Seminai software pro geofyziky Jednooci slepym 10.4.2012

Fluid-structure interaction
Praktické ukazky

Program
e  Obtékani elastické prekdzky Newtonovskou kapalinou (2D)

Elmer

Rozebereme ptiklad z http://www.nic.funet.fi/pub/sci/physics/elmer/doc/ElmerTutorials.pdf (str. 40) v jeho
pluvodni verzi bez pouziti GUI. Archiv tutoridl souborti stéhneme z
http://www.nic.funet.fi/pub/sci/physics/elmer/doc/ElmerTutorialsFiles nonGUI.tar.gz, otevieme
FluidStructureBeam

1.) Piiprava sité
fsi.grd:

*x*xxx FlmerGrid input file for structured grid generation *****
Version = 210903
Coordinate System = Cartesian 2D
Subcell Divisions in 2D = 5 4
Subcell Limits 1 -1 0 10 11.5 65 100
Subcell Limits 2 -1 05 10 100
Material Structure in 2D
3 3 3 3
6 1 1
6 1 2
5 5 5
End
Materials Interval = 1 2 !pouze pro materidl mezi 1 a 2 se vygeneruje mesh
Boundary Definitions
! type out
6

R, woO I

4
4
5

nt

i
1
1
1
1
1
2

oYU WN
GO0 W N
OO OO OOo

End

Numbering = Vertical

Element Degree = 2

Element Innernodes = True
Triangles = False

Surface Elements = 500
Coordinate Ratios =1

Minimum Element Divisions = 1 1
Element Ratios 1 =1 1 1 3 1
Element Ratios 2 =3 1 11
Element Densities 1 11311
Element Densities 2 1111

Prikazem

ElmerGrid 1 2 fsi.grd

I
:

vygenerujeme sit, kterou mtiZzeme nahlédnout v pomoci ElmerGUI.

Chceme-li sit’ jemnéj$i, zménime napf. Surface Elements = 5000 a vygenerujeme jemngjsi sit
ElmerGrid 1 2 fsi.grd -out £fsi2



2.) Reseni

Nyni si prohlédneme fsi.sif:

Header
Mesh DB "." "fsi2" lcesta k siti - peipadne zmenime na fsi2
End

Constants
End

Simulation
Coordinate System = Cartesian 2D
Simulation Type = Steady State
Steady State Max Iterations = 50
Steady State Min Iterations = 2
Output Intervals = 1

Output File = "fsi.result"
Post File = "fsi.ep"

End

Body 1

Equation = 1
Material = 1
End

Body 2
Equation =
Material =

End

NN

Material 1
Density = 1.0
Viscosity = 0.5
Poisson Ratio = 0.3

Youngs Modulus = Variable time
Real Procedure "FsiStuff" "Youngs" ! Youngev modul pruzZnosti pro sies je peedepséan
End ! v externi fci Youngs v souboru FsiStuff

Material 2
Density = 1000
Youngs Modulus = 1.0e3
Poisson Ratio = 0.3
End

Solver 1
Equation = Navier-Stokes
Stabilize = True
Linear System Solver = Iterative
Linear System Iterative Method = BiCGStab
Linear System Preconditioning = ILUL
Linear System Max Iterations = 500
Linear System Convergence Tolerance = 1.0e-8
Nonlinear System Max Iterations = 10
Nonlinear System Convergence Tolerance = 1.0e-5
Nonlinear System Newton After Tolerance = 1.0e-5
Nonlinear System Newton After Iterations = 20
Nonlinear System Relaxation Factor = 1.0
Steady State Convergence Tolerance = 1.0e-4

End

Solver 2
Equation = Elasticity Solver
Variable = Displacement
Variable DOFs = 2
Procedure = "ElasticSolve" "ElasticSolver"
Linear System Solver = Direct
Linear System Direct Method = Banded
Nonlinear System Newton After Tolerance = 1.0e-3
Nonlinear System Newton After Iterations = 20
Nonlinear System Max Iterations = 100
Nonlinear System Convergence Tolerance

