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5 Sy g5l g5 bl cUg P b ogd oo ateie by adsl 5 6500 bl 0wl o
WS i 1 5 S ygea | (650 il il e 4K S > st g1, MmotionU

U e
dimensions [01-10000];
internalField uniform (0.1503154 0 0);
boundaryField
{
airfoil
{
type movingWallVelocity;
value uniform (0 0 0);
¥
outlet
{
type zeroGradient;
¥
inlet
{
type fixedValue;
value uniform (0.1503154 0 0);
¥
upAndDown
{
type symmetryPlane;
}
frontAndBack
{
type empty;
}
}
p [

dimensions [02-20000];
internalField uniform O;

boundaryField
{




airfoil

{
type extrapolatedPressure;
value uniform 0;

}

outlet

{
type fixedValue;

value uniform 0;

}

inlet

{

type extrapolatedPressure;
value uniform 0;

¥
upAndDown

{
}
frontAndBack
{

}

type symmetryPlane;

type empty;
}

motionU

dimensions [01-10000];
internalField uniform (0 0 0);

boundaryField

{

airfoil

{
type fixedValue;
value uniform (0 0 0);

}

outlet

{
type fixedValue;
value uniform (0 0 0);

}




inlet

{
type fixedValue;
value uniform (0 0 0);

b
upAndDown

{

type symmetryPlane;

}
frontAndBack
{
type empty;
}

ks

constant aigy .Y-Y-Y-)
sl ol jo Jlw oj9> gamass a5 wsb o PolyMesh L JeLs constant az,, e

Dy s
il o (Seelins e wlenlas Jels dynamicMeshDict L o

dynamicFvMesh dynamicMotionSolverFvMesh;
twoDMotion  yes;

solver laplace; //velocityLaplacian;

diffusivity quadratic inverseDistance 1(airfoil);
frozenDiffusion yes;

distancePatches

(
);

airfoil

Jl sloge £b 5ln J51s 53 plez b 3 w5 = ) (bl alsls laplace S1-
Ao oo sl |y g cpl olawi ) sae g 0gd oo Alles FSI o120 Al

Jae 4w els a5 ogb e akie b, Jae flowProperties L s e

il oo 4zl b, gl PISOFIOW g ol oL > sl > ICOFlOw cconsistenticoFlow

asb e ddtPhiCorr s icODyMFoam  Sl= L Jslw iCOFlow

pisoFlow ..:b . ddtPhiCorr L icoDyMFoam L Jsl.. consistentlcoFlow

oS oo L s e 1y BB pl il e e Sslns L PISOFOAM K> b Joles
290 o0 pll b K> Jlasl 4 by o cledas TSiProperties L o o
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solidPatch airfoilsolid;
solidZone airfoilsolidZone;
fluidPatch airfoil;

fluidZone airfoil Zone;
relaxationFactor 0.01;
interfaceDeformationLimit O;
outerCorrTolerance 1e-6;
nOuterCorr 50;
interpolatorUpdateFrequency O;
couplingScheme Aitken;
/lcouplingScheme IQN-ILS;
couplingReuse 0;

coupled yes; // Will be swithed to yes by the function object

Sediss et 4 j55ums 5 Ay wile L _plss transportProperties L o e

nu nuf[02-10000]1.252628e-5;

rho rho[1-300000]1;

system ags .¥-Y-¥-)

controlDict Lt ..xb - fvSolution 4 fvSchemes controlDict LG aw Jols asg oyl

DS oy 1y Wload (ativ Jlw S>3 o5 slizsS 9 69955 5 Sy S5 Clenas oles
Ao uils g0 o slp oolituls g goae (gjlwainns sloz b sl Jola fvSchemes L

Sl o azin jL Syee o |y UNderrelaxation colys cosen 5 Ll ol Ken sl Lo e
» 1, & oS > velocityLaplacian oM, dynamicMeshDict Lk s laplace sl

ase o tetFemSolution LB 4 5Ls motionU > sl 5 08 oo J> o9 ledl (g, (wlal

3, s system

controlDict e

application  fsiFoam;

startFrom latestTime;
startTime 0;

stopAt endTime;
endTime 63;

deltaT 0.01;

writeControl adjustableRunTime;
writelnterval 0.5;
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purgeWrite  0;

writeFormat  ascii;
writePrecision 6;
writeCompression uncompressed,;
timeFormat  general;
timePrecision 6;
runTimeModifiable yes;
adjustTimeStep yes;

maxCo 1.0;

functions

(
pointHistory

{

type pointHistory;

functionObjectLibs

(

"libpointHistory.so"

