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oversetmesh outlet
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P=zeroGradient
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inletValue uniform 0.00015;
\value uniform 0.00015;

inletValue uniform 3.06;
value uniform 3.06;

Type alpha.water U p_rgh EAEKE zonelD
atmosphere patch [type inletOutlet; type type totalPressure; type zeroGradient
inletValue uniform 0; pressurelnletOutletVelocity; [p0  uniform 0; ##A
value uniform 0; tangentialVelocity niform | ?
(1000);
value uniform (0 0 0);
inlet patch [type fisedValue; type fixedValue; type fixedFluxPressure; [type zeroGradient
\value uniform O; \value uniform (10 0 0); \value uniform 0
outlet patch |type type type zeroGradient type zeroGradient
variableHeightFlowRate;  |outletPhaseMeanVelocity;
lowerBound 0; alpha alpha.water;
upperBound 1; Umean 10; EH5E
value  uniform 0; value $internalField,;
flyingfish wall  |zeroGradient type movingWallVelocity; [type fixedFluxPressure; [type zeroGradient
value uniform (0 0 0); \value uniform 0;
fyingfishSides |overset type overset type overset
oversetPatch overset type overset; type zeroGradient
overset patchType overset; type zeroGradient
type fixedFluxPressure;
k nut omega pointDisplacement
atmosphere [type inletOutlet; type zeroGradient; type inletOutlet; type fixedValue;
inletValue uniform 0.00015; inletValue uniform 3.06; |value uniform (0 0 0)
\value uniform 0.00015; value uniform 3.06;
inlet type fixedValue; type fixedValue; type fixedValue; type fixedValue;
\value uniform 0.00015; value uniform 4.9e-05; value uniform 3.06; value uniform (0 0 0)
outlet type inletOutlet; type zeroGradient; type inletOutlet; type fixedValue;

value uniform (0 0 0)

sides, bottom

type fixedValue;
value uniform (0 0 0)

flyingfish

type kqRWallFunction;
value uniform 0.00015;

type nutkRoughWallFunction;

Ks uniform 100e-6;
Cs uniform 0.5;

value uniform 4.9e-05;

type omegaWallFunction;
blending binomial2;
value uniform 3.06;

type calculated,
value uniform (0 0 0);

1. 7477 DRk
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. rigidBodyDynamics/rigidBodyMotion/rigidBodyMotion.H

~v X,

#ifndef rigidBodyMotion H
#define rigidBodyMotion H

#include "rigidBodyModel.H"

#include "rigidBodyModelState.H"

#include "pointField.H"
#include "Switch.H"

namespace Foam

{

// Forward declarations
class Time;

namespace RBD




// Forward declarations

class rigidBodySolver;
/* *Y
Class rigidBodyMotion Declaration
¥ */
class rigidBodyMotion
public rigidBodyModel
{

friend class rigidBodySolver;
// Private data

//- Motion state data object
rigidBodyModelState motionState ;

//- Motion state data object for previous time-step
rigidBodyModelState motionState0 ;

//- Initial transform for external forces to the bodies reference frame
List<spatial Transform> X00 ;

//- Acceleration relaxation coefficient
scalar aRelax_;

//- Acceleration damping coefficient (for steady-state simulations)
scalar aDamp_;

//- Switch to turn reporting of motion data on and off
Switch report_;

//- Switch to turn FSI calculation on and off oneway FSI ® 7 7 2. LAF, constant/dynamicMeshDict 2> & 5¢ & A Ty

Switch FSI_;
scalar fishLength_; // body length e T A RE
vector fishCenter _; // fish center position (x y z) [m] F &7 A Huls
scalar pitchAttitude ; // fish pitch attitude [rad] vy LB
scalar motionFreq_; // motion frequency [Hz] BB ONIR Y L
scalar waveLength_; // wave length [m] EBEUholR
scalar amplitude ; // wave motion amplitude [m] B U o iRIE
vector rollMotion_; // roll motion (amplitude [rad], freq [hz], phase [rad]) 7 —/Lif#j T X — %
scalar relaxation_time_; // relaxation time for stable calculation [s] #&AIFRFR]. 1 FEHAFLE

//- Motion solver
autoPtr<rigidBodySolver> solver_;

