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Agenda

* Euler Overlay Method ¢4
* EOM Zone At 27X 7134

« (UEeh 7o Y EY IE ds Hu
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Euler Overlay Method p3

= Coupling of potential and CFD solutions

— Purpose
* Numerical diffusion of wave
* Reduce computational cost
- Toig e
* Relaxation method

» Relaxation method by Jacobsen
+ waves2Foam
* Momentum forcing method
» Explicit momentum forcing method (EOM) by Jang Kim
+ Starccm+

» Implicit momentum forcing method by Jasak
+ Naval Hydro Pack

Samsung Ship Model Basin SAMSUNG HEAVY INDUSTRIES ZIETIT™



Euler Overlay Method o1 &t P4

= Relaxation method
— waves2Foam
« Zf governing equation¥| Al Lt solutionOf| 217 weight &-&3510{ gd
cp=(1-w)p+we,
= Momentum forcing method
— Governing equation 0| Al Lt solutionO| O|O| 2t &l solution &
— Implicit form (Naval Hydro Pack)
* (1-w)Q(¢) +wR(¢) =0
» Q(¢): implicit form of governing equation
» R($) = (¢ — pp)/At: implicit form of boundary condition At governing eq.2| time stepit & &3 OFet
— Explicit form (EOM by Jang Kim)
* Q(¢p) = W— WR(¢) At: governing eq.2| time stepd} S SHH OHE ALEX} Y. FHL2 2
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Euler Overlay Method 191 &t

= Relaxation method

— Z2}9| govemingequation= =St H 2 S
- SUiHS = S Yo| ZhEret

. Momentum forcingmethod

— Explicit method

+ 2k governingequation®| source2 = O| £612 2 source &= A | RISt= ZEQ M= 721 7ts

» Commercial S/WO| A7}
*  MissingtermO| QL O] IA{| 0] SHA| 7} QIS A2 2 0f| & &

»  Two-waycoupling ==

+ Weight 2£0| 1€ Il = potential solutio= ZMISHK| 28t
— Implicitmethod

» Z}govemingequation2| -1 O|SHSHOF A E7Hs.

o 712 435t couplingmethod 2 £ &

Samsung Ship Model Basin
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interFoam2| VoF o A 7| & p6

" OpenFOAM 1.x - OpenFOAM 2.2

— Explicit solve = VoF off A

e 2247 (al) + A7 - (a(1 — a)U,) = 0
« 1A 4H2 QI3 MULES 2B E M E
» Flux limiter scheme
"= OpenFOAM 2.3.x—OpenFOAM 7
— Semi explicit solver X| &
© Z4 7 (@) + AV (@U) =V - (@) + AV - (@1 = U] = S+ V- (V) + AV - (V) +7 - (a(1 = @)V;) =V - (al)] = 0
« Operator splitting 7| & & &

» Predictor: 3—‘: + V - (aU) = 0 by implicit solver with upwind convection scheme

» Corrector: ?3_(: + AV -(aU) + V- (a(1 —a)U,) —V - (aU)] by explicit solver (CMULES)
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interFoam2] VoF Si{ A 7} &

= MULES::explicitSolve
— OpenFOAM 2.277}X| QL E VoF equation solver
— Subcycling® SF2 £ subcycling volume= BF A5 OFgt

— Temporal term= & solutionBF= O| & => backward scheme A| & =

1 1o
At P

" CMULES::correct

— Semi implicit-explicit solverOf| A| corrector0f| &-£5}= solver

(@)

d

Samsung Ship Model Basin

(=1
=

p7

if (mesh.moving())
{
psilf =
(
*rho.oldTime().field()
T
+ Su.field()
- psilf
)/(rho.field()*rDeltaT - Sp.field());
}
else
{
psilf =
(
rho.oldTime().field()*psiO*rDeltaT
+ Su.field()
- psilf
)/(rho.field()*rDeltaT - Sp.field());
}

— PredictorOf| Al £t 242 correction 20| 2 £ subcycling2 £ 219t volume H3IE 1 2{5HX| 4
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interFoam®| VoF {{A 7| = 7 M