);

region solid;

refHistoryPoint (1.0 0.0 0.0);
¥

hronTurekReportAirfoil

{
type hronTurekReportAirfoil;

functionObjectLibs

(
"libhronTurekReportAirfoil.so"
);
¥
);
libs (
"libOpenFOAM.s0"
"libgroovyBC.s0"
"libsimpleSwakFunctionObjects.so"
"libswakFunctionObjects.so"
);

oimen o hronTurekReportAirfoil § pointHistory wly 5,50 8 v
lym edgi dar slajisy ;0 Cewl oad 001 LBl sl o o plaaills

ol
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fvSchemes

ddtSchemes
{

}

gradSchemes

{
¥

divSchemes

{

default backward;

default leastSquares;

default none;
div(phi,U) Gauss linearUpwind cellLimited leastSquares 1;

}

laplacianSchemes
{
default none;
laplacian(nu,U) Gauss linear skewCorrected 1;
laplacian((1|A(U)),p) Gauss linear skewCorrected 1;
laplacian(diffusivity,cellMotionU) Gauss linear skewCorrected 1;

¥

interpolationSchemes

{

default linear;
interpolate(U) skewCorrected linear;

¥

snGradSchemes

{

¥
fluxRequired

{

default skewCorrected 1;

default no;
p;
}

fvSolution

solvers

{

p
{
solver GAMG;

13



tolerance 1e-08;

relTol 0;

minlter 1;

maxlter 1000;
smoother GaussSeidel;
nPreSweeps  0;
nPostSweeps  2;
nFinestSweeps 2;
scaleCorrection true;
directSolveCoarsest false;
cacheAgglomeration true;
nCellsinCoarsestLevel 20;
agglomerator faceAreaPair;
mergeLevels 1;

}

cellMotionU

{
solver GAMG;

tolerance 1e-08;

relTol 0;
minlter 1;
maxlter 100;

smoother GaussSeidel;
nPreSweeps 0;
nPostSweeps  2;
nFinestSweeps 2;
scaleCorrection true;
directSolveCoarsest false;
cacheAgglomeration true;
nCellsinCoarsestLevel 20;
agglomerator faceAreaPair;
mergelLevels 1;

~C

solver PBICG;
preconditioner DILU,;
tolerance 1e-08;
relTol 0;

minlter 1;

14




3 |

tetFemSolution e

solvers

{

motionU

{
solver PCG;
preconditioner DIC;
tolerance 1e-08;
relTol 0.001;

—

dol> g ilwad Y-Y-)

il e Sl Silodnd Gl me $99,5 DL Sl (B n (Brre 4 4N ol A5l o
S350 Bl p N-F-Y-)

4 Glog S > Jlael ardly oo el Sl 4 bgiye (5550 Ll 3 POINED 3 D L6 50 0 aiigy o
a5 gad Wb Ldoen &S > ol Gl 0 pdy 0 g D LB s avse ;0 ool sbnl slaas
9S85 09l Jlasl g 1V )0 9g2ge A 4y pwgiw S > dlolre g 0o Sl o)l )8 02 S e
foam- pss:pl Logase SWAKAFOAM asl p sl oo clgiso e (650 Ll 5l ooliiul Lo
S > Jhel &l grooVyBC g4 500 by 5l D bl 0 0gs cuas g ogbls extend-3.1
BB o i b pl 4 baye slbabuls lanl cwl p3Y W cwl oad ooliiw] | cwginw
sl jo a5 amabie 2 oylge Jolis baasluls opl aigs o,ly SYStem azg o controlDict

:aileaslie LB 5.5 controlDict

libs (
"libOpenFOAM.s0"
"libgroovyBC.s0"
"libsimpleSwakFunctionObjects.so"
"libswakFunctionObjects.so"

);
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dimensions [0100000];

internalField uniform (0 0 0);
boundaryField

{

airfoilsolid  //fsiPatchName

{
type tractionDisplacement; //The BC type
traction uniform (0 00);  //Externally imposed traction
pressure uniform 0; //Externally imposed pressure
value uniform (0 00);  // Externally imposed displacement

¥

pitchPA

{
type groovyBC;
variables "pi=3.14159265359;" ;
valueExpression "vector(0,0.011887558*sin(1.5061*time()),0) " ;
value uniform (0 0 0);

¥

CGPA

{
type fixedValue;
value uniform (0 0 0);

}

frontAndBack

{
type empty;

}

}

el By g Jloy brailie Lol a5 il amio S5 (55, » v 9y sl s g S
pointD e

dimensions [01 0000 0];
internalField uniform (0 0 0);
boundaryField

{
airfoilsolid
{
type calculated,;
value uniform (0 0 0);
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ks

k

pitchPA
{
type calculated,;
value uniform (0 0 0);
}
CGPA
{
type calculated,;
value uniform (0 0 0);
}
frontAndBack
{
type empty;
}

dol> plgs crei Y-F-Y-1

s> stressProperties , rheologyProperties = constant ¢,es uls 0 d5>50 sla bl

QS oo et |y el

rheologyProperties e

planeStress no; //‘yes’ for 2D cases, ‘no’ for 3D cases.
rheology

{

type linearElastic; //The structure is of linear elasticity.
rho rho[1-300000] 1320; //Density.