. rigidBodyDynamics/rigidBodyMotion/rigidBodyMotion.C

A AN

Foam::RBD::rigidBodyMotion::rigidBodyMotion(const Time& time)
rigidBodyModel(time),

motionState_(*this),
motionState0_(*this),



aRelax (1.0),

aDamp (1.0),
report_(false),
FSI_(true),
solver_(nullptr)
{
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)),
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() ){ /) =TT REEEK,  or AT [AEAK
relse{
dict.readEntry("fishLength", fishLength );  // »¥J A — X G Al
dict.readEntry("fishCenter", fishCenter );
dict.readEntry("pitchAttitude", pitchAttitude );
dict.readEntry("motionFreq", motionFreq );
dict.readEntry("waveLength", waveLength );
dict.readEntry("amplitude", amplitude );
dict.readEntry("rollMotion", rollMotion );
dict.readEntry("relaxation_time", relaxation_time );
}
b

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);

i FSI() ){

telsed
dict.readEntry("fishLength", fishLength );
dict.readEntry("fishCenter", fishCenter );
dict.readEntry("pitchAttitude", pitchAttitude );
dict.readEntry("motionFreq", motionFreq );
dict.readEntry("waveLength", waveLength );
dict.readEntry("amplitude", amplitude );

dict.readEntry("rollMotion", rollMotion );

dict.readEntry("relaxation time", relaxation time );

Foam::tmp<Foam::pointField> Foam::RBD::rigidBodyMotion::transformPoints // —[f{l{A&Hr—F v

(

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() ){ // *#** ESI routine *** M5 [AlHE L —F ~

Info << " rigidBodyMotion::transformPoints FSI " << end];

forAll(points, 1)
{
// Move non-stationary points
if (weight[i] > SMALL)
{
// Use solid-body motion where weight = 1
if (weight[i] > 1 - SMALL)

{
points[i] = X.transformPoint(initialPoints[i]);
¥
/I Slerp septernion interpolation
else

{



points[i] =
slerp(septernion::1, s, weight[i])
.transformPoint(initialPoints[i]);

¥
¥
¥
telse{ /] #%% oneway FSI routine *** —Jj [l —F v
Info << " rigidBodyMotion::transformPoints oneway-FSI " << endl;

const scalar t = state().t(); /) BAEIRE ]

vector pos; /) ALER 7 R VIESR

scalar droll, dy; /B =V, y 2
Tensor<scalar> Rx, Ry; /) [EHEAT A

ey FLREBTH. AT LHITER

Ry.xx() = cos(pitchAttitude ); Ry.xy() =0.0; Ry.xz() = sin(pitchAttitude ); // waring:: inversed
Ry.yx() =0.0; Ry.yy() =1.0; Ry.yz() = 0.0;
Ry.zx() =-sin(pitchAttitude ); Ry.zy() = 0.0; Ry.zz() = cos(pitchAttitude );

forAll(points, i){ // kT L —F v
if (weight[i] > SMALL){ /| BEKTFOHGDHLEBE L5
pos = ( Ry.T() & initialPoints[i] ) - fishCenter ; // fH0% JE RIS U 72 S RSS2 1 il e 28 4
if( mag(pos) < fishLength_){  / DAY DT b, yEAEGIH

if( pos.x() < (-fishLength /2.0)) /) OB X VETR S
dy=0.0;
else if( pos.x() < (fishLength /2.0)) /) sy R

dy = amplitude / fishLength * ( pos.x() + (fishLength /2.0) ) * sin( 2.0 * PAI * ( ( pos.x() + (fishLength /2.0) )/
wavelLength - motionFreq *t));
else I BEXVEAED
dy = amplitude * sin( 2.0 * PAI * ( fishLength /wavelLength - motionFreq *t))
+ (amplitude / fishLength * sin( 2.0 * PAI * ( fishLength /waveLength - motionFreq *t))
+ amplitude  * cos( 2.0 * PAI * ( fishLength /waveLength - motionFreq *t)) * 2.0 * PAI / waveLength )
* (pos.x() - (fishLength /2.0));

if( (fishLength /2.0) < mag( pos) ) dy *=sqr( 1.0 - ( mag( pos ) - (fishLength /2.0) )/ (fishLength /2.0)); // {Li&E#%
il

if( t < relaxation_time ) dy *= (t/relaxation_time ); /) IR AN

pos.y() +=dy;

