Basilisk On-water Run by openFoam v2006
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EAHBEET (oversetmesh) % Fl\ > CIRAVE (multiphase flow) 12351 2 3EEh 3 2 YR 0 WA (—HREKREHE) %
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stationary Wall

atmosphere

basilisk

stationary Wall

water surface, z=-0.08

boundary Type alpha.water U p_rgh pointDisplacement Zone ID
name RE EAHEKE EBETEZ L%
atmosphere  |patch |type inletOutlet; |type type totalPressure; [type fixedValue; type
inletValue pressurelnletOutletV [p0  uniform O; value uniform (0 0 0); |zeroGradient
uniform O; elocity;
value uniform O; [value uniform (0 O
0);
stationaryWalls|wall zeroGradient type fixedValue; type type fixedValue; type
value uniform (0 0  [fixedFluxPressure; |value uniform (0 0 0); [zeroGradient
0);
****Sides overset type zeroGradient; [patchType overset;
type zeroGradient;
robobody, wall zeroGradient type type type calculated; type
legR, legL, movingWallVelocity; [fixedFluxPressure; |value uniform (0 0 0); |zeroGradient
footR, footL value uniform (0 0
0);
oversetPatch |overset type overset; patchType overset;

type zeroGradient;




overset patchType overset;

type
fixedFluxPressure;
T slip 1%, A 7 —fHOEEITIT zeroGradient, X2 VRO E I, EARITIIDY zero, FEHE /T M3 zeroGradient & D Z &, §

iR L 1%, #includeEtc "caseDicts/setConstraintTypes" CTatAIAA TW 3B X 5 72,

1. Tutorial & 54 77 Y Dar —

7477 COMO2 UMZzRMMAT 2. EEICEEHR I THE > T3 Did, rigidBodyMeshMotion 2> & FEUNH & 1T 5
rigidBodyDynamics 2> & & & ICMEUH LT % rigidBodyMotion 27 7 A @ transformPoints BAZLD A, & & L7 [l 23 BAEL D KF
LB DL E T oD overload TN T W23 708, T2 TIIHEO OB EMES .

lib¥rigidBodyDynamics¥rigidBodyMotion¥rigidBodyMotion.H
~y X7 7 AN FILWEBEZBINL T3, BEEiIAZOIRIEMEZ &, NWAMLS 2 LA HITEMT 5.
class rigidBodyMotion
| public rigidBodyModel
friend class rigidBodySolver;

// Private data

//- Switch to turn FSI calculation on and off LA, #EFEAM T EEIH T X — X%

Switch FSI_; // FSI or oneway-FSI 7 7 2 true {377 [lEL K
vector joint0_; // BEEIRIE (xyz) [m], BAT, yixHEIC0
vector jointl // BAEGZE position (x y z) [m]
vector  joint2 ; // BHEGZE position (x y z) [m]
scalar motionFreq ; // motion frequency [Hz]
scalar relaxation_time _; // relaxation time for stable calculation [s] #&H1MRFfH]

lib¥rigidBodyDynamics¥rigidBodyMotion¥rigidBodyMotion.C
Turgn, ZZICHoEEY Rl T 5.

Foam::RBD::rigidBodyMotion::rigidBodyMotion
(

const Time& time,

const dictionary& dict

rigidBodyModel(time, dict),

motionState (*this, dict),

motionState0 (motionState ),

X00 (X0 _.size()),

aRelax (dict.getOrDefault<scalar>("accelerationRelaxation", 1)),
aDamp_(dict.getOrDefault<scalar>("accelerationDamping", 1)),
report_(dict.getOrDefault<Switch>("report", false))
FSI_(dict.getOrDefault<Switch>("FSI", true)), i, BT 777

solver_(rigidBodySolver::New(*this, dictAsubDict("solver")))

if (dict.found("g"))
{

g() = dict.get<vector>("g");

