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3. FLOW-3D® Maritime Application
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FLOW-3D°® 7|2t g1 &

P ER-

¢ 19604 CH O] Los Alamos LabOj|A| X} E™H H A|Zt
€ VOF method #A| (B.Nichols, C.W.Hirt)
4 1980 Flow Science A&! (C.W.Hirt) _ .
€ 19851 Version 1.0 Release n FLOW-JD
€ <X} Version 10.0.2 Release

v B4

¢ MA %X VOF, FAVOR method 7l 5! M &
¢ XREMH @XF, 12| Y=dez P
¢ 7|H|-4K|, DH|-MHH| interaction A 7|5 EHY
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FLOW-3D®’s Main Application Areas

The same solver for all applications!

Water &

Metal Casting Inkjets Environmental Aerospace
Eengineering

A - Ep

Coating Marine MEMS

Consumer Products
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"N
FLOW-3D® 9| 4/

> Pre-processor (HX2| 7|)
€ GUI, Text mode
€ Initial condition, boundary condition, mesh generation, physical option, ...
€ CAD interface

> Solver

o MY

€ Solver monitoring

€ User subroutine %Hd

€ Single & Double precision version, Parallel processing version

4

D)

L)

4

D)

L)

4

<  Post-processor (2X2| 7|5)
€4 Animation, 3D, 2D, graph, ASCI], ...

€ Post MEDZ =280 interface

L)

4

D)

» Hardware

L)

€ PC, Unix, Super computer, ...
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FLOW-3D® 9| 7

AREHS
SHEH

i HE Axt
22, MNTE RS
ZHE RS
=AU 3o
©xEH

=29 =it

28 7S

Y= =73

KA 7, ZHEHF
EHE (7, SAL HE)

L

o

FSI(Fluid Structure Interaction)
TSE(Thermal Stress Evolution)

Moisture Drying
7| %
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O| EXH|| A : Free Surface Modeling

“» What is a “free surface”
€ Liquid/gas interface
€ Gas only applies a normal force (pressure) to liquid

€ Usually applicable when density ratio ~ 1000:1

< Density and viscosity in gas << liquid
€ Pressure variations in gas much smaller than liquid

€ Frictional forces also small in gas

HEAXILIO{OE HAE|OIO]C&D 9 www.stikorea.co.kr
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O| =X H}| 4 : Possible Interface Scenarios

/

s Scenario on the left embodies a “free surface”

€ Low gas velocities, and very small shear forces

/

< If the gas has high velocity, as on the right, shear may be significant.
Can’t model that scenario as a free surface.

/

% Engineer must decide when to use VOF

Gas
Gas High Velocity

/4

Pressure Y

\/'

Pressure

'

Free Surface Not a Free Surface

HZ2AX|L|0{OE 0 AE|O}IO]C&D 10 www.stikorea.co.kr
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O|=A H{ A1) : VOF (Volume of Fluid)

<+ XIRERHS Eolol= YWY
% 7} : Void Pressure = Constant

F=0 (Void Cell)

“_‘___,r'

Pressure = constant
(or PVY = constant)

- (<F<1 (Surface Cell)

F=1 (Fluid Cell)

Method for the definition of free surface

= H| 4t 51 Wave breakingZ 2 S&st XA gEH2E 7| =05l= W

: 1 Eulerian A X} 2 Al25}= VOF HHH 0|2
> X3 otad gl 2 =8HM ZAH| X

= - H T =
: 58 FX|XIEE AL

HEAX|LIO{OE O ~E|O}O]C&D

S sharp interface(& 0] ZAH)OM HE
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|
0| 2 HYH(2) : FAVOR™