= 1.0e-5
Nonlinear System Relaxation Factor = 1.0



Steady State Convergence Tolerance = 1.0e-4
End

Solver 3
Equation = Mesh Update
Linear System Solver = Iterative
Linear System Iterative Method = BiCGStab
Linear System Preconditioning = ILUL
Linear System Max Iterations = 500
Linear System Convergence Tolerance = 1.0e-8
Steady State Convergence Tolerance = 1.0e-4
End
Equation 1
Active Solvers(2) =1 3
End
Equation 2
Active Solvers = 2
Plane Stress = True
End

Boundary Condition 1
Target Boundaries = 1

Velocity 1 = Variable Time

Real Procedure "FsiStuff" "InFlow"
Velocity 2 = 0.0
Mesh Update 1 = 0.0

End

Boundary Condition 2
Target Boundaries = 2
Velocity 2 = 0.0
Pressure = 0.0
Mesh Update 1 = 0.0

End

Boundary Condition 3

Target Boundaries = 3

Velocity 1 = 0.0

Velocity 2 = 0.0

FSI BC = True

Mesh Update 1 Equals Displacement 1

Mesh Update 2 = Equals Displacement 2
End

Boundary Condition 4
Target Boundaries(2) = 4 5
Velocity 1 = 0.0
Velocity 2 = 0.0
Mesh Update 2 = 0.0
End

Boundary Condition 5
Target Boundaries = 6
Displacement 1 =
Displacement 2 =

End

0.0

0.0

'End

Kéd pouZziva dveé externi funkce: FsiStuff.f90:

'Youngiv modul pruzZnosti pro mesh update solver:

FUNCTION Youngs( Model, n, x ) RESULT( s )

USE Types

TYPE (Model_t) :: Model

INTEGER :: n

REAL (KIND=dp) :: x,s,sl,s2,s3,xx,Vy

xx = Model % Nodes % x(n)

yy = Model % Nodes % y(n)

s = 1.0d0 / SQRT( (xx-11.0)**2 + (yy—-4.9)**2 )

END FUNCTION Youngs
IParabolicky profil na vstupu postupné linedrné zapinany v Case

FUNCTION InFlow( Model, n, x ) RESULT( vin )
USE Types



TYPE (Model_t)

INTEGER ::
REAL (KIND=dp)

XX =

vy
v0 =

IF (x
vt

ELSE
vt

END I

vin =

FsiStuff.f90 zkompilujeme pomoci
Elmerf90 FsiStuff.f90

(= (yy**2)+10*yy)

<

F

8.0)
x/8.0

1.

0

v0*vt
END FUNCTION InFlow

THEN

A spustime vypocet:

Vysledek vizualizujeme pomoci ElmerPost

ElmerSolver fsi.sif

Velikost rychlosti

: Model

vy, X,vin,v0, vt

—o FsiStuff

math on=nodes
math on=nodes

Vektorové pole rychlosti a pole tlaku

math on=rodes
math on=rodes

Doposud jsme se zabyvali steady-state problémem. Zkusme se podivat na ¢asovou evoluci.
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Pro¢ nekonvergujeme k steady-state feSeni? Evolu¢ni problém pro velké casové kroky produkuje “periodické*
oscilace — elasticky kvadiik se navrétil do ptivodni polohy. Jedn4 se o pfechodovy stav a mame tedy steady-state
feSeni napocitané spravné¢? Nepomohlo zvySeni viskozity, které mélo vést k rychlejsi relaxaci neb jsme prestali
konvergovat..

Zkusme tedy nastartovat evolucni fe§i¢ ze steady-state feSeni — méli bychom v ném ztstat. V sekci Simulation
doplnime

Restart File = "fsi_s.result"
Restart Position = 14

A v FsiStuff.f90 ptiddme inflow fci uZ €asové nezdvislou (abychom si feSeni opét hned nezkazili Spatnou
hrani¢ni podminkou), nahradime v sif souboru v hrani¢ni podmince zménime

Velocity 1 = Variable Time
Real Procedure "FsiStuff" "InFlow2"

Y

Jedna se o feSeni naSeho problému, kvadiik prestane oscilovat a zlistane v daném (a tedy staciondrnim) stavu.



