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* Rouse and McNown(1948) experiment « Calculation conditions

— Cavitation on head shape geometry — 2D axisymmetric grid
* Hemispherical head * Number of grid : 21000
— Re=2.1¢°

k=0
— : — Boundary conditions
Liquid density 998.16 kg/m3
Vapor density 0.0173 kg/m3 Inlet velocity 8.2966 m/s
Liquid viscosity 1.003 m2/s Outlet pressure 19516 Pa 12645 Pa
Vapor Viscosity 5.619 m2/s Cavitation number 0.5 0.3
Saturation pressure 2339 Pa

* Time increment (unsteady)
+ le-5seconds
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« Calculation results (o = 0.5, unsteady)

Kunz Merkle SchnerrSauer Zwart

« Calculation results (o = 0.5, steady)

12 Kunz_Cp
1 ——SchnerrSauer_Cp
——steadytSchnerrSauer_Cp
08
— Merkle_Cp
06 ——steadyMerkle_Cp
—Zwart_Cp
04
= steadyZwart_Cp
02 ® experiment
0
e

4

Merkle SchnerrSauer Zwart
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« Calculation results (o = 0.3, unsteady)

Kunz Merkle SchnerrSauer Zwart

« Calculation results (o = 0.3, steady)

Kunz_Cp

——>5SchnerrSauer_Cp

1e
——steadytSchnerrSauer_Cp
0.8 ——Merkle_Cp
——steadyMerkle_Cp
0.6
—Zwart_Cp
0.4 = steadyZwart_Cp

® experiment

Merkle SchnerrSauer Zwart
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N

- M4} Cavitation

— snappyHexMesh

— Sliding mesh

— Cavitation model
* Schnerr-Sauer

— KRISO & & A4t ALt H[ W

_AS M ACQAUE

« CFD Z1} BEM code input2 2 mapping
o AF ALt
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- 23S TSH Q| Mol TIY s« dynamicMesh

— interPhaseChangeDyMFoam — Layering 7| M &
7|2H(OpenFOAM 2.4.0) — foam-extend-3.2 version2|
— Multiphase Model multlTopoBodvaMesh library 2-&

« VOF(non-condensible gas = &)
« Cavitation Model : Kunz Model

Time: 1.300sec

NEXTfoam CO., LTD.
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- Water Entry / Exit loading =&

A D

NEXTfoam CO., LTD.



* 2D-PMM

— Pure-sway / Rotating arm
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‘NEXT foam’

Pure sway result Pure yaw result

[ ] 3D—PMM 0.1 0.04 T T T T

= = = CFD resulti]NEXTfoam]
0.02 EFD result[IIHR] ——— B

Y/
o

= = =CFD resultifNEXTfoam] | |
EFD result[lIHR]

= = = CFD resulti]NEXTfoam]
EFD result[lIHR]

= = =CFD resultfNEXTfoam] | | -0.01
EFD result[lIHR] ' ===

I I 0.02 I I . . . I I . 1
0.8 1 1.2 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

t/

L
n! NEXT foam ——— I:! NEXTfoam

open source CFD consulting open source CFD consulting
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t t 4
——Surge Gsell et al. (2016) Sway Gsell et al. (2016) ——Surge present cal. ——Sway present cal.

.
%

present cal.
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NEXT foam

W

sk
— Wigley-I11 hull

.T'_l-?_AII_-II_E-)

[

Radd Radd Radd Radd
25 25 40 40 . Raw
35 ° 35 RaW = 2
20 20 30 - B= ,
. P9 T Sa
15 15 25
ES 20 T
] s
2 10 10 31 15
10 10
5 5 5
5
0 : 0 hd ’ 0
0 05 1 15 2 25 50 25
5 i 0 0.5 1 1.5 2 2.5 10 0 0.5 1 1.5 2 2.5
ML ML AL ML
—e—Exp. (Journee 1992) —e—Present Cal. —e—Exp. (Journee 1992) —e—Present Cal. —e—Exp. (Journee 1992) —e—Present Cal. —e—Exp. (Journee 1992) —e—Present Cal.
Fn=0.2H =0.02 Fn=0.2,H =0.04 Fn=04,H = 0.02 Fn=04,H = 0.04
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* interDyMFoam
— OpenFOAML| HZE &H (KT : 2.4)
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P
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NEXT foam
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- RIBSOljA =2 &4 &
—RIBS £ EXE9| 2=l A
— A EXE9| 6DoF 2ol A
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* Regular wave, Irregular wave