AFiop | Quantities Stored
— AFR - right
v AFB - back
AFIeft Heat Transfer Area AFrigh1 AFT i tOp
VF - Heat Transfer Area
] AF __ open volume _openarea
¥~ Obstacle pottom VF = Gimeorean AF = Geiredgeares
s Integrated into conservation equations
dJdC dC dC JdC 1 2C dC dC dC
+u +v +w - ———+uA, —+VA —+ WA —
Jt Jd x dy d z V, dt Y dx dy dz
X FAVOR : Fractional Area/Volume Representation
%  AM=5t0 ™=k 2H 53 (Direct CAD Interface)
= 95 U EHY Ao HEy e
12 www.stikorea.co.kr
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O| 2XH|Z : FAVOR™

alXl A
- N\ N =T~
/ v N |7 AFT N
\ / / &Q)(b \\
~ A \§
- I & \
\ < AR
>
\ /
\\ //
N\ /|
~ —_ -~
FAVOR™ |
Direct CAD Interface
/ \ | M50 Heks THEH
Aot FHHY AKX FLOW-3D® : FAVOR
SQIX|L|0{1E O AE|O}O|C&D 13
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FLOW-3D®(FAVOR™) vs.

HA| AKX}

SN X}
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Ef Sl =2 4 afo| X}o|H

% 7|4to| QRIS HALO| QHIE BT 54

> 'i'_l' 2 fluid oH MA| 7|é,|'_|'l|- OH AFALO| 0| &5 2F A (momentum diffusion)O]

< Cell EHO|AMC| 2HETH S
> Cell ZMRIX| 0 A2 RHEEE ALRSIE R Cell EHO| £ EE 18}7| 91510
H Zk(interpolation)S 3t

> QUHI VOF HIH2 Cell ZM A Q] £ EE AI2SIE

=
=) FLOW-3D : Cell EHO|M RH2| SEE A8 ; 27t 2T, W 2
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OF2d (Pressure)

\/
0’0

I (Velocity)
234 X]| (Kinetic Energy)

=
=

\/
0’0

4

L)

ot 2t HE (| X], "=

\/
0’0

jol

M

= ot, 2h4 (Mixing, Diffusion)

\/
0’0

Particle Movement

\/
0’0

)

ZEf} € HH (&, Y&, heat flow rate S

\/
0’0
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- FLOW-3D®

Maritime Application




“Q

Velocity and Pressure Field in Calm Water

FLOW-3D

PN (A G IS E EIRIN G

2008 World Earth Race Champion
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4meter Waves Simulation

www.earthrace.net

2008 World Earth Race Champion (avi)
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12meter Waves Simulation

FLOW-3D

2008 World Earth Race Champion (avi)
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Hull Design

A d:/WorkfSampleSim/Ship_Carrier/flsgri.ship_foam - Mesh block 1 - Double Precision Version - [ Display Panel ]

Project Diagnostics Preference Unils Utilites Tab Help
Model Setup | Simulate | Anahye o Display |

|Lighl Tools View Mesh

Mvailable Time Frames . Eb@{}& @\ ..:\ E. e .: F B '.xl 'L.-I '..;_ — |||_|———"Transparency

1 21801080240 +01

Light

Previous | Mexd

Remaove frame Reinser frame

Object List

Component 1
| Fluid Surface
| testh st

HMEAX|L|0{1E 0| AE|OIO]C&D 23 www.stikorea.co.kr
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Tracking the Wake of a Boat
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Tracking the Wake of a Boat

HEAX|LIO{OE O ~E|O}O]C&D

velocity magr

5.000
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1.250

I 0.000

25

velocity magnil

. 5.000

3.750
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0.000
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Launch Ship
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Modeling Unstability vs. Stability

Unstability Stability

HEAXL|O{OE OAE|O}O|]C&D 27 www.stikorea.co.kr
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Moored Ship Using Springs & Ropes
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Moored Ship Using Springs & Ropes

Qil platform interacting with (Stokes)

Tethered to the seabed by four cables
(ropes) Untethered

HMEAX|L|0{1E 0| AE|OIO]C&D 29 www.stikorea.co.kr
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Floating Breakwater

velocity magnitude contours

0.00 1.25 2.50 3.75

5.00

10.0 ¢

0.0 L

-1.95 4.15

2025  -1415  -8.05

10.25
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Sloshing

HEAX|LIO{OE O ~E|O}O]C&D

Velocity Magnitude

Time Frame :

0.0000:+000

3.00e+003

1.50e+803

0.00e+000

31
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Three Phase Separator Sloshing

X/

*  Modeling and simulation of a dense dispersion By SINTEF

*» Flow and separation in oil/water/gas gravity separators

Zone 1 Zone 2
Choke Valve Inlet Gas Outlet

Zone 5
Gas, Mist, Foam

Zone 3
W‘Bulk Liquid

Muiti-Phase | »,
Inlet :

