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Organizace seminafre, ukoly, ilohy a zavazky

Idea letosnich jednookych:

Z pasivniho seminare piesedlat na seminaf aktivni — pracovni. Cilem je zakladni zvladnuti netrivialni trojalohy
1. Formulace fyzikalniho problému

2. Slaba formulace a jeji diskretizace pomoci metody konecnych prvki FEM (Finite Element Method)

3. Implementace problému do jednoho z FEM fes$ict (Elmer, COMSOL)

Néavrhy tloh:

Relaxace kraterti (P.Maierova)

Ohyb viskoelastického nosniku (O. Soucek , P. Maierova)

Level-set modelovani diferenciace kapek (lavova lampicka KG) (M.Ulvrova )

Vlastni kmity nejakého zajimavého télesa (napt. (ne)predpjatého zvonu, (ne)Zeme) (E. Zabranova)
Seismicky zdroj pro Elisku (D. Cervinkova)

Vypocet 3D rychlostniho pole antarktického ledovce v oblasti Dronning Maud Land (O. Soucek)
Deformace elastické membrany promeénlivé tloustky (tbd. asap)

Pokles hladiny na vtoku do kasny (vedouci p. doc. Matyska)

. Rayleigh-Benardovy nestability (Libor Sachl)

Vase dalsi navrhy jsou vitany

N

Vybrana tloze bude pfidélen stycny distojnik (Casto jeji autor), ktery bude nejvice usilovat o jeji uspésné
zvladnuti tymem, ktery si ku praci pfizve.

Z kazdé lekce bude potizovan zapis slouzici k uchovani ziskanych pracovnich postupii i ostatnim a nam v ¢ase
budoucim. Tento kol bude klast na fesitele a jeho podptrny tym jisté naroky, pekny tutorial nam vsak bude
vSem sladkou odménou.

Vice se v tuto chvili fici neda, realita (byt’ virtualni) ndm nachysta prekvapeni sama.

ELMER - tivod
Co a kdo je ELMER ?

e Uvodni poznamky z Elmer Basic Course, 28th May 2008, CSC, Espoo by Peter Raback
ElmerIntroSlidesMay2008_course.pdf

e  Oficialni stranky ELMERu http://www.csc.fi/elmer

o Diskuse https://postit.csc.fi/sympa/arc/elmerdiscussion/2008-06/ = ¢asty zdroj pouceni ve chvilich
nejvétsiho zoufalstvi. Tvlrci Elmeru jsou velmi vstiicni a ochotni jak radit, tak kod ménit a vylepSovat
potiebam fyzikalni komunity, nebojme se je proto sami oslovit s tim, Ze potiebujeme solver na
viskoelasticitu, apod.

e  Zdrojovy kdd ptes SVN (subversion control) plus dokumentace http://sourceforge.net/projects/elmerfem/

Instalace ELMERu

e Install tutorial by Thomas Zwinger: Elmerlnstall.pdf



LINUX
Nejlépe ptes svn (subversion) stdéhnout aktualni verzi

svn co https://elmerfem.svn.sourceforge.net/svnroot/elmerfem elmerfem

a poté spustit prilozeny skript (pro instalaci s mpi a Hypre
http://acts.nersc.gov/hypre/) samozfejmé po patficéném drobném doladéni
cest, nazvu balikl apod.

#!/bin/bash

echo $PATH

#the OpenMPI wrapper

export CC=mpicc

export CXX=mpic++

export FC=mpif90

export F77=mpif90

#the compiler flags

export CFLAGS="-I/opt/Elmer/include -fPIC -I/opt/Elmer/hypre/include"
export FCFLAGS="-I/opt/Elmer/include -fPIC -I/opt/Elmer/hypre/include"
export F77FLAGS="-I/opt/Elmer/include -fPIC -I/opt/Elmer/hypre/include"
export FFLAGS="-I/opt/Elmer/include -fPIC -I/opt/Elmer/hypre/include"
#linking needs Hypre included

export LDFLAGS="-L/opt/Elmer/hypre/lib -1HYPRE"

