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H503N 7500m* LPG Carrier @ CFD Z L = faE B

7500m® LPG Carrier Mfia%! % CFD (Computational Fluid Dynamics: #{ERADE) ZHLT
MAREOEN. MEARAYORNE L R ZFFME L AN S LTz, S5IZCFD TROM
KIEMZKEHERIE Y (EFD) DIEHICE#: LEMDHEEEREL FRIL 1=, CFD & EFD ®4ERIC
[FKEARBRIERDOHSETEBLEAFELU L -ROBRERBER:,

DUTICHERERES K CHEEBEIC DOV TERT,

1. AEMEOKKREIERSH

AOMEERR. EBESNLIEIHRBER LI VHEERIRDLEEYTH S,
fatk

EREIRS 113. 000m
ot 19. 000m
BRS 8. 950m
FHIEBEK 6. 750m
EHE
FH 1 &

FAHF: 3300 kW (MCR) x 178 rpm
WM A 2508 kW (76% MCR)




2. MEREOBME

AME 1 E 1 &1 A0 7500m® LPG Carrier ThHd, MEIZ/NILNRNDZEFL TS,
AMOMEEZHRFT LT, BELETNIEA LAV AL Scant | ing KREEICH (59 —E
ARE—RETONVEEBOBRKIZCEITHAMETH o1=, Scantling KREEL TO/UTE
BEFOMEEKIEH 1.6m BEDELNH D, BED/NILARNIBIKTIE—FDEKTH
REREBTELLIICHREFTEE. L5 —FOBRKTHENREELIBNNH D, TD=OH.
AMDOMBERIRIE, SYBLLWEETHZ TO/NRVEHBOBKIZ/NLARNYIDESE
FEL. Scantling KETILRYVIYERL T A/ ILNR/NTEDBKBOTI U SV
AAEHRAIZT DL SITE LIz, £, MEBKRET U F—ETHd., BEMRIL.
Scant|ing REEMDEHERE 90%E . —<—2 2 15%ITHLVTH 13. Oknots THY . 7
A/ UFEEBFOBIKIZHENT, EHH F1 2066kW 0D & =2 13. 8knots LLETH B,

AOMEEZHKET 2307 FMIEER - EMERORETH S, EERGHREICT
51286, BEZAONERAFHEOFTEENDNSCHEEZ LS5 GEMEERDIz, ZD=H. &
BHERANS OVRB LG o 12, BEZEOAR—IAEROE-OHMEZEZ SR TAER
53, HHEERAKREVVRE Lo, LALENS, COMMEICKYRELI-REAT
FEBLETORSTRNTZES LS LUMEIL—LBKRERD., ERGME L o1,
IKFERERZ = L =B L ver.  THE M., KERERICT, MEICHEBORAEDH LN
=1z, &EMEIL ver. N &g o1z,

ABEETIEDHEZAVTHE L zME ver JIZDWTRET HFTEHETFKRIC,
MEERETOI74)L, EERS LU Cp ARZR 1 12T,

&1 KIERERME ver. JOEER

fREY H503N

Scale 145697

REE SCANTLING PROPANE LOAD BALLAST
H4A4X Efh CFDETIL E CFDETIL Efp CFDETIL
Lpp [m] 113.000 7.7558 113.000 7.7558 113.000 7.7558
Lwl [m] 113.000 7.7558 113.000 7.7558 113.000 7.7558
B [m] 19.000 1.3041 19.000 1.3041 19.000 1.3041
D [m] 8.950 06143 8.950 0.6143 8.950 0.6143
df [m] 6.750 0.4633 5577 0.3828 3.870 0.2656
dm [m] 6.750 0.4633 5577 0.3828 4735 0.3250
da [m] 6.750 0.4633 5577 0.3828 5.600 0.3844

