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Abstract

In order to evaluate fluid-dynamic performance of a practical ship with energy-saving devices (ESD) at actual sea,
National Maritime Research Institute (NMRI) has been making great efforts in CFD (Computational Fluid Dynamics)
research and developing the next generation CFD software which enable to compute flows around a complex geometry of a
ship in waves and in free running condition. In addition, flows around a rotating propeller can be simulated by using dynamic
overset grid approach. These new CFD software consist of 3 softwares: (1) G-TOOL & (2) UP_GRID for structured mesh
generator and overset grid assembler, and (3) NAGISA for structured Reynolds-averaged Navier-Stokes solver in overset grid
approach.

In this paper, the outlines of these next generation CFD software and the present status of fluid-dynamic performance

evaluation of a ship, i.e. ship resistance, propulsion, sea-keeping and maneuverability performance, are presented.
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PETHD. yaw EENOMEED 01T/ DFF (04T, 2/4T) TH, IERMHMENAELTEY, MEOE/LHCIIAE
WETTNDZ LGN,

—

u

08
o7
08
05
04
03
02
01
0

®3.3.2 Z2Hh—ME®PM(pure yaw) SHEAERICE TS, MAKREEND T E L DA DT
ETOERAFEESM. 0/4T (EL), 1/4T (BLE), 2/4T (ETF), 3/4T (ATF)

[X3.3.3 1%, pureyaw st COWMMKA O TH S, TS0, BITMOA L, SEEE Y OF— A > F A3 FER
LEMATRL —H L. EOKZ M- CFD HEIC LV, BB OHEE LT OMGEN ATRETH D = L 3
BENT.
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=+=X_EFD
==Y _EFD
~+=N_EFD
—X_CFD
—Y_CFD
~—N_CFD

3.4 ETOXRSOERESHE
WIROEB)Z & b7 ) FEEFFHREICEBNTYH, FHEAT v 7 CEAERZ HitE LRI 28 EAE T

7% (Dynamic Overset) % 25 Z &C, FHENARETH 5. TEEEMIMENIFAT CYFF) BEEM [HE oEE
TaNTERREE LT, HRRROBEMT 0 NI HE AT Y. K 340 ICRHER TOMEE R, BHHIKAT
BONDHAMFERNT, v XT7 7 L— REURADORER 1% 7 2 X ZfilH v ([Zaiiz S CHE 21T 72, X
342 ([ZAT A RO M RELORIRFERIZOWT, BIEAE HEOFFEER & ERER L MR T T

(Body Force) & DMtk k9. MAU 7' BT (2B L CiE, AEIET /WITF 2—=0 7 ST D7D
ICFEBRIEICA DB D03, AT A MEUCOWTIAFED L3, FERIEISTVGER L 22o72. ML 485
[ZOW TR BN K & S BIRDBEHET, Do HRIFME LRV -0, B FERDMAEDNETHDH. —H,
WZ T RRTEZREREE5 A I 2 L— 3 BB L Y, XTI OREREEZ & 5 25 72 DIZREHZ A
BN THORERDH D, ZO7D, ERNHOEEICHEEZITH) 2N, EHETEETHDL. £07D, &%
AT P COEAERFEF DML ERIEEFFHFEICBONTY, B - CHEZBILE L, FIU & T2 79 5 Full
Multigrid 5% T IRE & T2 BHR 21T 72 2. UK (Coarse grid) &, 23+ (Fine grid) TS M
AR X 343 1 RT. RERIRS MO T CRA 21T 5 BN H DA%, FHRBIAIRHIHL S - CfTH Z L T,
R E RN EM ATRETH D

K341 TARSEAYDEERFLER (£), TAXRSHBIOHAE (H)
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10 : : : : i .
0.9 |------------ R aaEEEEE —KT(Tank Test)
0.8 |------m----- O -==-10*KQ(Tank Test)

o 0.7 [------------ S — — - KT(Body Force)

¥ 06 [TTRswao oo — - 10KQ(Body Force)

= ", i i .