Water Outlet Qil Qutlet

Drift Flow Model

HMEAX|L|0{1E 0| AE|OIO]C&D 32 www.stikorea.co.kr
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Wave & Cassion

[Time Frame :

Velocity Magnitude

6.460808e+8

. 0000e+001

. 3333e+000

-6667e+000

. 0000e+000

-3333e+000

-6667e+000

. 0000e+000

HEAX|LIO{OE O ~E|O}O]C&D

33

www.stikorea.co.kr




"

Wave : Cassion

HMEAX|L|0{1E 0| AE|OIO]C&D 34 www.stikorea.co.kr
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Wave : Cassion

1.0000e+001

8.3333e+000

6.6667e+0600

5.0000e+000

HEAX|LIO{OE O ~E|O}O]C&D
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Tsunami Induced Vortic Flow at Port of Imwon

BT6-5-4-3-2-1 0

Tsunami induced ic flow
at port of Inrwon
Hewvation (1

HEAX|LIO{OE O ~E|O}O]C&D
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Tidal Current In Tokyo Bay

Tidal Current of hich tide at 5m denth (5 1h) Tidal Current of hich tide Thour later b at 5m denth (52h)

T dhbhh.

T T LEEEN.

Vertical velocity at ¥m depth at high tide (51h) Wertical velocity at 9m depth at hich tide( Thour later ) (52h)
HEQAX|L|0{2E O AE|O}O|C&D 37 www.stikorea.co.kr
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Wave Impacts

(=

=

Time Frame ; 21.999237

velacily magnitude

Wave impact on sea structure

Wave impact on a gravity-based structure

HMEAX|L|0{1E 0| AE|OIO]C&D 38 www.stikorea.co.kr
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Protection from Surge Waves

Submerged flap is filled with air after a surge warning

HZ2AX|L|0|1E O AE|OIO|C&D 39 www.stikorea.co.kr
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Sediment Scour Pier

/

¢ The erosion occurs around a group of three 2.4 m diameter piers as river water flows past at 1.5 m/s.

X/

** River depth : 15.8 m, mean sediment size (.35 mm.

Simulation of erosion around complex piers.

HMEAX|L|0{1E 0| AE|OIO]C&D 40 www.stikorea.co.kr
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Floating Breakwater

+* Wave model & GMO

velocity magnitude

5.000

Time Frame: 0.000000

4.167

3333

2500

1.667

I 0.833
0.000

velocity magnitude contours

0.00 1.25 2.50 3.75 5.00

s 000 7

10.0 T

00 1

2025  -1415  -805 = -1.95 415 10.25

b

HEAX|LIO{OE O ~E|O}O]C&D
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Ropes & Springs

K/

*» Tugging a boat

3.0

0.0

0.00

velocity magnitude contours

1.50 3.00

4.50 6.00

50 -4 | 2.2 5.8

9.4 13.0

HEAX|LIO{OE O ~E|O}O]C&D
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General Moving Obstac_lfes

R

* Swimming Dolphins

Palphing gzametry fils from URL kttpe/S|-phin

AX|L|0j1E O AE|OLO|C&D
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Collision Control

/7

s Elastic/inelastic collisions

/7

s Friction effects

¢ Multiple object/walls/baffles

HEUXILIOOE | 2E|0t0]C&D

44
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General Moving Obstacles

Prescribed GMO motion Coupled GMO motion

AIX|L|0|{1E O AE|O}O|C&D 45 www.stikorea.co.kr
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General Moving Obstacles

HEAX|L|O]OE O 2E|0}0]C&D 46
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General Moving Obstacles

Bouncing Ice Cubes Launch of a water-propelled model rocket

HEQAX|L|0{2E O AE|O}O|C&D 47 www.stikorea.co.kr
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General Moving Obstacles

Coffee Spill Ice Cream Cone

HEAUX|LI0|1E O AE|OLO|C&D 48
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General Moving Obstacles

3D tainter gate opening and closure
{with downstream jump control)

coloursd by velocity magnitude

Tainter Gate Debris Flow

HMEAX|L|0{1E 0| AE|OIO]C&D 49 www.stikorea.co.kr
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Modeling Unstability vs. Stability

Unstability Stability

HEAX|L|O{OE O|AE|OIO|C&D 51 www.stikorea.co.kr
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Metacenter & Metacentric Height

G: gravity center
€ Buoyancy center (B or B’): mass center of displaced fluid volume B: buoyancy center
@ Metaceter (M) M: metacenter
€ Metacentric height (GM): distance from G to M.

