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Open-source CFD

- B4 program
— MAQ K| H St (Computational Fluid Dynamics, > OpenFOAM
CFD)% 0 | %'ﬁ'ﬂ A|_-| H—lH—D-l X-I @/xf§5H &l = General-purpose Multiphysics program
° -E=|E|'OL|-__||_ OI_I-IC-)I&II OI_I g%EE:L%I O|g—0| OE“:||_|JS|| = Complexto use |
« QLEAA T Z]W(OpenFOAM)L 2 & HEH9] - Require to expertise _
K ghRretsl Al o ol ot ghers| Zig « Lowcost Customized Program

- No license cost, publicness

° %I_'! =  Easyto access the source-code
_ OpenFOAM% Ol_g_-c')-l_o:l 7H |:|E|-El_| AI_-||:_|I|-)é->|%-6- A_—I| - Applicable the latest-technology
Z=7 QI ESPERE O| 8010 &~ A &4 9|
X, pow, Aol M &8 7hsd "ot

— G/T 30 Ton class =S AL et= 20| Ciot
AMe/Rretpow 84

Classification Packages Cost(dollar)
Open-Source OpenFOAM, SU2, Astro 0
Open-Source wrapper Visual-CFD, simFlow, SimScale, Caedium 18,500
Integration CAD SolidWorks, Autodesk, Inventor CFD 5,500~150,000
Packages
Automobile: CONVERGE, AVL Fire, Electrical and
Professional Packages Electronics: FlIoTHERM, Oceanography: FINE/Marine, D.C.: 5,500~371,000
6Sigma, E.F.: XFlowCFD
Comprehensive Fluent, Star-CCM+, COMSOL, AcuSolve 93,000~371,000
Packages
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- Governing equation st )
V-u=0 - » Momentum Eqg. <
9pU ime. |
— 4 V- (pUU) = _|7p + pg + V-T iteration
at Momentum Eq.
'

Substitution of pressure term
Prgh =P — P8 X

A 4

Pressure Correction Eq.

Y

Correct pressure and velocity

) _ pressure
V-Uu=0 correction
p ___________ convergence
_________ Transport Eq.
. 9E0| Hi3}7} QITIRtE, correation
x5 4 B0 A2l p_rghel Tl QUc convergence

Time advection

v
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PIMPLE(PISO+SIMPLE) algorithm
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. HEsy A
— SZHH|112/(BYM 7))
—&F 13712 m/s (B), 25knots (& M)
— 27FX| O A A AL even keel, trim -0.369m (heave
& pitch A+9)

- POW 8{j A
— =FH| 11 (MM A7)
— MZIH| :0.65~1.00

. Rpeth A
— ESXH| 11 (AN A7)
— = : 25knots
— 27tX| ZZAO| A ALt : even keel, trim -0.369m (heave

& pitch A+9)

* Even keel : 1000 RPM, 1030 RPM

¢ Trim-0.369m : 990 RPM, 1010 RPM

R&D Center. NEXTfoam CO., LTD. 2019. No.3



A
Q¥ Az Y g

xX O

P

— ESPER (OpenFOAM solver)
« X8 VOF
- 24 3[W™: =20[d At
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Symbol Scale
(unit) Full Model
Hull
Length between
perpendicular LPP (m) 22.0 1.83
Breadth B (m) 4.9 0.408
TF (m) 1.02 0.085
Draft, moulded
TA (m) 1.02 0.085
Wetted suface area | WSA (MP) 108.9 0.756
Displacement volume | DISV (m3) 52.9 0.0306
LCB from AP (+fwd) | LCB (m) 8.990 0.749
Propeller
Diameter D (m) 0.950 0.1188
Pitch P (m) 1.005 0.1256
Boss ratio - 0.21053
Number of blades - 3
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Even keel

- Mg:02%

- Trim: 0.23 deg.

- Sinkage : 0.21m
Trim -0.369m

- NE:1.8%

- Trim: 1.69 deg.

- Sinkage : 0.011 m

R&D Center. NEXTfoam CO., LTD.

Rru (N)
Rem (N)

Ry or Rp (N)

Crs
(C4, =0.4e-3)

Rrs (kN)
Trim (deg.)

Sinkage (m)

Even keel Trim -0.369m
Exp. Cal. Exp. Cal.
47.7 47.6 44 .4 43.6
(n%%?) 214 (IT'1I'7C5’457) 19.7
304 26.2 27.0 23.8
8.01 8.00 7.43 7.27
74.4 74.3 68.5 67.1
1.43 1.20 1.95 3.64
0.27 0.06 -0.014 -0.003
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Even keel

Trim -0.369m
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Even keel

Trim -0.369m

R&D Center. NEXTfoam CO., LTD. 2019. No.8



= HEH| 11 EHM A7)
= & :25knots
= FZIH| :0.65~1.00 (0.05 2t4)

