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Agenda

« OpenFOAM H{THE BHE/dsH|u
* Wind load solution

* Global performance solution

e Conclusion and path forward
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OffshoreCFD p3

OHOk o| EX|
E O =
fescroet 52 | oo B
— Unsteady a)
3 1 -
— Fluid structure interaction by waves %
e
. , - ™ MorphingMesh
* Single body motion o
m
* Tow-body or multi-body relative motions "'qO: _-I:
= O
H © CFD H © — Modules -
— Wind/current load —
- -
- VIM — MBL
* Low-frequency motion e s
B wave
— Global performance --
* 3hrinfull-scale for irregular waves removal
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OpenFOAM HIX|O}3 04

= TestCase
— DTCHull tutorial case
¢ morphingMesh
* Two-phase flow
— Mesh size
* Abt. 28 Mil.
— Unsteady
« Z&7|20time step”7t K| 2F T
=  OpenFOAM 7S
— OpenFOAM 2.4.x (2015 release)
— OpenFOAM 6 (2018 release)
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OpenFOAM $iIX|O}3 05

e s
1280 (40 cores/node)
60 TB (user space) + 60 TB (scratch)
CPU Intel Xeon Gold 6148 (SKL) 2.40 GHz
File System Ext4 + gpfs
Infiniband EDR(100Gb/s)
Job Scheduler Slurm 18.8
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OpenFOAM HilX|O}3

OpenFOAM 2.4.x | OpenFOAM 6
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OpenFOAM $iIX|O}3

OpenFOAM 2.4.x
— 22 7|3} A|7+0] 320 cores O| & Of| Al =5

— Core{t E A H|-E EESF320 cores O| A0 M 2

OpenFOAM 6

- 7|2t A2 F 744

- g ot ds 2=
2E 2A

— 20169 2= HPC 3T OpenFOAM K| & 2 M (RIST, 7 L 8B)
— OpenFOAM 45-E4 RIST patch (RIST_A2A) H-&
— Core?t HE-E matrix JE{O|| A list FE = =

« O(N2)O| M o(N) S & =2 7ot HE|

Samsung Ship Model Basin

p7
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‘ Wind Profile Implementation P8

®  Numerical Issues

— Sustainability of wind profile
* Keep shape of profile in any location downstream

* Preserve turbulence quantities (k, e, w)

0.5

NPD (inlet)

— .= P1(x=-21)
wessiees P2 (x=-1)

0.4 I — — —P3 (Hull Center)

* Minimize/remove fetch length (developingzone) [[Z22 Pa el

03 f
PO (Inlet) P1 P2 P3 P4 iLt

— Minimize computational domain

Height(m)

0.2

S

U (m/s)
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‘ Wind Profile Implementation PO

= Previous studies on HHTBL implementation
— Richard and Hoxey (1993)

* The first successful implementation for a horizontally homogeneous turbulence boundary layer (HHTB)

* Derivation of analytical boundary conditions (RH conditions) for sustainable wind profile

» Preservation of turbulence quantities as well as velocity profile

* Bridge relation of CFD roughness model to roughness length
— Richard and Norris (2011)
* Studied numerical issue on implementing HHTBL with commercial S/W
— SNAME OC-8 “Guidance on Wind Technologies”
* Application of NPD profile to HHTBL
* Analytic derivations of experimental variables (roughness length, roughness height) for NPD profile

* Extension to typical RANS turbulence model (k-e, kw and Spallart-Almaras) of RH conditions

Samsung Ship Model Basin SAMSUNG HEAVY INDUSTRIES w



RH Conditions for NPD Profile

p 10

= NPD profile

U(Z) =u?*ln%5 U(Z) = U(Zref)<1+Aln z

Zref) with 4 = 0.0573J1 +0.15 - U(zrer)

1 .
Zy = Zyep * Exp [—Z] andu” =4 -k U(Zref)
= Turbulence profiles

3

*

k(z) = \/E’ g( z) = K(Z+Z) w(z) = Ky B*(z+20)

Roughness height (sand grain height)
— Apply no-slip boundary condition on the bottom (mean sea level) with standard roughness wall-function
— Roughness height (sand grain height) relation to roughness length

Ezy Bv
cC Cu*

r= ~ 35.67,
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‘ Wind Profile Comparison

K-e model

K-w model

Samsung Ship Model Basin

Without RH conditions
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Fluid structure interaction p12

= OpenFOAMA|S 7| &
— sixDoFRigidBodyMotionSolver
« sixDoFRigidbodyMotion 7| gt
— rigidBodyMeshMotion
* rigidBodyDynamics 7 | £

= Rigid body state monitoring 7| & £ X
— sixDoFRigidBodyState functionObject 7i'2 %! OpenFOAM.orgOl| XS
* OpenFOAM 652 E{ 2t Bl OpenFoAM 80]| ZH M LHE Bt L&
— rigidBodyState functionObject 7l 2 5! OpenFOAM.org0l| Xi| =
* OpenFOAM 7 S EHH
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sixDoFRigidBodyMotion SCjA A E 013