If M is above G, then GM >0.
If G is above M, then GM <0.

HMEAX|L|0{1E 0| AE|OIO]C&D 52 www.stikorea.co.kr
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Stable and Unstable Conditions

M is above G, G is above M,
GM >0, GM <0,
The buoyancy torque restores equilibrium, The buoyancy torque does not restore
object is unstable, object is stable. equilibrium, object is unstable.

GM T, then stability T

HEZQAX|L|0{1E O0|AE[OIO]C&D 53 www.stikorea.co.kr
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Calculation of Metacentric Height GM

BM =L
v, |
GM =BM - BG ' M
i N/
G | T
« BM: distance from B to M. !
e I, : moment of inertia aboutz, | L= I x2dV 1I. 3
e V,: displaced fluid volume z A
 BG: distance from B to G. > X

HMEAX|L|0{1E 0| AE|OIO]C&D 54 www.stikorea.co.kr
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Stability of a Ship

*» Two metacentric heights exist:

€ Transverse metacentric heights (GMy):

for transverse rolling motion

€ Longitudinal metacentric height (GM, ):

for longitudinal pitch motion

Transverse

I
BM, = =, GM;=BM;-BG

w

HEAX|LIO{OE O ~E|O}O]C&D

Z
Longitudinal
el ] —\!_4[
G
1
BM,=--, GM,=BM,-BG
VW
55 www.stikorea.co.kr
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Stability Analysis

s For a GMO, history data output:
€ Buoyancy center (B) vs. time
€ Gravity center (mass center, G) vs. time
€ Metacentric heights (GM) vs. time:
* GM for rotation around x-axis
* GM for rotation around y-axis
+ Data interpretation
@ Floating object:
« If GM>0, object is stable.
 If GM<0, object is unstable.
« GM T, stability T
€ Submerged object:
« If Gis below B, object is stable

« If Gis above B, object is unstable

HEAX|LIO{OE O ~E|O}O]C&D 56

Model Setup . Simulate
Fluids { & Meshing & Geometry
= Geometry
> -$\Glnbal

= Component 1 [N

~—7 . Name
- Material Name
- Component Type Standard |

- Subcomponent 1: platform.stl

- Type of Moving Object Coupled Motion |

- Type of Deforming Object|Mon-Deforming =l

- Collision Properties

- Solid Properties

-Surface Properties

- Initial Conditions

- Electrical Properties

- Core Gas Model Properties

+- Lost Foam Properties

l@-ﬁgrnus Properties

{ = Ogtput

M- Pr bragi =k oz Mo -

“ Buoyancy Center and Metacentric Height|Yes =

—
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Examples #1 : Stable

GM; >>GM;>0

1700 T
G

m

o

—, Longitudinal GM
:

e

n

t

'

° 13004

1]

=]

]

a

h

t

110.0 1

F

o

1

}“ 90.0 -

=]

n

70.0 , , , . .
0.0 7.2 144 21.6 28.8
time

HEAX|LIO{OE O ~E|O}O]C&D

36.0

57

So=SRTon I Sgm STTFoToT aTScIcas~ey QB0

5.8 A

4.6 T

3.4 7

2.2 A

1.0

Transverse GM

0.0

72 144 . 216 288 360
time
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Example #2: Unstable

GM; >0, GM;<0

140.0 7
Longitudinal GM; W

o]

1120 | o
P Transverse GM
4

84.0 L
w22 GM > 0, stable
t

%60 1 GM < 0, unstable
y
v

28.0 1 2 04
1

0.0 6.0 12.0 A 18.0 24.0 30.0 20 0.0 6.0 12.0 ; 18.0 240 30.0
time time

HMEAX|L|0{1E 0| AE|OIO]C&D 58 www.stikorea.co.kr
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