trim [%Lpp] 0.000 0.000 1.531




3. CFDEE
3—1. CFDEtE

KEREZZ L1z ver. JIRBEDERERZ L —A VRPN Y 7 k™ 70 “STAR-CCM+
ver.13” ZRAWTEHELf-. ZDEtEIX RANS(Reynolds Averaged Navier-Stokes) [ZH
DTS, MERAY ORAZHMERALE L TRYIRDENMEFICHEIT D, LizH
STHERFEMNMERICEELZEZA D, F-RBEO—MOKREAL L TRETILAALS
nd, FREICAVEY—T I XETIVEMIE, i, ELDOF—ILE LTz, BFRITEHE
B SRR EZE L TH O30 ARFE LTz, MARITHERT LT, MU LIZBERE
Lizo LIzA > T MRICK DMEET. b LEEBELFHEICEEINTL S, Scant | ing.
Propane draft. Ballast {REEIZHLVT. Fn=0.1761 , > Fn=0. 2503 OEFHHET 7 5 (#
11. 4knots H 5 %9 16. 2knots 84) DMFEIC DOV TEEFTLY. MAR Y OiFh (FRiR.
ER) RUMIKIZEC O (EHhHSw) KT,



Sl ver JMEBEDBEMERE S —AVAPIMY 7 b7 = 740D “STAR-CCM+ ver. 13”
FRAVWCEHE L, BFHIEHN 1100 5 & Lz, sHEMEEIIE. MRIZKDSU5—D b
JLBLUMABRYDEREZZEEL TS, TARSIERERITORSERICKDT
ARSHEBHAETILEZRAL. 7ORSOFTEBE S & CEMMREILEREMOKEHR L
B—D3HDERALI, Scantling KKEEIZTFH LN T . Fn=0.2009 (13. Oknots #H ) .
Fn=0. 2132 (13. 8knots $84) MAHRIEIZDLVT. Propane draft $KEEIZH LT Fn=0. 2132 (3
13. 8knots ) DMFICDWTEHEZTL. TORSEFFOMALZITHiER. 7O
RIDATRA b, LI BLVEEEHERDT-,

CFD St EMRER Z KRR DOIERICEMRT 51-OICHEREMD CFD FHEREE & kg
BRERMNOHEBERBET RO, STERELZXR1IC, HEEEZXR2ICRT, SAEICAL
HFER2HA LR 6(ZTRT AMEEZE Tl Propane draft JREEICDWNTHOHEET 5,

#x2 CFDEHEHRTE

HEa—K STAR-CCM+ Ver.13
BFETIV EE BN
RETIL RANS
BEEETIV SST k-w
BHEETIL F4>—iE*8. VOF&
EHETIL |DFBI (Heave, Pitch Free)
sHEeE #&?ﬁ:\—?%j-“)b()—#ﬂi)
Bl ZILETIL ()
BF EEERF- LD
O #E_E#i‘i 530 518 F
Bl #1100 5#&F
LA/ ILXE 1.22%10"~1.73%10’
ZIL—R# 0.176 ~ 0.250
SORSEE Efa _ 4.0000m
CFDETIL 0.2745m
CFDETE R
EEE BMETE
X -2.3Lpp ~ 3.3Lpp —2.3Lpp ~ 3.3Lpp
Y 0 ~ 23Lpp —2.3Lpp ~ 2.3Lpp
Z —2.0Lpp ~ 1.0Lpp -2.0Lpp ~ 1.0Lpp
HE (XY, 2 = (AP0,dm), Y : EfEAIE




X2 EtEEF (STAR-CCM+)

X3 EHE#F (STAR-COM+)
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3 — 2. CFDitEHERDFEAZE
(1) EHHH
MABIUNMYMEELOEELRED 2 FTERTELI-LDOE

Cp=(p-po) /(050 VHEEZEL, KIREETITEMICENEMES, 72720, po (X HEFR AT
FOENTHS. MERBLOEASFOBFTNES TEETHY. AL TIENH
MSARD NS, o THARTHEEBTIEHE NI EH. MEEREBTIEERIZLRS,
—H.FVEPEEETHY. RAIOSRES LG MBIZANSIFRD HIZHED,
STHARTHE CTIXIEMIT DD MARFERTIEHENICTLDL £ BBEALERT
(TREDFBERNKEAGY  RADRBELOT D, HIT. EALENBONTHBLE.
REEZEIEFEONHY R L—RER NS,