— 05 |- I U KT(Dynamic Overset)

© | Y |

o :

3.4.2 POT 5t&E#HER

X3.4.3 Full MultigridIZ&bBfiIaL—3> (H:Coarse grid, % : Fine grid)

4 CFD 7—% < 3 v 7' TOKY02015 (ORfE

4.1 7= ayvTOHME

Tokyo 2015 A Workshop on CFD in Ship Hydrodynamics (3 2015 #isfifi CFD (ZBd9 5V —2 v =3 v ) 14, 2015
12 A2 HvD 4 BICHBEAFCRIE S 7=, A CED ICRE 2 U — 27 o a v A%, HlEoE x5 - RSt
EED TESIEDFREEREFFH T, FRAERE & - MRET 2 2 L2 L0, A ) 70823817 % CFD
FHRBEMOBURZFMT 5 & & bic, RS % OMM CFD O Ttz i#EmT2bDThDH. KU —7
¥ a v 71325 1980, 1990, 1994, 2000, 2005, 2010 4F & UEIE 5 AR BfE ST & 7=, MEEHFIT 1994, 2005 4EICHE
WTAED 3 BHORA "ML D.

AEDOT—7 >3 v 7T, RO T—27 v a v 7 CatExIG e LTE a7 R KCS 12Nz T, =t
TNAIRSAAIZ T2 CFD FHR ORRGEFN M 2 O IZBHFE L7237 %+ U 77 JBC & K[EBRZAE ONRT % 87
M E LTEA L (X 410, FHRESEMICOVWTE, 2k T CE 7 HBIHEREC B TIERE DA %
T, HItHIREECORREL - #EtEMESE UBC), £ ofiniisES) (KCS), #iRF O HHEMTAE (ONRT) 24 H7-
WCRRE LT, TNHOT A Mr—RZX LT, #ET15 7E30 74— D 100 ABRZIL, 2T 4 A
T va UM Tz,
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R -

Japan Bulk Carrier (JBC)

R . -

KRISO Container Ship (KCS)

'J_;;;

ONR Tumblehome Ship (ONRT)

411 HRmE

4.2 TART—2R

JBC T, MEF 7 NOFEDOMGFIZONT, it - BMEHHRAXIGE Lz, PR T, IRUTE R ONEE
(sinkage & trim) W ONZEHE OARRED ST & & HIZ, IRRBICEBT A & SPIV IZ X 2 FHAREF & Dbl T
bz, BMEMR T, #UE, Ky, Ko n (BEEE) FROZN D ORMEN ST & & BIZ, HEHEIEFE SPIV
FER L OGO LEMT b, £, B REZ 7 FMEL) REETOMAREIECH) o ik b 1T
.

KCS TiE, AU —27 2 v 7 (G2010) 055 O RF GO 70— RV —X5HE, Pk
LR R O T ORMATEEN 3 (A/Lpp = 0.65~1.95) 12, Hii= (AR EATER (v = 0,45,90,135,180[deg],
A/Lpp = 1.0) 3>~ 7-.

ONRT TiX, FEARFWRICE SO\ & DO AFEF oA HATEFFE (y =04590,135,180[deg],
ALy, =1.0) DT AN r—RAL7po7z,

BUE, &y alOulaFIctd 7 LB rTF—2 a v BBRATRE Y THY, 2 TIEFOFNLES)NER
T 5.

4.2.1 JBC

HPEHEICBT D, EHUEE VBB OEROEFMEE FF 421 107, FHREE & ERIEDOEE 7T E%D (35
E-FHRE)/(EBRME) OFEE, HPUETIZ 1% RETHY, 47 SOFELEE5 L sinkage 1 2~3%FR/E,
trim (% 1% & 72> T\ D, BRETRICE T 51 —t,1 — wOREROEFHEE K 422 1T ETFEHE (R
HFA) AR ET L (FFPBF) T, AEAERIGED LRSI

4.2.2 KGCS
RO 1HIE LT, MR oRFHNEZR 42.1 1277, KNG O EONVEMENER, FHIE R T &
NTWD. FHEOFMEMNIE R OFE N K DG MEOER 288 2 TV D 2 EBNnD.