}



initialize();
Iteration_number for MB_ = dict.getOrDefault<int>("Iteration number for MB", 1);

if( FSI0) ){

Yelse{ 1] EINZERL D Gt s I
dict.readEntry("joint0", joint0 );
dict.readEntry("joint1", jointl );
dict.readEntry("joint2", joint2 );
dict.readEntry("motionFreq", motionFreq );
dict.readEntry("relaxation_time", relaxation_time );

Foam::RBD::rigidBodyMotion::rigidBodyMotion
(

const Time& time,

const dictionary& dict,

const dictionary& stateDict

rigidBodyModel(time, dict),

motionState (*this, stateDict),

motionState0)_(motionState ),

X00 (X0 _.size()),
aRelax_(dict.getOrDefault<scalar>("accelerationRelaxation", 1)),
aDamp_(dict.getOrDefault<scalar>("accelerationDamping", 1)),
report_(dict.getOrDefault<Switch>("report", false)),
FSI_(dict.getOrDefault<Switch>("FSI", true)),

solver (rigidBodySolver::New(*this, dict.subDict("solver")))

if (dict.found("g"))

{
g() = diCt'get<VeCtOr>("g");

initialize();
Iteration_number for MB = dict.getOrDefault<int>("Iteration number for MB", 1);

if( FSI() ){

telse{ /| BINZ A 77V O BihF
dict.readEntry("joint0", joint0 );
dict.readEntry("joint1", joint1 );
dict.readEntry("joint2", joint2 );
dict.readEntry("motionFreq", motionFreq );
dict.readEntry("relaxation_time", relaxation_time );

-

Foam::tmp<Foam::pointField> Foam::RBD::rigidBodyMotion::transformPoints
(
const label bodyID,
const scalarField& weight,
const pointField& initialPoints
) const
{
// Calculate the transform from the initial state in the global frame
// to the current state in the global frame
spatial Transform X(X0(bodyID).inv() & X00(bodyID));



// Calculate the septernion equivalent of the transformation for 'slerp’
// interpolation
septernion s(X);

tmp<pointField> tpoints(new pointField(initialPoints));
pointField& points = tpoints.ref();

if( FSI() ){ // *** FSI rountine *** XI5 LDV —F v
Info << " rigidBodyMotion::transformPoints FSI " << endl;
forAll(points, 1)
{
// Move non-stationary points
if (weight[i] > SMALL)
{
/I Use solid-body motion where weight = 1
if (weight[i] > 1 - SMALL)
{
points[i] = X.transformPoint(initialPoints[i]);
¥
// Slerp septernion interpolation
else
{
points[i] =
slerp(septernion::1, s, weight[i])
.transformPoint(initialPoints[1]);

}
Lelse{ // *¥% oneway FSI rountine *** —JF AKX DL —F v/

Info << " rigidBodyMotion::transformPoints oneway-FSI " << endl;

const scalar t = state().t(); /] BATEIRER]
scalar thetaOL = rad(30.0) * sin( 2.0 * PAI * motionFreq *t); // B

scalar thetaOR = rad(30.0) * sin( 2.0 * PAI * motionFreq_ * t + rad(180.0) );

scalar thetal L = rad(30.0) * ( sin( 2.0 * PAI * motionFreq_ *t)-1.0);

scalar thetalR =rad(30.0) * ('sin( 2.0 * PAI * motionFreq_ * t + rad(180.0) ) - 1.0 );
scalar theta2L = rad(30.0) * ( sin( 2.0 * PAI * motionFreq_ *t)+ 1.0);

scalar theta2R =rad(30.0) * ( sin( 2.0 * PAI * motionFreq_ * t + rad(180.0) ) + 1.0 );
const scalar link0 = mag( joint0 .z() - joint]l .z() );

const scalar linkl = mag( jointl .z() - joint2_.z() );

if( t <relaxation_time ){ /| EFERTE D 7= DB
thetaOL *= ( t/relaxation_time );
thetalL *= (t/relaxation_time );
theta2lL *= ('t /relaxation_time );
thetaOR *= ('t / relaxation_time );
thetalR *= (t/relaxation_time );
theta2R *= (t/relaxation_time );