Rapidly Installed Breakwater System

V<

LX=30m

Lined with synthetic
horsehair to
minimize wave
reflections from the

it ¢ boundaries
Figure 1. Rapidly Installed i
Lab Scale E. i t
Breakwater System (RIBS) h{wator dopthiedsom
concept. v
'; LY = 27.44m
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» Water level (T : 0.88s)

Time: 0.2 sec

Water level
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Spectral(TMA)
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. Chebet 27O 6| A

— Water depth(h) : 46cm — Frequency division : Nr= 300 (0.1 ~ 3.0Hz)
— Wave height(H) : 4.8cm — Direction division : Me= 40 (-90° ~ 90°)

— Period(T) : 1.41s — Mean direction : Om = 0°

— TMA spectrum — om = 30°

Water level
-2.500e-02 -0.013 0] 0.013 2.500e-02

JEE=AREE S E] Ll,,lllll![llW\]l\l\
3
2
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ESPER
Estimating Ship PERformance
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* 2 solvers
— Single phase incompressible steady solver
— Two phase incompressible unsteady solver
* 3 libraries
— Dynamic mesh library for running attitude
— Dynamic mesh library for rotating propeller

— Actuator disk library

Free surface Time . .
Problem treatment | dependency Propulsion Solver Library
POW - Steady MRF Single phase -
Double body Steady - Single phase -
Resistance
Free surface Unsteady - Two phase Running attitude
Steady Actuator disk Single phase Actuator disk library
Double body
Propulsion Unsteady Sliding mesh Single phase Running attitude + rotating propeller
Unsteady Actuator disk Two phase Actuator disk library
Free surface — : : :
Unsteady Sliding mesh Two phase Running attitude + rotating propeller

NEXTfoam CO., LTD.
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* Pressure correction
— Poisson equation

CED solver 2tH 3}

Vip=s

" _ P f A N
— Explicit treatment of pressure gradient \
Vip=v- (7 (Vp);)

ZS(n (Vp)s) = Z ( |d| Pvk- (Vp)>

$

Y s ) =S ( ‘|d| + K- (VP)ota + af - (7D ew — E'(Vp)old}>

NEXTfoam CO., LTD.
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* Rhie-Chow interpolation
. . e - HIT
— Collocated gridM| A] checker boarding= XM 7{3}7| £%t 7| & ; "l.
— OpenFoam E& &H : delayed pressure discretization method I
— &2 1bAH| 7 &1 : Rhie-Chow interpolation method
original modified
1. solve momentum equation 7 — H(D VoW T — H(D Vo(©
and get 7" apUp = H(U) — Vp(Vp)p apUp = H(U) — Vp(Vp)p
i - ' H(U* - .V -
2. interpolate pseudo-velocity o ()] 5;' o { g4 P (Vg))p} 5
to get mass flow rate a Foo ap ¥
. Vv V
3. solve pressure equation v. (—Vp) — v. (_ Vp) —
and get p* a 7 a I
4. correct mass flow rate Fnew _ g 4 = = N new 4 e "
=F" — (=) |Sla-(Vvp*)y F"=F" — [ —) [S[i-(Vp");
asf asf
5. original: under-relax pressure new _ _old . old gnew _ gx _ Ve N
modified: correct velocity P =P Aot =) po—F ap (VP p
6. ariginal: correct velocity —new _ H(U™) Vb o new new old . old
modified: under-relax pressure Urm = T~ @WP e P =P 4 ap(p” =P

NEXTfoam CO., LTD. No.28
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 Impulsive start VS. slow start

— Impulsive start : 55 7| ¢t= 5= 47
—Slowstart : 5 X7|¢2 02 4, MM Ik ¢ U = Upgrget
« HAMET| MA2F2 N 1

- EY AZtO|HO 258 P4

- LES XQE SHH £7|0f 20| DFESEA A At
— Ramp time2 K| ™38} x7| 7} £ 2 22

. SFEXIM HMSE T EFALE U0

S =

0,006

0,001

' ./postProcessing/forceCoeffs/0/ForceCoeffe_ 0,02, dat' u 113 ——
', ./omegaTest/postProcessing/forceloeffs/ 0/ ForceCoeffs_0,02,dat' u 133 ——