4.2.3 ONRT

ONRT T, oM DM EIZOVWT 6 HHERmiERE TNz, #ilk LT, heave & pitch D 1 IRDIRE
MBIV TR 422 1R, WiH & bSMEOFEIER L L —HK LT 5.
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#=4.2.1 JBC DEMGEDESER =4.2.2 JBCOEMIAEDENER
Item Without With
Item Without With Duct Duct
Duct Duct
Experiment(D) 0.804 0.811
Experiment(D) 4.289 4.263
Mean(S) |A | 0.800 0.779
CFD | Mean(S) 4.243 4233
C:(10%) 1-t BF | 0.799 0.808
Meanof | 1.06 0.70 LD
Meanof |A | 0483 3.972
E%D
E%D
. BF| 0.615 0.415
Experiment(D) -0.086 -0.086
Experiment(D) 0.554 0.481
i CFD | Mean(S) -0.088 -0.088
sinkage
Mean(S) |A | 0.548 0.485
Mean of 2.1 -3.13
E%D 1-w BF | 0.543 0.468
CFD
Experiment(D) -0.180 -0.180 Meanof |A | 1.229 -0.779
E%D
) CFD | Mean(S) -0.179 -0.180 BF | 1.992 2.756
trim
Meanof | 0.62 1.26 A: Actual propeller, BF: Body force model
E%D
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1.500
15.000 - - - EFD
B —&— Ave Submissions
— 1.000 F
: <
10.000 F N 0500 F
[
< 0.000 L
[ uldegl o 45 90 135 180 225
5.000 [ 0.900
0.700 F
=—&— Ave. Submissions = o500 F \
0.000 2 2 I 2 " 2 M " " 2 é
> 0300 F
0 1 ML 2 3 0100 f--®-c€fm
—a&— Ave Submissions
-0.100 2 s

uldegl o 45 90 135 180 225

4.2.1 KCS MERhEHuEmM (Fr=0.26) (F%
R EERME, BER: EBMEOKR) B4.2.2 RALKFZEMITT S ONRT DHEESID
1RIRNE (E : heave, T :pitch) (Fg#s : EER
B, g : SMEDOFYHE)

4.3 CFD EifTFAFEDEE

U—2 v a vy 7T, BBMEITK LTNS YA N—OFELFHREFFEIOWTEERIC T v r— h 2 L o7z
ER L CTWA NS Y ANR—TX, A—7 Y —ADa— R TdH % OpenFOAM 73 3 42 CTIZ-OU T submission &
NTHY, JBC TiEEMH=— K « inhouse =— F + OpenFOAM 23 FIZ[F UHIEGTH 7=,

FHETECE LT, KvA 2 VXE D r— A2 T, LES (Large Eddy Simulation) ¢ submission 73 & - 72
ftt, HEFERAIL, VoF 2%\ Level-set (2 X% Capturing method CREHIEE) NFLEAETHH-TZ. EIRET
JUZDWTHE, ALV 2 HTERATHYTH D L o R E b,

BAHUCBI LTI, BiElOY—2 > a3 v 7T, 300 7' VERE CHBTFHRIC I T 4%FEEE O RS B NI A5 T
DUME > TV, AR JBC OEBIFHE TIE, 1000 HE/AFREE Tl Ligne, 4%DREENICERERN
IWEHRNWZ LRSSz, ZHUL, IBC BRIEIO T —27 >3 v 7 THUVZ KVLCC2 (T A TR BAEKRE AR X
W2, MYRBIZTROHER (3 WoTRIBER) MR AET HEMERIIUCR T2 EN—REZZbND. 5B LHR
WAL OBHE ST, FHRIIRHRIC e A RTREER &V, 2R R TIEORRC, BER EORGEENTh
nNTn o LEBbhs.

HBNE DOFERIE, Proceedings Vol I LU VoL NIZE LD HNTND D, U—2 v g v 7 COMmMNE &I E
Z 7= Proceedings Vol. I 23BIfEY — 7 3 = 7' ® Steering Committee (2 L VW fiFeH Th 5. WEIOT—27 23 v 7
2020 FEEICFES DO TETH 5.

5 HEME

W BN 22 ERFZEATE, 2004 4E0 5 4FT CTRE%E L7= CFD Y 7 b 7 = 7 Z[ENTEIRATE 6 L CHE TR L
T&E7o, BlEHEE 20177 ADIE, FHEBIC T HAMInOE = MEREOHEE A By & L7z Ik CFD v 7 K
v =T & LT BERREED T DA ARG L= 7 1 7T AOMEEBIlA U=, AT, ikt CFD
V7 Y= TIZOW T R O R A S LT,

St AARDOIEMBIE BT 5 =— X2 LT, ffinH CFD OMFFERRT Akt L, ¥ 7 b U =7 DI
AT & > CEWNEERSIICHERE - 1 EICERT 20T TH 5.
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