H
Tensor<scalar> ROL, R1L, R2L, ROR, RIR, R2R; /1 EETTAIE 3
/) LAT, FBEEI O EEATY]. [T IBANE D> TV EDTHEET S, vART 4 7 AR 2 F b, OpenFoam 13~ b v,
ROL.xx() = cos(thetaOL); ROL.xy() = 0.0; ROL.xz() = sin(thetaOL); // waring:: inversed
ROL.yx() = 0.0; ROL.yy() = 1.0; ROL.yz() = 0.0;
ROL.zx() =-sin(thetaOL); ROL.zy() = 0.0; ROL.zz() = cos(thetaOL);
RIL.xx() = cos(thetalL); RI1L.xy() = 0.0; R1L.xz() = sin(thetalL); // waring:: inversed
R1L.yx() = 0.0; R1L.yy() =1.0; R1L.yz() =0.0;

R1L.zx() =-sin(thetalL); R1L.zy() = 0.0; R1L.zz() = cos(thetalL);



}

}

R2L.xx() = cos(theta2L); R2L.xy() = 0.0; R2L.xz() = sin(theta2L); // waring:: inversed

R2L.yx() = 0.0; R2L.yy() = 1.0; R2L.yz() = 0.0;

R2L.zx() =-sin(theta2L); R2L.zy() = 0.0; R2L.zz() = cos(theta2L);

ROR.xx() = cos(thetaOR); ROR.xy() = 0.0; ROR.xz() = sin(thetaOR); // waring:: inversed
ROR.yx() = 0.0; ROR.yy() = 1.0; ROR.yz() = 0.0;

ROR.zx() =-sin(thetaOR); ROR.zy() = 0.0; ROR.zz() = cos(thetaOR);

RI1R.xx() = cos(thetalR); RIR.xy() = 0.0; R1R.xz() = sin(thetalR); // waring:: inversed
RIR.yx() =0.0; RIR.yy() = 1.0; RIR.yz() =0.0;

R1R.zx() =-sin(thetalR); RIR.zy() = 0.0; R1R.zz() = cos(thetalR);

R2R.xx() = cos(theta2R); R2R.xy() = 0.0; R2R.xz() = sin(theta2R); // waring:: inversed
R2R.yx() = 0.0, R2R.yy() = 1.0; R2R.yz() = 0.0;

R2R.zx() =-sin(theta2R); R2R.zy() = 0.0; R2R.zz() = cos(theta2R);

forAll(points, i) // Z&kFr—F v

{
const vector cpos = initialPoints[i] - joint0 ; // FIHAREFOLiE % BEET 1 BRI M EZE i,
vector pos = initialPoints[i] - joint0;
if( ( weight[i] > SMALL ) && (cpos.z() <-0.001)){  // EAMTHIK (weight[i]>0) 2> ORIFEIL (z<0) 722725
if( cpos.y() <0.0){ // *** for legL /£/&.
if( jointl .z() < cpos.z() ){ // firstlink U v 7 0
pos.z() += cpos.x()*tan(thetaOL ) * (cpos.z()-joint1_.z())/linkO;
pos.z() += cpos.x()*tan(thetal L/2.0) * cpos.z()/link0;
telse if( joint2 .z() < cpos.z() ){ // second link Vvl
pos.z() += cpos.x()*tan(thetal L/2.0) * (cpos.z()-joint2_.z())/link1;
pos.z() += cpos.x()*tan(theta2L/2.0) * (cpos.z()-jointl .z())/link1;
pos = (RIL & ( pos - jointl ) )+ jointl ;
Ltelse{ // third link Vv2o2
pos.z() += cpos.x()*tan(theta2L/2.0) * (cpos.z()+0.12)/0.04;
pos =( R2L & ( pos - joint2 ) )+ joint2 ;
pos =( RIL & ( pos -jointl ) )+ jointl ;
}
pos = ( ROL & pos );
telse{ /I *#%% for legR A7/l
if( jointl .z() < cpos.z() ){
pos.z() += cpos.x()*tan(thetaOR ) * (cpos.z()-joint1 _.z())/linkO0;
pos.z() += cpos.x()*tan(thetal R/2.0) * cpos.z()/link0;
else if( joint2 .z() < cpos.z() ){
pos.z() += cpos.x()*tan(thetal R/2.0) * (cpos.z()-joint2_.z())/link1;
pos.z() += cpos.x()*tan(theta2R/2.0) * (cpos.z()-jointl .z())/link1;
pos = (RIR & (pos - joint] ) )+ joint] ;
telse{
pos.z() += cpos.x()*tan(theta2R/2.0) * (cpos.z()+0.12)/0.04;
pos = (R2R & (pos - joint2 ) )+ joint2_;
pos = (RIR & (pos - joint] ) )+ joint] ;
¥
pos = ( ROR & pos );
}
points[i] = pos + joint0_;
}
¥