E E[1-1-20000]2.75e6; //Young’s modulus.

nu nu[f0000000]0.35; //Poisson’s ratio.

ol Kl goue glag b F-Y-Y-)
fvSchemes e

d2dt2Schemes

{

¥

ddtSchemes

{

default none;
d2dt2(D) backward;
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default none;
ddt(D) backward,;
}
ool dol> SVolee o U gluls & by D vV
laplacianSchemes

{

default none;
laplacian(DD,D) Gauss linear skewCorrected 1; // Gauss linear corrected

}
snGradSchemes N e CednS (6l el ia e
{ b Slawlbre oybej ioue

default none;
snGrad(D) skewCorrected 1; // corrected
¥
ol dal> EY¥oles 5o BU Slwl> ilidl cee 4 DDV

interpolationSchemes

{
default none;

interpolate(mu) linear; /I leastSquares
interpolate(lambda) linear; // leastSquares \

¥

&N e CetsS (6l caslie 1o 3o
obj Slowbro Gloj icae

ol ;U (s ilo ot 591 F-T-Y-)
fvSolution e

solvers

{
D
{
solver PCG;
preconditioner DIC;
tolerance 1e-09;
relTol 0.1;
}
}
relaxationFactors

{
¥
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a5 S o odalie NFONTUIEKREPOIT ol 4 atigy O oS Cnd jo b ;53 WS a5 jghailen
&l g ons Luls olgsds ahati Slatse zlsnl lp POINTHISIOY (clabols ol g0 ol
controlDict L slexsl jo a5 wiboe Sy0 9 i 9 amsl=e sl hronTurekReport
o > NISIOTY ol 4y (gladrgy ;o @l cnl 51 Jol> (slaosls g oo SIs518 Jlow 059> 4 boge o
e 4 by S g il awbw glp hronTurekReport b .wgs o opsd o,
B s 095 altns b celiie ) o] Wb K> 6lyml 5l k8 oplply sl e [V] HronTurek
5 hronTurekReport.C LB g0 oL lol |15 cpl (Glp oudd oo juis s |, AlulS b pixen
hronTurekReportAirfoil.H 4 hronTurekReportAirfoil.C « 1, hronTurekReport.H
w1y bbb pl Glgzme 0 9390 NTONTUrEKREPOIt _olul ol pimed udd oo yuuis
«ls hronTurekReportAirfoil.C L s .wes x5 hronTurekReportAirfoil
s ;8 93 S oo Jldnd 1) VYO B A0 bl Lewes o s airfoil « 1, cylinder
bt pl o Laid Lrnl [0 a5 098 oo dmle dilginl g alo 4 b o ol o g90e HrONTUrek
« |, hronTurekReport ;.5 s)ls ;1,5 make asg o a5 files LB o ol o o) 3924

hronTurekReportAirfoil wig ,o !, Jlis s jwew x5 o messhronTurekReportAirfoil

S o0 3l 1) py Slgiws 503,87 5k

$weclean
$wmake libso

bl oo I3 9 S (595 dmlone sl ool BB g ool JLalS &b cnl (951
5 311y FSI altas g5 go aloco Voo e 51 585 Jlow & dal> (S s &Sl S @
controlDict LB o laxol 1V .05 solael WeakFsiFoam s 5l g <65 L o caxs Jlasl
o d9>40 SELBACh L o .pwns o )3 WeakFsiFoam fsiFoam L= application Jla

plate sbw S0lid asg ,o s9>5e SetBatch LG s 4 airfoil plate sbx fluid azo,

AT )0 2 O geam a0 45 peas e 3 1, airfoilsolid

faceSet airfoilZone new patchToFace airfoil
quit
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faceSet airfoilsolidZone new patchToFace airfoilsolid
quit

&b blels 5 blockMesh & Ly o olle fluid asg o 84550 Allrun LB o coles o

11 )8 p) O yga a5 oS e B3> |, hronTurekReport

#!/bin/sh

#Source tutorial run functions
. $WM_PROJECT_DIR/bin/tools/RunFunctions

#Get application name
application="getApplication’