/I = VAR —F v

if( pos.x() < (-fishLength /2.0)) droll = 0.0;

else if(pos.x() < (fishLength /2.0)) droll = rollMotion [0] / fishLength * ( pos.x() + (fishLength /2.0) ) *
sin( 2.0*PAI*rollMotion [1]* t + rollMotion_[2] );

else droll = rollMotion_[0] * sin( 2.0*PAI*rollMotion_[1]* t + rollMotion [2]);

if( (fishLength /2.0) < mag( pos) ) droll *= (1.0 - ( mag( pos ) - (fishLength /2.0) ) / (fishLength /2.0));

if( t <relaxation time ) droll *= ('t /relaxation time );

Rx.xx() =1.0; Rx.xy() =0.0; Rx.xz() = 0.0; // waring:: inversed

Rx.yx() =0.0; Rx.yy() = cos(droll); Rx.yz() =-sin(droll);

Rx.zx() = 0.0; Rx.zy() = sin(droll);  Rx.zz() = cos(droll);

points[i] = Ry & ( ( Rx & pos ) + fishCenter_);
yelse{
points[i] = initialPoints[i];

}



}
H
return tpoints;
}
2ok, BTBHHEE 15 FICRT 7.
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constant/triSurface/*.stl
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3. BR&KXHOBE
BREEREFOKREEIL, UT 2.

https://www.cfd-online.com/Wiki/Turbulence free-stream_boundary conditions

I (sides) &JEM (bottom) 1 10m/s THI BEIC 7R > T\ 3. ver20.1 TIENIREEH L L 7=,

.k
Turbulent energy [m?/s] 1%

3 2
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U: the mean flow velocity, I: the turbulence intensity

Z 2T, U=10[m/s], I=0.001 (=0.1%) & L 7z. k=0.00015.



dimensions [02-20000];
internalField  uniform 0.015;
boundaryField
{
#includeEtc "caseDicts/setConstraintTypes"
inletSide
{
type fixedValue;
value $internalField;
¥
outletSide
{
type inletOutlet;
inletValue $internalField;
value $internalField;
}
atmosphere
{
type inletOutlet;
inletValue $internalField;
value $internalField;
}
"(sides|bottom)"
{
type kqRWallFunction;
value $internalField;
}
flyingfish
{
type kqRWallFunction;
value $internalField;
}
b
.nut

Modified turbulent viscosity [m?/s]

azJiwn

U: the mean flow velocity, I: the turbulence intensity, 1: the turbulent length scale
T ZTlE, U=10 [m/s], 1=0.001 [=0.1%], 1 IZARERIYICK D 2 28, iz, RERE I D 1%L, T C

FEY A% 100

F 2T, 2%E L, 1=0.2%0.02=0.004 £ L TH77. 4dmm DX v ¥ 2 CRHTE L WALFHEAEEINE Z IR 3 D0, . ..
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nut=4.9%¥10"-5

LD D, vk=10M6, Vxu=1.5%10"-5 TH Y, F—X—iZ7F iz nGo T3 H?

dimensions
internalField

boundaryField
{

#includeEtc "caseDicts/setConstraintTypes"

[02-10000];

uniform 4.9¢-05;
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inlet

{
type fixedValue;
value $internalField;

¥

outlet

{
type zeroGradient;

¥

atmosphere

{
type zeroGradient;

¥

"(sides|bottom)"

{
type nutkRoughWallFunction;
Ks uniform 100e-6; I ZDUIFEL3HHT. HeEED
Cs uniform 0.5;
value $internalField;

}

flyingfish

{
type nutkRoughWallFunction;
Ks uniform 100e-6;
Cs uniform 0.5;
value $internalField;

}

H
.omega

boldbv v rrw [l LT,

Wk
|
I: the turbulent length scale

ZHWS, FEL D, w=3.06

dimensions [00-100007;
internalField  uniform 8.7;
boundaryField
{
#includeEtc "caseDicts/setConstraintTypes"
inletSide
{
type fixedValue;
value $internalField;
¥
outletSide
{
type inletOutlet;
inletValue $internalField;
value $internalField;

e

Nt

Nt

I



atmosphere

{
type inletOutlet;
inletValue $internalField;
value $internalField;

¥

"(sides|bottom)"

{
type omegaWallFunction;
// blended true;

blending binomial2;

value $internalField;

¥

flyingfish

{
type omegaWallFunction;
blending  binomial2; // tutorial Tl%, blended true & 7z > T\ %23, LESH IO TEIELTH 3.
value $internalField;