0.005 [

-0,001

resistance

0.004

-0,002
0.003

-0,003
0.002
-0.004
0.001
~0,003

-0,006

-0.001
-0,007

-0,002 _o,008

-0.003 -0,003

-0, 004 -0,01 0
[ 5 10 15 20 25 30 35 40 45 50 0 g 10 15 5 20 35 40 45 50 0

KVLCC2E O| 88 H| 1 : 7} A ZF: 10X

NEXTfoam CO., LTD. No.29
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W

. 5 ¥

- AH 0| 27X, WA 34, LNGc 34

HESEE M HEAH

Resistance error(CFD/EXP)

Z1E{| o] L el 7] LNGc

0.0%

Error ratio(%)

SM125 5mi191

-1.0% -0:8%

-2.0%

-3.0%

Hull forms

i InterDyMNFoam (w/o motion-Initial running trim) i InterDyMNFoam (w/ motion) i LTSInterDyMNFoam {w/ motion)

NEXTfoam CO., LTD. No.30



Symmetry

NEXT foam

POW dfi 4

Out-Flow

In-Flow

~ | KP505

07 0.7
L ]
06 L ] 05
05 05
04 0.4
03 03
02 0.2
01 01
00 0.0
o0 01 0z 03 04 [V} 06 07 08 09 10 00 01 02 0.3 04 05 0.5 o7 0.8 0.g 10

Kt_exp 10Kq_exp etal_exp ®  Kt_cal ®  10Kg_cal ®  ctal _cal Kt_exp 10Kg_exp etan_exp & kicd &  10Kg cs &  etag ca
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- 73 oli™ : With free surface, free running attitude
— Re=6.5E+6
— A|ZHZE2 0.025sec
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Al
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Y

g|
b

N 0ot oot

o Al

r

dto| Azhgk H| 1 - 1.065% X}

20| oF 1.5% tls¢

t7b2

20.000
18.000

O] 37| =0 =0l etA 7t U=

—
— dt=0.025=, CFL number = 2f 95

0,018

0,016 |
.t [l

0,00%5

' /postProcessing/hul IForceCoetfs/0/ ForceCoefFs,dat' u 113

resistance

NEXTfoam CO., LTD.

16.000
14.000
12.000
10.000
8.000
6.000
4.000

2.000
n.00n

00045 F- -

0,00 f -

T /mokionF i le/0/hul IAndPropel lertotion.dat ' u 136 ——

tf‘i m

Rt error %

-1.065 %

0,001

=0,001 -

-0,002 |- -

experiment

free surface

T fmationk 1 le/0/hul lndPrope] lerMotion.dat ' u 114 ——
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AredsiAe - JBc U™

- 9= S| A : With free surface, actuator disc
o XMt 5 Lok DO A] Ktaks)lAd
SUBH AR}, £K|7|, A|Z7H

- O

L bbb b bbbl o O ¥ |
| | |
| S\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
[ / 0 peration | Version: 2.4.x |
| W/ A nd | web: wwwi . OpenFOAM. arg |
| W M anipulation |
B ettt bttt ettt */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object virtualPropellerProperties;
}
T T R 4
axisP1 (.12000000000000000000 B .12955000000000000008) ;
axisP2 (.080000000000R0AEAREA @ .12955000008080080808) ;
outerRadius .10150000000000000000 ;
innerRadius .01750000000000000000;
inflowDistance .06480000008000080800;
inflowRadius .10353000000000000000;
propellerRPs 7.8;
Kt polynomial ((©.2982 8) (-0.2641 1) (-0.1183 2) (-0.1217 3) (0.1153 4));
Kq polynomial ((©.8284 8) (-0.0246 1) (0.0146 2) (-0.0058 3) (0.0324 4));
relaxFactor 1.05;
4 UName u:
X o
Vbbb b )

NEXTfoam CO., LTD. No.35
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Exp. Present Error

Total resistance (N) 40.844 41.344 1.22%
Frictional resistance (N) 26.818 26.783 -
Pressure resistance (N) 14.025 14.561 -

Thrust Coefficient, K; 0.217 0.216 -0.24%

Torque Coefficient, K, 0.0279 0.0282 1.23%

Skin Friction Correction (N) 18.2 19.0 4.24%

NEXTfoam CO., LTD. No.36
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- & Sl A : With free surface, rotating propeller
— MRF 3l = Sliding mesh Sl Ad
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0.012 ? ? '.JhostProceséingfhul1Fo}ceCDeFFsIﬁfForcaneﬁFs.dat' wilss ——
001 . ” ....... e Lo
“Hull resistance
0,008 B Lo i
0,005 k- Lo REERERS i
;
0,004 i
0,002 b ]
0
0 10 20 30 40 50 =0 0 8o 90
" ' /postProcessing/propellerForceloef fa 0/ForceCoeffa,dat ' u 133 ——
Propeller thrust
Ok AP . Do S AP p
72T S Pt PP S p
A0 b p
30 B e p
a0 b i p
10
0 10 20 30 40 50 [ 70 8o 90