#runApplication -l log.blockMesh.solid blockMesh -region solid
runApplication -l log.setSet.solid setSet -case ../solid -batch ../solid/setBatch
runApplication -l log.setToZones.solid setsToZones -case ../solid -noFlipMap

#runApplication blockMesh
runApplication setSet -batch setBatch
runApplication setsToZones -noFlipMap

#Build hronTurekReport function object
#wmake libso ../hronTurekReport

runApplication $application

QS oo J> 0 g9,0 alies JAIIUN [ gl 21 b 6T

U”)“b)" o H-Y-)

paraFoam ,gus ol b asl o)l slo,lible s plo b paraFoam wig o (olsp o I3l
tecplot ,l5éle 5,0 s ol 5l eolitwl (gl 050 oo 09 Silogil jolay sl g Jlow 0)92 90 ,o gl
N slaases bl asb o F0aMTOTecplot360 jgiws 5 solicwl o .00 d92g by, 90 3
Al o OPENFOAM mls 0,5 sg) 4 408 L CONtrolDict L Jlss1,3 L tecplot
Ologs ansls sl ) pdydllasil 5 cdo Jigdnl S0 5 Cid oo sl jloged alie T JSCS
yohiles a8 o s k = wc/2U, = 5.01,6.68,8.88,11.82 _wals uilss 3 A= 8°
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Hoo by sovie sl (g pdyBlasl Ol J1 oy a5 Lo 5l Lol olil )l ioli8l g uils 3 molidl b

k=5.01 k=6.68 k=8.88 k=11.82

Flexible Flexible Flexible Flexible
Rigid —s— Rigid Rigid Rigid
= wf
2
5 “r
10 o )
n
i 0 a0 i
o 5 o o0
10 -
s 0
-0 -0
25 .
50
L L | L |
o 5 =3 o B s 0 3 = o
Alphaideg) Alphaideg) Alpha{deg) Alphaideg)
all z o )
Flexible Flexible Flexible Flexible
—s=— Rigid —=— Rigid —=— Rigid —s=— Rigid
0a
k 3
08
.
04 3
E e = E
o o ol o
0
L
-02
Y | L
0 g s v g > 0 B e 0
Alpha(deg) Alpha(deg) Alpha{deg) Alpha(deg)

< o 9 c
opo jeocg e Al Jiomn als o pdAllasl g Cdo g8 nl sbdaasin awglis (V) JSo
uuyw‘éwo):w‘f%fatsssdsg:jw

k=3 A=8 5 piilhasl g clo Lgbpl 90 slp 1) Ceeyu 1555 anmlio 55 ¥ IS5
MolS™ Jig8 ! mhams 50 b, g 0l &) by sl o uils 8 51 SO d [0 aas o plias 11.82
YL e Soo5 slaals 5 8y o 5l cel g pdllas] a5 04l o cdmliv pizes il ais

cbo g8 ! 2y Slasil Jo g8 5
T T 7 . T T T

01 020304050607 0802 1 111213 01 02030405068070809 1 111213
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9 3000 Hz

Pec 1.03e+17 1/m3
ec 1.602e-19 coulombs
At 67e-06 sec

Ey 30e+05 V/m
U, 4000 Volts
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FluidStructurelnteraction/src/fluidStructurelnteraction/flowModels/icoFlow . o1

255 plosl b wsls 13

ICOFlow.C S &l prss N-Y-Y
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const volVectorField& centres =(U_.mesh().C()), //Jskw 55 1o Co s iy o5
volScalarField xx_((centres & vector(1,0,0))), / Joko 55 50 X Slaises iy yoi
volScalarField yy_((centres & vector(0,1,0))), // Jskw 55 10 Yolaises iy
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IO0bject

HSWH
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runTime().timeName(),
mesh,
IOobject::MUST_READ,

IOobject::AUTO_WRITE
),

mesh

),

oo ) Jsap b il (S SH g £

—~

IOobject

(
HEH’
runTime().timeName(),
mesh,

IO0object::NO_READ,
IOobject::AUTO_WRITE

’sw_*(EO_-kl_*xx_—kZ_*yy_)

Aol oo X glisly o (S aSIl las EX o

IOobject
(

"EX",
runTime().timeName,()
mesh,
IOobject::NO_READ,
IOobject::AUTO_WRITE

(Mag(E_Y*k2_ )sqrt((k1_*k1 )+(k2_*k2 )

ML:LSQ Yy Gmb 5 k;i:).,.i” Qb.,:.o Ey °
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IOobject
(

