g'!‘ o 0. l)\i,..
B AN COE s e =
GEARROOM SAUNA
SICKBAY
FITNESS
REFR WATER
PROVISION SPORTS
PLATFORM
» CABIN DECK(WATERTIGHT DECK) -24742| LUXURY CABINIZ} 6742 JUNIOR
CABINOZ TASEQAUCH SAUNA, FITNESS S 3 HZ22tS BotH 0188 4 U o
ACH, AZHD, URAZ ) SS HHRIGIRACH
OWNER'S
STATE
DECK ROOM
5 | F SENERATOR
r ROOM
= SRl — e
== Lﬂ _“J -- — L i! = = ==
7 ol el |l
PR STORE LIBRARY
: A.C.PLANT
» LOUNGE DECK -Z|[§8t 22+ ZES 2I6t04 XA ZXQ L0 SUCH =
AN&Z22 DECK LOUNGE, A2ZNEA, SSTUMA, HAHA, 504z PAGHACH

500mm A Line at CLmE)

LUXURY CABIN
-t —__ PROMENADE DECK
——— 3

PURSER'S
OFFICE

» PROMENADE DECK -STATE ROOM 16JH2t LUXURY CABIN 2H2 FHEZIU2MH,
?/ot0 DINING ROOMES SIZ0il HHXIoHACH.

st
S=

sailing& o otet
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BOW THRUSTER
CREW MESS ROOM
& DAY ROOM

ENGINE STORE

: ~——-—__ __cREW DBCK__
il et | (4200mm. A B.Tine)
4 Fh e

SWITCHBOARD ‘ CONTROL ‘ OFFICERICREWS ‘ PAX LAUNDRY

ROOM LAUNDRY

ELECTRIC
WORKSHIP

» CREW DECK -2 &42E 28 HFE7AD PLANUCE S YSH, 528

o HAa= 3402 FHEUCH

AUXILIARY
MACHINERY

LUBRICANT OIL SEWAGE
MAIN ENGINE ROOM | TREATMENT

PLANT

~=DOUBLE BOTTOM ..
(1400mm.A.B.Line)

'
b i
|
|

FUELOIL

F.O. TREATMENT PLANT BALLAST
WATER
FRESHWATER GENER &
TREATMENT

» DOUBLE BOTTOM -I&lE, BALLAST TANK, S8 % ot=Xel S22 FHLA
Ct.
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