(2) TR

FRIETDERNIMLDRAZEEERZED TEERNTIEIRNDERERT MRS &
UMY RE L TERREEOTHINERANFEET S, BENICKTIERERE
RIMLDAEEERELDEREFRZEENS, ROTRERBZIIMEAS LV MPO
FEICERYGGELVRNERL TV D, MAREORFARESMEAMITH L TERN
THHE, TRILFT—EELDEL ERANSVREEEZ S, FITRFRRRIZSRY
DRECRGEICE. IRLF—BRI S ERLREVVRETHELEER D, F-. B
DESRIBDERAILEA S ERRITBADL. TDHATRND TS F(ZFERA LA
BERNDEFL, MARANSHENDI AR DRNEEL, DD TITRIBICE S,

(3) KX
BRI RRAEEY DKEDREDFHTHY ., CNICKYREDIMITICEDERD IR
ZIRET D ENTESD . BRRIDO KTV TRENE BLEBI LIRS HMEL, F
R E QB ARKISIEWFE R T/NSGERIERMN/NEW, B in. fERTF DR ER.
RARFOBRBEIUMEIR TEITKALL., ThosmEAICAMN > THIEA SRR
REGHOTHER TE D, ILAUR D BIMRITEWFEE K T/NEL EREMA/NEVDRET
Hdo

(4) R/

TORSHMIZFETERERDEMBTERTIELIEZLOZHERE 1-w EEET ST
ThbH 1-w=Va/V[Va: TORSEHAREGTGR (m/s). V: MR (m/s)] THD. 1-w (E
BAICEYEGS ERAAOFRVEBAE 1-wHAKRE TARSEARD TN ELND,
—A. HRAAOFVRS EEVRNETRT . AIOMLETARSERAD N O EERRK
DERY



3—3. ME O

Ver. J iaBd o) CFD St E#ER DA 5., Propane draft tKAE Fn=0. 2132 (13. 8knots #84)
[CHEITHEBOEBHREZH T HLURS T, MEREAENSAS L VERHRZEZR I TR
9, Original IMEORKRDFERZH 7. I8 H LUK 10IZRT, MAEKREEADFICH
WCTHEIRODIERE (REDFEE) OmfEMN Original B LHERBZENSCHE-TULVS,
F-. MBWEASHEL TV AILBUROAELH AR LG >TE Y. ver. ] MEDFEH
HIEHRROMEARENTIND, MEBRICERARONDIN, EETIEBRET K
—I)LFOMEEBRMNO YA FAUD o o—FA VDMENRO N TS0, E
DEZHIBIENTETRELTWND, MEBHMNSHREL TV AILBUKIE. BiKES
MOKBABKOBHGELRICEIYFKLET S, Ver. ] MEOMERIL SILBURNFE
LTLBA, Original MBI &Y £ BIEA/NS W=, MEWHZEAIZFEZDKIE Original
FYMESLLHE-TWVD, MELEURIEBRKIELS S, FIEME M L LBNITER
INBLERINS, Ver.J REDTORSERNDERS AL, ELDTHRELHRB
NTORSEANICINE->THEY. TAORIHHEENERLE L TEIRT HEHERIND,



Ver. J s &

7 EHOSEHR (READ

Ver. J fia%y

Original fih%!
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Pressure Coefficient (Guage)
-0.50 -0.40 -0.30 -020 -0.10 0.00 0.10 0.20 0.30 0.40 0.50

WaveHeight [SLpp]
200 02

-0 0.4

H503N Ver.J Propane draft 13.8kts (EvenKeel, Fn = 0.213)
9 ver.d MARAMEHDH. ERRE LUV TOXRSERERS



Pressure Coefficient (Guage)
-0.50 -0.40 -0.30 -020 -010 0.00 0.10 0.20 0.30 0.40 0.50

-1.0 -0.8 -0.6 -0.4 -0.