return tpoints;

Nk, TR XS REBRERRIC K 5.



2. CAD =7V LEEBELSKRTFOHEZEM D4R

CAD THlfkEFT A ZIER L, stl 774 v ("basilisk.st]”) I3 (mm #%E, ASCHFREICTFR). &k, ZITIE, BEAKBTOD
TSGR B AT S 37207710 D CAD &5 ("cutter.stl”) HIE L TW3. Zhic kb, EAMEEEZTSICHE L TW3,
EAOMOMEEEZYI W EEd & T, IRTFDOEEZEMRL TV, EEE 3okl oTn3,

V2
6,. =—(sin(2
2R 6( (

3. BREAWTOREERDER
BRI F L OEAK T ORI AT 3.

oversetmesh/constant/triSurface/

WIS F 4L Z FYEEKL, CAD o2 RTF A DAEDDETFT LRI ZICaY—F 5,

. oversetmesh/system/blockMeshDict
HEWTHOGREMOKET 7 AV EEET 5. 72¥, blockMeshDict & 1%, bolockMesh BABAIE N 383 (dictionary) &
WO EKTH 3.

scale 1;

vertices

(



(-0.08 -0.06 -0.14) /) TOROWEEL S, Fv Y v 2o s OIEE
(0.08 -0.06 -0.14)

(0.08 0.06-0.14)

(-0.08  0.06 -0.14)

(-0.08 -0.06 0.12) /L oifi
(0.08 -0.06 0.12)

(0.08 0.060.12)

(-0.08 0.06 0.12)

);
blocks
(
hex (0 123 45 6 7) basiliskZone (32 24 56) simpleGrading (1 1 1) I TGRIGE, V' — v, xyz 4EEL EIE
);
edges
(
);
boundary
(
basiliskSides  / EAHE ML R
{
type overset;
faces
(
0321)
2651)
(1540)
3762)
0473)
4567
);
}
cutterSides //CAD £ T A CYI DI - 2 OBRL. oI X W EHRIREENS KXo ick o7
f
v
type overset; /] AT
faces ();
H
basilisk I R Y R 5ER
{
type wall;
faces ();
}
);
. snappyHexMeshDict

castellatedMesh true;

snap true;

addLayers false;

geometry

{
basilisk /XY R IER
{

type triSurfaceMesh;



file "basilisk.stl";