#paths; linking needs Hyper and MPI

export ELMER HOME="/opt/Elmer"

export MPI_HOME="/usr/local"

export PATH=$PATH:/opt/intel/fce/10.1.015/bin

export LD LIBRARY PATH="/usr/local/lib:$LD LIBRARY PATH"

export LD LIBRARY PATH=" /opt/Elmer/lib: $LD7LIBRARY7PATH"

export LD_LIBRARY_ PATH="/opt/intel/fce/10.1.015/1ib:$LD_LIBRARY_ PATH"
export LD LIBRARY PATH="/opt/Elmer/eio-5.4.0:$LD_LIBRARY_ PATH"

export LD LIBRARY PATH="/opt/Elmer/hypre/lib:$SLD LIBRARY PATH"

# make the modules

modules="matc umfpack mathlibs meshgen2d eio hutiter fem"

# configure and build

for m in $modules; do

cd $m

./configure --prefix=$ELMER HOME --with-mpi-dir=$MPI_ HOME

make clean

make

make install

cd

done

WINDOWS
e  Viz. http://sourceforge.net/projects/elmerfem/

Kde je ELMER?
Vlastni jadro solver ElmerSolver na geof30, geof40, geof50

ElmerFront (pre-procesor) a ElmerPost (post-procesor) pouze na geof40

Zkouska:
ElmerSolver
ElmerFront
ElmerPost

Kdyby to bylo zapotiebi, nastavit cestu (na vSech vyse zminénych strojich),
V /home/~jmeno/.bashrc

export PATH = $PATH:/opt/Elmer/bin

coz by m¢lo zabrat

Jak spoustét Elmer z windowsovskych stroju: Putty

Plus jak na grafické programy (xfig, ElmerFront, ElmerPost) pfes putty z windows (by F.Gallovi¢):
1. Nainstalovat novou verzi cygwinu (http://www.cygwin.com/)

2. Zvoleb co instalovat nechat v§e default, krom X11 kde install

3. Nejlépe do Startup (PoSpusteéni) dodat kam_instalovano\cygwin\usr\X11R6\bin\startxwin.bat




4. Pustit putty a povolit v nastaveni Connection->SSH->Tunnels Enable X11 forwarding
5. Ulozit session i pro pristé
Prvni kricky v Elmeru

Tutorial ElmerTutorials.pdf
Vyzaduje jiz nainstalovany novy graficky preprocesor ElImerGUI — tbd. asap

Uloha z lofiska — teGeni ledu:

Model teceni ledu (ISMIP-HOM B —benchmark viz. http://homepages.ulb.ac.be/~fpattyn/ismip/ )

e 2-D model teceni ledu po naklonéné sinusové zvinéné plose ( kde no-slip) , free surface na povrchu a
periodické podminky hranicich vpravo a vlevo

e led coby nenewtonovska viskoézni kapalina

e  bez teplotni zavislosti

1.) ElmerGrid — nastroj pro pripravu sité

e Command-line input
e  Sit vytvofime v COMSOLu (coz jiz umime: obdélnik, pak bud’ unstructured mesh nebo 1épe
obdélnikové elementy pomoci mesh->mapped mesh parameters), exportujeme (export mesh as

.mphtxt) a ptekonvertujeme do Elmer formatu ptikazem:
ElmerGrid 9 2 ice.mphtxt

Jak si prohlidnout své dilo?

ElmerGrid 9 3 ice.mphtxt
Vytvoti .ep soubor, ten otevieme pomoci EImerPost a Display Mesh Lines

e Command-file input
e Vytvorime ice.grd file s nasledujici strukturou

***%* ElmerGrid input file for structured grid generation *****
Version = 210903
Coordinate System = Cartesian 2D
Subcell Divisions in 2D =1 1
Subcell Limits 1 =0.0 1.0
Subcell Limits 2=0.0 1.0
Material Structure in 2D