WaveHeight [$Lpp]
.2 0.0 0.2 0.4

H503N Original Propane draft 13.8kts (EvenKeel, Fn = 0.213)
10 Original MAKREELLA. KBRS LV TORSERNERSF



3—4. EREH
EBREETREINIEREREENIERTH S, BB SEFER & BT DERH

b5, BEOHENRABRTHAVWONSEITEZERAL., 2ER,N SHELFIROERIER
R LEIRIENRBRE RZEH Lz, TOE. EREHRZRL CT (X Shoenherr X ZFFH LY
f=o &5I(Z. CFD TR ®T= rR EEAMD CFD & /kiEiKER$EE (EXP) DAERAZ AT,

JK¥EAERMEY (EFD) OfEIZZEHL 1=,



3—5. BMEXR
BfIKEED CFD S EIMODIEM R, TARSORXS A+ T, BfiAF OFY ELVKEE
ZoIalb—bhLIz, BMAF FEEREERMEDOLA /LR NI & DERIERG
BDESSFC) & LTz, THbhbE, RALRYILIDESHEMERERD S,
R-T-SFC =0
ZZTSFCIFKDEE 0. MFEVm, ;BKEFESNASRKXTRD S,
SFC = (Cfm - Cfs) x 0.5 x o x Vm® x Sm
Cfm, Cfs FZTNZNERRT—ILELUERRT—ILOLA / ILAHICE T L EER
EIRE T Schoenherr DM BRDOF=, HIY E-EEHHICHEITEHIRTIR M, FLYE
FUBMBFOEREZANT, BEOKERBRENERLFEZTEMEREZRD -,

4. EMOHEMEREHETE
EMMOHEMREZHEE LI-BREILUTORY THS. BUNFEHDHEEIZIL CFD A 5KRDH
t= rR (EFD) ZRAUL V= 2 RThMERE L=, ACT ILEMATIETRIES L=, BMESEL CFD
MoRO-EZRAWN =, TAXRSHRINU Fr— FZE DV, AEERBREIMAEAS &£
Vv7AnRINY ) —UIKEDOHERRETH 5.



[RfTER]

fA%Y ver. J ) CFD 5t E#ER

(1) Propane draft {k&
(2) Propane draft jK&
(3) Propane draft jk#E
(4) Propane draft jk&E
(5) Propane draft jR%E
(6) Propane draft jRK%E
(7) Propane draft kA&

3
BE
N
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11. 4knots
12. 2knots
13. Oknots
13. 8knots
14. 6knots
15. 4knots
16. 2knots

A-1
A-4
A-5
A-6
A-1
A-38
A-9
A-10



FREEE
NOMENCLATURE
(1) HULL
Lpp Length between perpendiculars (m)
Lwl Length of designed load waterline (m)
B Breadth moulded (m)
D Depth moulded (m)
Draught moulded (m), suffix a:aft m:midsection f:fore
Cg, Cb Block coefficient Cg , Cb =v/(Lpp.B.d)
Cp Prismatic coefficient Cp=Cz/Cy
Cy , Cm Midship section coefficient Cy=Aw/ (B.d)
Ay Area of midship section
Cw Waterplane coefficient  Cy=Aw/ (Lpp. B)
Ay Area of waterplane
Lcb Longitudinal center of buoyancy from midship in persent of Lpp
(for fore from midship(-)and for aft(+))
vhn Displacement volume (m®) naked
Va Displacement volume (m®) with all appendages
An Displacement weight (ton) naked
Aa Displacement weight (ton) with all appendages
S Wetted surface with all appendages (m?)
So Naked wetted surface (m?)
Sr Rudder wetted surface (m?)
Sb Bilge Keel wetted surface (m?)
| Immersion of shaft center |ine at propeller plane (m)
Hs Shaft center height at propeller plane (m)
(2) PROPELLER
D, Dp Diameter of propeller (m)
R Radius of propeller (=D/2)
Ae, E.AR Expanded area ratio



(3) RESISTANCE

Vv Speed of ship (m/s)

Va Advanced speed of propeller (m/s)

Vs Speed of ship (knot)

Fn Froude number IW1::P’/\[§QRL7
Rn Reynolds number Rn=VLwl/ v
Rt Total resistance (kg) C:=Rt/0.5,0 VS
Ce, rt Total resistance coeff. r=Rt/ p V2V %3
Ry Residual resistance (kg) Cr=Rz/0. 50 V?S
Cr , rr Residual resistance coeff. rr=Re/ 0 V2V 23
Ry Wave resistance (kg) Cv=Ry/0.5 0 V,S
Cw, ru Wave resistance coeff. rw=Rw/ 0 V2V 23
Re Frictional resistance (kg) C=R¢/0.50V2S
Cr,re Frictional resistance coeff. re=Re/ 0 V2V 23
Ry Viscous resistance (kg) Cv=Rv/0.50V?S
Gy, ry Viscous resistance coeff. rv=/pV*Vv 3