= RPS:16.7
= AX
- & 4= 9 1330 N
- Y*=9170
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1.000
. mRHHENS 41} 0.900
0.800
- 2gael @A} E|TH 5% 0.700 i
:a Haeah ——10Kq_cal
X 0.500
- Eff_cal
5 0.400
0.300 K18
0.200 —~-10K_Q_s
0.100 ——Eff_s
0.000 /
0.000 0.200 0.400 0.600 0.800 1.000 1.200
J=nD/V
J V (m/s) Thrust (kN) Torque (kNm) Ky 10K, No
0.650 9.500 55.0 9.000 0.243 0.419 0.554
0.700 10.292 49.6 8.298 0.219 0.386 0.588
0.750 11.083 43.6 7.480 0.193 0.348 0.617
0.800 11.875 37.8 6.671 0.167 0.310 0.643
0.850 12.667 32.0 5.874 0.141 0.273 0.659
0.900 13.458 26.3 5.086 0.116 0.237 0.665
0.950 14.250 20.7 4.300 0.092 0.200 0.655
1.000 15.042 15.2 3.509 0.067 0.163 0.623
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> ofjMd =A

= E=HH| 1.1 (MM 3T = Sff M A O]~
= ZL :25knots - Even keel =7 & Trim -0.369m =
= Trim2} Sinkage Xt& - Even keel =
- X} - 1000 RPM & 1030 RPM
. Z= AR} 2 - 2k 3300 7Y - Trim -0.369m =
- Yy+=2k50 - 990 RPM & 1010 RPM

R&D Center. NEXTfoam CO., LTD. 2019. No.11



A
& mEs

> off A A} 4000
= Even keel =74 3000
T4y oML H XHeslA 2000
(1000 RPM & 1030 RPM) 1000
B Resistance Thrust Torgue  |Resigtance - 0 1021.2 RPM
(M) (1) (M) Thust (W)l 1000 990 1000 1010 10:N30 1040
1000 SHER0 SRERD BEOD S610
-2000
1050 o2 lalall 41160 FARD = 1500
7500
1021 SaR47 G0 L Wy T [
7300 7200 Nm /
_ Xf"é"ﬁ 7100
- 3| #=:1021.2 RPM (106.9 rad/s) 6900
- E3:7200 N*m 6700
- MY =4 6500
7200 x 106.9 = 770.0 kW 990 1000 1010 1020 1030 1040
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> ofjA Zut 1000
= Trim-0.369m = 500
D@ S MEE B XS A 0 \ 993.6 RPM

500985 990 [99 1000 1005 1010 1015
(990 RPM & 1010 RPM)

-1000
Resigdance Thrust Torgue  |Resistanoe -
REM ) () | Thiug () -1500
990 | 35770 35300 6420 470 ~2000
-2500
1010 | 36740 38900 600 2160
7100

994 3H043 3h943 EHDQ 0 6900
PN (s 6509 Nm|

- 6500

- 2| =:993.6 RPM (104.0 rad/s) 6300

- E3:6509 N*m 6100

- =g = 5900
6509 x 104.0 = 676.9 kW 985 990 995 1000 1005 1010 1015
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- A EE NH NR No Np
Even keel 0.947 0.991 0.644 0.604
Mo =Mw X 1R X 7o Trim-0.369m  0.946 0.983 0.647  0.602
1—t Qo
(R — R=" Jy Ja w t

Even keel 0.795 0.789 0.0076 0.0605

1o from POW test .
Trim -0.369m 0.817 0.806 0.0135 0.0666

Qo (Nm) Q (Nm)
Even keel 7135 7200
Trim -0.369m 6400 6509
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Even keel 1000 RPM

Trim -0.369m 990 RPM
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Even keel 1000 RPM

Trim -0.369m 990 RPM
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AVIGEE 100”0 RPM Even keel 1000 RPM

G

— 1.0e+05 > — 1.0e+05

o
[ i
— -100000 —-100000
. _]5e+05 = ] 5e+05

— 1.0e+05 — 1.0e+05
Bo ‘ ) B
i ) ‘ : e

Trim -0.369m 990 RPM S0 M Trim -0.369m 990 RPM w1

B -15e+05
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¢ 1000 RPM even keel condition
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- 30EZ X.’F_M. MS

— MMt powsH Al 2 =360 A At H| WSt s T2 Ao Mot = AS
o XNt @K} 2F 204
« POW {4 @X}: 2F 50

=

— Even keel AT} trim -0.369m X 0| A XSS =30
. NSl powsliAl© 2 HOf 2F 7059| @ X} Of A=l
« Even keel =4

o
— 25 knots At22 2{off 2ot ME =3 : 1440.0 kW
 Trim-0.369m &
— 990 RPMI} 1010 RPMOf|A] At&tsli 2 ~2HS
— 25 knots At&= /ol ERot MEH =3 . 1353.8 kW
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application to ship resistance performance using open source libraries, Journal of the
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* Kim, G.H. and Park, S., 2017, Development of a numerical simulation tool for
efficient and robust prediction of ship resistance, 9, pp 537-551.

R&D Center. NEXTfoam CO., LTD. 2019. No.22



R&D Center . NEXTfoam CO., LTD.