}

4. EEFCEIBTBHOBE
constant/dynamicMeshDict 7 7 4 V Z HE T 3.

dynamicFvMesh dynamicOversetFvMesh; /I AT 2R

motionSolverLibs  (rigidBodyMeshMotionCOM);  // COM ver3 LA % 3#E4R

motionSolver rigidBodyMotion;
report off;
g (00-9.8065);
solver
{
type NewmarkCOM,;
/l gamma  0.75; // Velocity integration coefficient: "gamma > (.5" is unconditionary stable, but low accuracy.
/ beta 0.390625; // Position integration coefficient: beta = (gamma+0.5)"2/4
H
Iteration number for MB 1;
// OutputFiles (flyingfishbody); /I save the center of rotation.
golocalCoordinateSystem (100 010 001);
bodies
{
/)R E O DR, BBUERT S L, overload T N7z F7 3 BB O S 0 5 O THERE. PIHEEERME > Tu v,
flyingfishbody
{
type rigidBody;
parent root;
mass 0.090;
inertia (3940e-900 4210e-90 2140e-9);
centreOfMass (-0.014 0.014 0); /* global coordinate system */
transform $golocalCoordinateSystem $centreOfMass;
joint {

type composite;



joints (

{  type Pxyz }
{  type Rxyz; }
)i
¥
patches (flyingfish);

innerDistance  0;
outerDistance  101;

}
}
restraints
{
}
FSI false; /[ false I3 % &, MRDOE ) FEHES T XCEHE SN, ko —FrstE L 72 5.

/) wHxEEk flyingfish parameters **#*x#%  fi OHF) N T A — X

fishLength 0.2; // fish body length [m]

fishCenter (0 00);  //fish center position (X, y, z) [m]

pitchAttitude 0.785398; // fish pitch attitude [rad]

motionFreq40; // wave motion frequency [Hz]

waveLength 0.2; // wave length for wave motion [m]

amplitude 0.02; // wave motion maplitude[m]

rollMotion (0.261799 40 1.570796); // roll motion parameters (amplitude [rad], freq [Hz], phase [rad] )

relaxation_time 0.025; // relaxation time for stable calculation

5. fEfMAo®—X v FIEAORoFR
system/controlDict 7 7 4 MICTANIC L 2 E— AV P 2FHET 212 W O0REL THL. HLBG 2 UITEL X v,

functions
{

fishforceCoG.dat // #&An[ L
{
type forces;
libs ("libforces.so");
patches (flyingfish);
writeControl runTime;
writelnterval 0.002;
CofR (00 0);
log false;

}

fishforceCoM.dat // EE.L»

{
type forces;
libs ("libforces.so");
patches (flyingfish);
writeControl runTime;
writelnterval 0.002;
CofR (0.02 0 0);
log false;

}
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Case C: AT CHH % Mot (Imm f25)

Case D: HAKT CRME, BUWE Y 23t QmmfRE), SRt ko, vMEIE. (K7 w277 L)
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CaseBId, 22222777 Vv bERMTE, IRk icBbhs, EHEEL Maoftizd e —BRETI &, KEDRT v 7HD
KUREREDIRHATE DD, —7T— & 1Gbyte MR 727205072, EowolL vV —Ri%2Ez 5L, 1002 04 —&%—
Lo Tz, KRk 2 PFERIZH» 55

CaseC ¥, % Z % ZERRICEVIRI T, BEKTHDTZ ZV VY ARBTEZ 5728, NEPIELL v, BEEKTTHEIL
WY, ROBE LB TONERELLHEI R T AVWE Y IcBbN 3. BREL. WT03BHT 2 &, HkowHEELBHL
TLEI L7 BTHPBEIL T, KEIBEHL TIWIRw, &k, PeUFEYOAZEAK T THSMMEL TV 3720, %
OO IZ R E > TV B3DHB0H 5.

Case D 13, A7 v F 4, NEHEEEICHM2 2223, Case BD 4 [HRE. BTooERELZRICICLED, &6 < 105U L
IRV ICHETETHWSE L.

Case A: EOKT LEAKT ML, BUONAY ZF#L QmmRE)



Case B: AT LHEAKTOHibT, BONESZ T E 5l (QmmEE), ELRERSEHHEIE

Case C: AT Ciim Z M5t (Imm f2E)




Case D: EABEIK T TR WIH 2l Qmm E)