Friction Formulae
2.58
Cf = 0.455 /(1og 10 VLW% ) — ———Prandtl - Schlichting

0.242/ \/a =log,, (VLW% Cf)— —— Schoenherr

2
Cf =0.075 /[bg vl z.oj ———ITTC1957
14

Lwl :
Cf = 0.066/(log10 VEwl 2.03) — —Hughes

1%
K Form factor 1+k=Cy/Cr
ACe, DCF Roughness al lowance coefficient for Schoenherr’ s friction line in general
0 Density of water (kg.sec2/m4); 104.61 (15°C) for salt, 101. 87 for fresh water
v Kinematic viscosity ; 1.1883%10"-6 (15°C) for salt,

1.1390%10"-6 for fresh water

g Gravity acceleration (m/sec2)



(4) PROPULSION

n Rate of revolution per second

N Rate of revolution per minutes

J Advance coefficient J=V4/ (nD)

T Propeller thrust (kg)

Q Propeller torque (Kgm)

Kr Thrust coefficient Ki=T/ (o n®D%

Ko Torque coefficient Ko=Q/ ( o n’D%)

t Thrust deduction factor

Ws Wake fraction of ship 1-ws= (1-wy) *e i %Co*C3
Wi Wake fraction of model

ei Correlation due to the difference of Ship and Model ship
G2 Correlation due to the difference of propeller diameter
Cs Correlation factor to YAZAKI' chart

Nt Transmission efficiency

nr ETAR Relative rotative efficiency

ne, ETAP Propeller efficiency of ship

n, ETA Propulsive efficiency n=ntnrne(1-t)/(1-ws)
EHP Effective horse power (ps, kw)

DHP Delivered horse power (ps, kw)

BHP Brake horse power (ps, kw) BHP=EHP/ n

Cadm Admiralty constant Cadm=( A #3Vs®) /BHP

SG Specific gravity Y : 1.00 for fresh water, 1.025 for salt water



Pressure Coefficient (Guage)
-0.50 -0.40 -030 -0.20 -0.10 0.00 0.10 .20 0.30 0.40 0.50

WaveHeight [FLp,

Pl
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

H503N Ver.J Propane draft 11.4kts (EvenKeel, Fn = 0.176)

A- 4



Pressure Coefficient (Guage)
-0.50 -0.40 -030 -0.20 -0.10 0.00 0.10 .20 0.30 0.40 0.50

WaveHeight [$Lpp]
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

| D
H503N Ver.J Propane draft 12.2kts (EvenKeel, Fn = 0.189)

A-5




Pressure Coefficient (Guage)
-0.50 -0.40 -030 -0.20 -0.10 0.00 0.10 .20 0.30 0.40 0.50

WaveHeight [FLpp]
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

H503N Ver.J Propane draft 13.0kts (EvenKeel, Fn = 0.201)
A-6



Pressure Coefficient (Guage)
-0.50 -0.40 -030 -0.20 -0.10 0.00 0.10 .20 0.30 0.40 0.50

WaveHeight [FLpp]
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

H503N Ver.J Propane draft 13.8kts (EvenKeel, Fn = 0.213)

A-7



Pressure Coefficient (Guage)
-0.50 -0.40 -030 -0.20 -0.10 0.00 0.10 .20 0.30 0.40 0.50

WaveHeight [FLpp]
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

H503N Ver.d Propane draft 14.6kts (EvenKeel, Fn = 0.226)
A-8



Pressure Coefficient (Guage)
-0.50 -0.40 -030 -0.20 -0.10 0.00 0.10 .20 0.30 0.40 0.50

WaveHeight [FLpp]
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

| | D
H503N Ver.J Propane draft 15.4kts (EvenKeel, Fn = 0.238)
A-9




Pressure Coefficient (Guage)
-0.50 -0.40 -030 -0.20 -0.10 0.00 0.10 .20 0.30 0.40 0.50

gh|

WaveHeight [FLp,

Pl
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

H503N Ver.J Propane draft 16.2kts (EvenKeel, Fn = 0.250)

A-10