}
cutterSides /1Y Lo 7= AT D8R
{
type triSurfaceMesh;
file "cutter.stl";
}
refinementBox  // Al /3L AEIR TS E
{
type searchableBox;
min (-0.1 -0.2 -0.14);
max (0.1 0.2-0.08);
}
3
castellatedMeshControls
{
maxLocalCells 100000;
maxGlobalCells 2000000;
minRefinementCells 10;
nCellsBetweenLevels 2;
features ();
refinementSurfaces
{
basilisk
{
// Surface-wise min and max refinement level
level (2 2); 1/ 5rEIL <
¥
cutterSides
{
// Surface-wise min and max refinement level
level (1 1);
¥
¥
// Resolve sharp angles on fridges
resolveFeatureAngle 30;
refinementRegions
{
refinementBox
{
mode inside;
levels ((1 1)); /] A DIETF- DD F L, Do LI 72w,
}
}
locationInMesh (0 0 0.1);  // ¥ 3 /5 DHEIK D fHigE
allowFreeStandingZoneFaces true;
}

system WO ZNLAND 7 7 A vz Zz 0 E. ks, TOWRMT, linux IKEHWHWT

> blockMesh



> snappyHexMesh —overwrite

AT L T paraview THERT 2 &, UToeEh. THIORDREDY 23, cutterstl TYIWTL 25k T, ZoldEAKTFRAIC
o T3,

4, AMEIGHFEZERDERE
D EDF AL P VICEHIL, system IO 7 7 4 VRZEHE L COMIGEER 24 KT 5. © o 3AIBEDHEEEL. HEkS
.

5. Ytk - EEIFRE (constant T4 L 27 F Y 774 ) OEIE
JESCoEEIFICBE LT, BIERSR. Fibi R LYk L.

. constant/dynamicMeshDict

Wk DYtk & EBIHEE 7 7 4 . FSI 2480 % "false” ICEUE L 72T, BINE e CREI NS, YkKRTIoBE O 2 fTbh 5.
dynamicFvMesh dynamicOversetFvMesh; /| BT MO ES

motionSolverLibs (rigidBodyMeshMotionCOM);  // /1225 4 77 J. COM ver 2.0 AREZA{HE S Z &

motionSolver rigidBodyMotion; /] oNiE, I rigidBodyMeshMotion % il - T %
report off;
rho rholnf;
rholnf 1.293;
g (00-9.8065);
solver
{
type NewmarkCOM; I BREEma—~v—r =%
/1 gamma  0.75; // Velocity integration coefficient: "gamma > (0.5" is unconditionary stable, but low accuracy.
/1 beta 0.390625; // Position integration coefficient: beta = (gamma+0.5)"2/4
b
Iteration_number_for MB 1;
// OutputFiles (body);  // save the center of rotation.
golocalCoordinateSystem (100 010 001);

bodies



{ /)T TIEEE, MIRIES T L DD B, openfoam TiE, WAL HE D, EEH CEBLEA —N—m—FINTV3.
2T, HEOBKEM > Twa. HL, HYE HEALDOAT A -2 Tz,

basiliskbody
{
type rigidBody;
parent root;
mass 0.100;
inertia (100000e-900 100000e-9 0 10000e-9);
centreOfMass (000.01); /* global coordinate system */
transform $golocalCoordinateSystem $centreOfMass;
joint {
type composite;
joints (
{ typePxyz }
{ typeRxyz }
)i
}
patches (basilisk);

innerDistance  0;
outerDistance  101;

}
}
restraints
{
}
FSI false; /TR XY, oneway FSI Z3ER$ 2. DA, Bzl n s,

/[ FFFEERE flyingfish parameters 4 #*

joint0 (000);  //joint position (x, y, z) [m], y is always zero. BIFfifZBIHE. y IZH I 0
jointl (0 0-0.04);// joint position (X, y, z) [m], y is always zero.

joint2 (0 0-0.08);// joint position (X, y, z) [m], y is always zero.

motionFreq10; // wave motion frequency [Hz]

relaxation_time 0.1;  // relaxation time for stable calculation

6. EfT

Librun ©74 77V %/EY, Allun TEFTT 2. 7477 V1F, *% %*COM ZHLTEHELTWB3DT, Hl7ur I bE
AHLTWwi L EICIFEETS L.

oFEL 220307, BEIZDLLZ W, 777 v 3l RHETETWR W, KBTI A XL, 777 v 2KRET 57201213, 3level
EF 2 (12%12%12=1/8) LEHRD 3.