= Backward scheme X| & =7}

— Backward scheme derivation

. Z‘f (aqb" + bp° + c$°°) where b = (a + ¢)
* CMULES::correct

A (D)0 —c°0)+5,—F

» Pp" = —

Samsung Ship Model Basin

p8
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Potential solution coupling p9

= Explicit scheme 2 £ potential + CFD solution &St H QH=

L pO+Sy—F o pO+S,—F
- " = 1¢W - = Atib_w —— => weight 2£0] 0.50| H divide by zero 2 &

At WSp At At

— [EA

* relaxation method
» MULES, CMULES AFE 7ts
* momentum forcing method+= implicit method & &%t

» MULES, CMULES AFZ Qtst
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EOM zone T+ ¢ p 10

= relaxationZone (in waves2Foam and Naval Hydro Pack)
-2
« fvPatchField & A =71 L5 0f| Al waveTheory Zi K| 244 (waves2Foam)
= 7HX-|| %% AH Ad O|_|J_\|_

» Initial 4 A Xt waveAlpha, waveVelocityOl Al =& & 9 2 New selector &2 MM => 55

» S AL X} time step/iteration OFCE New selector& @ M A => HIE X Ol ZHH| MM/ AHZ I}

to
T
o
Iy

* relaxationShape (waves2Foam, Naval Hydro Pack)
» relaxationShape cell collection 7| & AtA| 3
» Overlapped relaxationShapeOi| CHoH X{ 2| O] X[ &
* relaxationZone ‘Y dA| HEO| Y HE L (Naval Hydro Pack)
» Runtime A &1} pre-processingOl| AF2 &|= Y EHIIYO| CHE
» waveProperties + setBatch

« BAH O MEt potential solution2 = X|=2tEl
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‘ SHI1: AR EAN HHEHQI N WAl A H

arField

= H=2EHQ 4K 2t
j

= O ) publis

_I A
— MK LY £ 0| Al wavePropes_ =0 ZHXA| & e
ArA BEER O 2 W /ATE= 44 I

+ waveTheory ZiH|2| Z=7|3} 7t Bt X

+ waveTheory Z=7|3} H| 0| H|Y % A 4t2 &0

0R
O
=]
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EH1: A =4oj| M Er5XHl 24N Y8/~ 8

S E-U

inline Té&

— autoPtr Issue

* autoPtr CH A X (&) 2 CHMY 2
H

inline T* operator—>{):
» New selectorO]

Al Bt2hEl qutoPtr A= IvalueOf| BF K &S = Qo0 2 AR =7
* autoPtrOf SHEH T 24K 24

—

| o O A| 7E| %I_CI)_ inlins woid ope
» autoPtr 2 0?_4 O|TH0| LdlstE 2 SAFS-EXIO|AM (HE AHLA|) B 22| T2 of 2 &
7HX-” J_l-El =]

« HIO %aoﬂ PtrList 2 2|2 &% (Naval Hydro Pa

X0l waveTheory ZHA| & E 2t2|

A 0O|lO
o = A

» relaxationScheme 2

St
e ES

=

» Looks promising but...

+ waveTheory2} 2| 8= relaxationScheme AtE &2} Z

Samsung Ship Model Basin
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‘ EH1: A =4oj| M Er5XHl 24N Y8/~ 8 P

= A
_2nE HYaR B2
* Fortran 5= in-house code Bf A1 BFH&H 00PO| Al #H & SHK]
« OpenFOAM At ZH2[ X} (objectRegistry)ZF K| =
» reglOobjectsZ X{| = objectRegistry AF & 22| X0 S & | O]
+ objectRegistryOl| X &&= N = cacheZ = 2H2 75 (0l grad(U) &)
+ waveTheory+= lodictionary A| 222 A 0|2 £ reglOobjects M E S A &
+ reglOobjects2| class &= Q! storeE O| &5 cacheZ M 7% _
+ ZRIY SBA K220 W27Hs g (Inesh remdiectiodistianany Cysvsopesa =)
» waveTheory= relaxationSchemelt S MO 2 2F7IsT