0,00515

' /postProcessing/hul lForceCoef fs/0/Forceloaf fs, dat' w 133 ——
0, 0051 E
0, 00805 E
0,008 E
,00495 i
00,0043 E
O,00485 boo oo i
G,0088 F- o D i
0,00475 M i i M M M M M
79,95 a0 80,05 80,1 80,15 80,2 80,25 80,3 80,35 80,4 80,4
23 T r T T T T r T T
. ', /poztProcessing/propellerFarceloeffe/0/forceloeffa dat' u 13 ——
[ . . . . . . .

[l T

AT T

201

19p. .-

=T S O S A

17 b

=30 S O A P A

16 4

7 T

13

0

79,95 g 80,05 20,1 80,15 80,2 20,25 80,3 80,35 80,4 90,45
NEXTfoam CO E:
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— 2 Ze |
« JBC
 Ship speed : 1.1793 m/s, propeller RPS : 7.8

Exp. Present Error

Total resistance (N) 40.844 42.95 5.18%
Frictional resistance (N) 26.818 26.43 -
Pressure resistance (N) 14.025 16.52 -

Thrust Coefficient, K; 0.217 0.229 5.43%

Torque Coefficient, K, 0.0279 0.0290 4.08%

Skin Friction Correction (N) 18.2 19.3 6.27%

NEXTfoam CO., LTD. No.39
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. Ko
—=HH|y12(2"€3Y))
— &5 :3.712mis (2&), 25 knots (& M)
— 27FX] =0 A A AL : even keel, trim -0.369 m (heave, pitch XI<3)

L S B | Rl g

- POW 3l A
— =HH| 11 (AMAY))
— MZIH| : 0.65~1.00

. RrerohA
— =HH| 1.1 (&AM
— &£ & : 25 knots
— 27tX| Z=HO|AM AL even keel, trim -0.369 m (heave, pitch XI-3)
* Even keel : 1000 RPM, 1030 RPM
* Trim -0.369 m : 990 RPM, 1010 RPM

NEXTfoam CO., LTD. No.40
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‘NEXTfoam
\v' 15

Mol 23X )
Even keel Trim -0.369m
Experiment | Calculation Experiment | Calculation

Ry (N) 47.7 47.6 44.4 43.6

Rey (N) 17.3 21.4 17.4 19.7

Renr (N) 30.4 26.2 27.0 23.8
Crs (Ca=0.4¢-3) 8.01 8.00 7.43 7.27

Rrs (N) 74.4 74.3 68.5 67.1
Trim (deg) 1.43 1.20 2.89 4.70
Sinkage (m) 0.27 0.06 -0.014 -0.003

- MA@ X}

-~ N2 1.8%
— Trim : 1.8 deg

— Sinkage : 0.21 m
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e Even keel
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——Kt_cal

4‘?‘ R o
v’ =54 -S| ZaHPOW) o

0.600 —o—10Kq_cal -
0.500 —o—Eff_cal
A=A A 0.400 KT s
¢ xl OH 1 Z J_—Il' 0.300 —--10K_Q_s
—Eff
_ POW SHA @} : ©f 5% oan .

0.000
0.000 0.200 0.400 0.600 0.800 1.000 1.200

— 1.5e+02
— 100

— 50

B

J=0.75 J=0.85 J=0.95
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N DS ET )

Ny Nr No Np
Even keel 0.947 0.991 0.644 0.604
Trim -0.369m 0.946 0.983 0.647 0.602

Np =My XNgr X7

11—t Qo
— = — from POW test
Ny 1—w Nr 0 No
Jv Ja w t Qo(Nm) | Q (Nm)
Even keel 0.795 0.789 0.0076 0.0605 7135 7200
Trim -0.369m 0.817 0.806 0.0135 0.0666 6400 6509

NEXTfoam CO., LTD. No.44
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Even keel 1000 RPM

Trim -0.369m 990 RPM

NEXTfoam CO., LTD. No.46
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¢ 1000 RPM even keel condition

NEXTfoam CO., LTD. No0.47