"By,
runTime().timeName,()
mesh,
I00object::NO_READ,

IOobject:: AUTO_WRITE

%imag(E Yk isart((kl *k1 )+(k2_*k2))
),
lge X slly )0 (oS0l g5, X @
Fx_
(
IOobject
(
"FX",
runTime().timeName,(
mesh,
IOobject::NO_READ,
I0object::AUTO_WRITE
%’ufrequency_*alpha_*rhoc_*ec_*deItat_*Ex_
),
bl Y glly 5o (Ko S (55,5 FY @
Fy_
(
IOobject
(
"Ry,
runTime().timeName,(
mesh,
IOobject::NO_READ,
IOobject::AUTO_WRITE
Zl'ufrequency_*alpha_*rhoc_*ec_*deltat_*Ey_
),
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3l oo Loudly 51 36 (S6 xSl (o500 S0y i@

F_
(
IO0bject
(
=
runTime().timeName,(
mesh,
IO0bject::NO_READ,
IOobject::AUTO_WRITE
?:x_*vector(l,0,0)+Fy_*vector(0,l,0)
),

abe Lo transportProperties LG o slesls V' Joam jo Ll polis a5 ole e
BB ;o Tho 5 NU s 90 a5 jehilen 1 Wgd 0 S5l flUuid cwns o constant

W 5 Ll (o5 sla e il Jlgs1,8 transportProperties s ,.s 5l ax iCOFlow.C

Bgdoe Slo 3 il nj 50 Djge plen
nufrequency_(transportProperties_.lookup(“nufrequency ")),
alpha_(transportProperties_.lookup(“alpha™)),
rhoc_(transportProperties_.lookup(*'rhoc™)),
ec_(transportProperties_.lookup(“ec")),
deltat_(transportProperties_.lookup("deltat")),
EO_(transportProperties_.lookup("E0")),
Eb_(transportProperties_.lookup("Eb")),
k1 (transportProperties .lookup("k1")),
k2 (transportProperties .lookup('k2"))

fvVectorMatrix UEQgn

(
fvm::ddt(U )
+  fvm:div(phi_, U))

- fvm::laplacian(nu_, U )
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Private data ... 5 Class icoFlow Declaration _:x ,s icoFlow.H LG ,s

oS oo 3ylg 1y 5 lle ThO el 51 am

dimensionedScalar nufrequency_;
dimensionedScalar alpha_;
dimensionedScalar rhoc_;
dimensionedScalar ec_;
dimensionedScalar deltat_;
dimensionedScalar EO_;
dimensionedScalar Eb_;
dimensionedScalar k1_;
dimensionedScalar k2_;

oS oo 0l 1y p5 alle TN Dlel 51 o Member FUNCLions cwud o cuien

const dimensionedScalar& nufrequency(

{

return nufrequency _;

¥

const dimensionedScalar& alpha

{

return alpha_;

¥

const dimensionedScalar& rhoco

{

return rhoc_;

¥

const dimensionedScalar& eco

{

return ec_;

¥

const dimensionedScalar& deltat(

{

return deltat_;

ks
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const dimensionedScalar& E0¢

{
¥

const dimensionedScalar& Ebo

{
¥

const dimensionedScalar& k10

{
k

const dimensionedScalar& k20

{
return k2_;
}

return EO_;

return Eb_;

return kK1_;

5 8, FluidStructurelnteraction /Src .,o1 a4 .aib oo Jbolosls ool wo> S>>
055 pile oo o Sl JlalS Jlatie g o0; 1, JAllWMake o 5 JAllWCleaN oo loxl

ol 0 0018 sl yiSu (0 AT pmled eolatll (L8 S sy was S 5l agl
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Jgd S pdy oo 90 flUID cwnd o System asg o setFieldDict L &b 5l 8
Jheel polie (6,50 o b 5l Olxio slage b o Jgho 5l saioll acgams s 4 SELFiEldS

&S e

defaultFieldValues
(

volScalarFieldValue sw 0
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);
regions
(
boxToCell
{
box (0.980186 0 -1) (1 0.005 0);
fieldValues
(
volScalarFieldValue sw 1
);
}
);

2 ol ol oy i MB 45 SW e cadlioo higBpl 12 ad o Lewdly (595 Jleel Joma L1 (1

3,18 yao Jlade oul oold dguse Claise > 4 o 059> (soled

b 35 0 by 10 SW LI G (yaizmen

dimensions [01-20000];
internalField uniform 0;

boundaryField

{
frontAndBack

{
k

airfoil

{
¥

inlet

{
¥

outlet

{

type zeroGradient;

b
upAndDown

{

type symmetryPlane

type empty;

type zeroGradient;

type zeroGradient;
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