+ Swiss Army Knife class X| &
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‘ 2H1: ZH AN HHE ROl K| WAl AT

 waveTheory 0| & 22|
» |Odictionary2| A|EZ A E TH= 0K wavePropertiesZt= O| S22 S5 &
+ =32 waveTheory 24K M JA[ 24K 7F 7120 Otx[= X Z 4 (name shading)
» 100bject2| groupName &= AFE 50| waveTheory.<waveTheoryName> BEHZ O| & &
» OpenFOAM 80| A= modelName =2 K| &St2 2 F=Z groupNameO| Al modelNameL 2 = HZA O™

waveTheory: :waveTheory

ICdictionary
;

I0o

nesh_ . thisDhi) . lockuplbie Oobje waveFropertie
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‘ =X|2: relaxationShape p 15

* relaxationShape &2t
— OpenFOAMO{| A O|0] | S5t 7|5t &=

" Wave generation practice
— HiAto Fak=2 =0| 7| &8 2= B A Y| relaxation zone A 7H

— Overlapping 77t =Y

Samsung Ship Model Basin SAMSUNG HEAVY INDUSTRIES ISP



‘ = M| 2: relaxationShape2| overlapping p 16

JLETT
— relaxationShape
* In-house T E £ topoSet ZiX|2t8 A= Z CHA|
— Naval Hydro Pack2| 2fH?
« I .= relaxationZoneOtC} T K| relaxationZone2| H | E HA|
» 2EQSHARI S07IEE 75 0] By
» ST Qo ZHEO| LY EIHK| weight A A0 S0{7tE 2 X7|35} &8 X8}
— Alpha blending 7| ] &8
* Weight field= [0,1] AFO|2| £t0|E = O|O|X| & 7Y &&7ts

» Normal, screen, dissolve, multiply 2 7|2 -4
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= >

23 YYE 52 o

" relaxationZone 4

—setSet HHOZ A MM =2 715 (Naval Hydro Pack)
« setBatch Lt 20 topoSet B EH 7| &

* relaxationZone 3 & = wavePropertiesO| = U=
cZEME AT

Samsung Ship Model Basin SAMSUNG HEAVY INDUSTRIES ZIETIT™



=H3: UHBE TF P18

o2t ¢

— relaxationZone

MG Al topoSet ZHA| - SHO] runtime 0| cellzone 8-S
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SRla: AAOI M YA B 1

= internalFieldOf| Al BFAFIFA| 7 1024 Q=
— waves2Foam

— NavalHydroPack
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SRla: AAOI M YA B 1

= relaxationShape Xl| 2 A|
— Sigma ZtEA| 0| A{ shift H== =7}
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n} Z+4ff /d's H| i (Radiation Problem) p21

" Floating object
— Free fall of cuboid

— without EOM zone

Chart Title

71N
o]
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ul Zaff ‘8-S Hlw P22

" EOMzone &8 & MULES CMULES

— Relaxation method
* After vof equation, solution relaxation for U and alpha
* Then, put into momentum equation.

* Pressure and velocity may not satisfy coupled field

— Implicit forcing method

— Explicit forcing method

* Due to the missing term wQ (¢), strict enforcing is not possible

» Q(¢) = /w@eeﬁ — WR()
- O HAHHds2 0

CFD-based Numerical Wave Basin for FPSO in Irregular Waves,
OMAE2019-96838

Samsung Ship Model Basin SAMSUNG HEAVY INDUSTRIES ZIETIT™



ul g §s o

|

" EOMzone &
— Relaxation+CMULE, implcitForcingO| BtAtL} B2FO| Aol Q1=

* Relaxation+CMULE2| &% C}E B H L radiation wave elevation 37| 7t LS
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p 23

Samsung Ship Model Basin
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1.04E+01

1.03E+01

1.02E+01

1.01E+01

1.00E+01 (e,

9.90E+00

= implicitForcing @ relaxation+CMULE

0 2
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Conclusion p24

= L[St Euler Overlay Method T+
— Relaxation method, momentum forcing methods

= relaxationZone | 2 /|
— RleHot 24| 8- /A KA
— relaxationShape 2} & 2 154
— Weight field M| O] 7| & 7}
- DA YIS
— Relaxation, implicit momentum forcing method
o LtN|H 21t

— Explicit momentum forcing method
o LRX|AHO| otA A=
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