= sixDoFRigidBodyMotion 2HA|
— Constraint =22

« = constraint 22 2= 11-7-2| degree of constraint (DoC)2} axis of action vectore 7 HX| 1L U=

» Mode: translation, rotation . .
Class Translation Rotation
» Degree of Freedom (DoF)=3—DoC (DoC, axis of action) (DoC, axis of action)

» pointConstraint = EHA Ol ot DoF X'"O'i Rotation axis Free (2, rotation axis)
+ applyConstraint(constvector& cd) point (3, zero) Free
+ FO % constraint| DoCS C{SH= 242 2 constraint 28430| L 0{

Translation plane (1, surface normal) Free
=l e BS|
[ ]

= -” = line (2, translation direction) Free
oo} O 20142

? EB = ROtatlon_l DoF=2 orientation Free (3, zero)

+ Rotation2| DoC=2EE=30|2 2 758t DoF=0,1 £ =30t
+ Seakeeping = X| 0| A roll & pitch &1 =X S A 2SIt =7 SO A
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sixDoFRigidBodyMotionSolver =l & = o 14

o
bool write() const sixDoFRigidBodyMotion& motion() const
= (0] AT { { o
- 7 | . I:|_|- = é)l- = '|L_'|- const dynamicMotionSolverFvMesh& mesh = const dynamicMotionSolverFvMesh& mesh =
refCast<const dynamicMotionSolverFvMesh>(obr_); refCast<const dynamicMotionSolverFvMesh>(obr_);
° d|splacementMot|onsolver const sixDoFRigidBodyMotionSolver& motionSolver = } return (refCast<const sixDoFRigidBodyMation>(mesh.motion()));
refCast<const
AI" El—7< Al‘ﬁ\_ﬂl-7:” sixDoFRigidBodyMotionSolver>(mesh.motion()); bool write()
{
const sixDoFRigidBodyMotion& motion =
o displacementMotionSolver motionSolver_.motion(); const sixDoFRigidBodyMotion& motion = this->motion();
H '

* sixDoFRigidBodyMotion

-0l
« sixDoFRigidBodyMotion =2l A 2t A8l = 5 2 o+ = = O] sixDoFRigidbodyState functionObject = ~f 415} OF &t
« sixDoFRigidBodyState functionObject2| & EIotE 2ol Cts & &S2HA =2 =8
* OpenFOAM 801|A] Bt F = 0f°H

— But, sixDoFRigidBody system will be removed in the source tree in the future and rigidBody system will replace it.
By Henry Weller (https://bugs.openfoam.org/view.php?id=3345)
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rigidBodyDynamics 2ciA EE p15

"  rigidBodyDynamics =22

floatingObject

H type igidBody:
— Constraint A| Of et roat
7|-7|-O i 1 _C.>_|'A'| -cl)— O‘|2 centre ass -0.25).
T _l constralnt_| = OO“ X-” I_l- BA = rrant.o.mrr)\:wM (1(8 ([J] nnwjn )u 0100
° I_l:_lll-&ll joint
74 L T}‘lpe composite:
— subBody HZ&7}s s
{
< d = = (@] ) pe Pz:
« IS £71= (rudder, POD)S2| HHE0| FEELE A2 E Y | el
{
. _ = type Rx;
- XL crD ELEZHAESY i
} :
patches (floatingObject);

Samsung Ship Model Basin SAMSUNG HEAVY INDUSTRIES ZIETIT™



Algebraic Morphing Mesh p 16

= Two levelsets : superellipsoid
— Effective in/out determination
— Various closed volume shape support

— EOM zone protection
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‘ Wave elevation functionObject

= Wave elevation functionObject

— surfaceElevationNew (waves2Foam =)

« sampledSets functionObject 222 2| T =HH ™
+ 22| 7 OHH copy & paste 2 A
R EL Y
. 7HA‘1 7|- 'c'>' |:||'%|=
» sampledSet, logFilesO| A &+
» Samplingline: gravity vector O|- &St ray tracing 0| &
* OpenFOAM 7 release versionOf| A] AFEA| 2 F 244

» sampledSets Z4H| AFE A| oldCellCentre &= @ & Of| 2 &4
+ OpenFOAM 75 E{ 20| = & /BBt
+ OpenFOAM 7 A devrepository 9/5 0| = commit H 1 Of| A{ S Z &l

Samsung Ship Model Basin

p17
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Conclusions p18

= Sf¥crm
— unsteady foralongtime (3hr)

- BEHS0IER

» OpenFOAM TE H|O|A HHZ : OpenFOAM 7 or higher 7 |EF
=  Windload
— Sustainable wind profile condition2| 0|
=  Global performance
— 7|Z sixDoFRigidBodyMotion =2 A 2| SHA|
Rigid bodly state monitoring =7+ 72
morphingMesh 7 | £ 72

— surfaceElevation functionObject 7 41
=  Pathforward
— Non-linear wave generation

— Overset (based on foam-extend instead of OpenFOAM-plus)
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