1
End
Materials Interval =1 1
Boundary Definitions
!'type out int

1 -1 1 1 !down

2 -2 1 1 Iright

3 -3 1 1 Itop

4 -4 1 1 Heft
End

Numbering = Horizontal
Coordinate Ratios = 1
Decimals = 12

Element Innernodes = False
Element Degree = 1
Triangles = False

Element Divisions 1 =20
Element Divisions 2 = 20

Pielozime pomoci EImerGrid 1 2 square.grd



Vznikne adresar /square se 4 ASCII soubory mesh.boundary, mesh.elements, mesh.header, mesh.nodes

Prohlédneme opét pomoci
ElmerGrid 1 3 square.grd
ElmerPost

Zbyva preskalovat a zdeformovat sit”:
e Bud rucné (F90 programek) editovat soutadnice v mesh.nodes
e Nebo pfidame do .grd nasledujici fadky:
Geometry Mappings
! mode line limits(2) Np params(Np)
1 11000.0 1000.0 4 0.0 0.0 2.00000000e+04 -1.74537356e+02
10 1000.0 1000.0 4 0.0 0.0 2.00000000e+04 -1.74537356e+02
50 1000.0 1000.0 4 0.0 2.00000000e+04 1.0 500.0
End

Ulozime jako novy soubor mesh.grd, pfelozime pomoci
ElmerGrid 1 2 mesh.grd

ElmerSolver

Vlatni jadro Elmeru, ovladani bud’ pomoci grafického interface EImerFront, nové pomoci ElmerGUl
nebo parametrickym souborem ice.sif (solver input file):

echo on

$L =20.0e3
$Slope = -tan(0.5 * pi/ 180.0)

Header
Mesh DB "." "mesh B"
End

Constants
! No constant needed
End

TRERERRRRrrrrrrrrrrrreernnmn

Simulation
Coordinate System = Cartesian 2D
Simulation Type = Steady State

Steady State Min Iterations = 1
Steady State Max Iterations = 1

Output File = "ice".result"

Post File = "ice".ep"

max output level = 100
End

TRERERERRrrrrrrrrrrerrnmn

Body 1
Equation =1
Body Force =1
Material = 1
Initial Condition = 1
End

TRERERRRRrrrrerrrrrreeernnm

Initial Condition 1



Pressure = Real 0.0

Velocity 1 = Real 0.0

Velocity 2 = Real 0.0
End

TRRRRERRRrrrrrrrerereereeennnnn

Body Force 1

Flow BodyForce 1 =Real 0.0

Flow BodyForce 2 = Real -9.7696e15 'MPa -a-m
End

TRERERRRrrrrrrrrrrrerrrrnn

Material 1
Density = Real 9.1376e-19 ! MPa-a-m

Viscosity Model = String "power law"
Viscosity = Real 0.170998¢0 ! MPa-a-m
Viscosity Exponent = Real 0.333333333333333333
Critical Shear Rate = Real 1.0e-10

End

TRERERRRrrrerrrrrrrreerrnnnn

Solver 1
Equation = "Navier-Stokes"

Stabilization Method = String Bubbles

Linear System Solver = Direct
Linear System Direct Method = umfpack

Nonlinear System Max Iterations = 100

Nonlinear System Convergence Tolerance = 1.0e-5
Nonlinear System Newton After Iterations = 5
Nonlinear System Newton After Tolerance = 1.0e-02
Nonlinear System Relaxation Factor = 1.00

Steady State Convergence Tolerance = Real 1.0e-3
End

TRRRRERRrrr e eeereeernennnnn

Equation 1

Active Solvers(1) =1

NS Convect = Logical False
End

TRERERRRRTrrrrrrrrrerererrnnnnn

! Bedrock

Boundary Condition 1
Target Boundaries = 1
Velocity 1 = Real 0.0e0
Velocity 2 = Real 0.0e0

End

! Periodic Right
Boundary Condition 2
Target Boundaries = 2
Periodic BC =4
Periodic BC Translate(2) = Real $§ (L) (L*Slope)
Periodic BC Velocity 1 = Logical True



Periodic BC Velocity 2 = Logical True
Periodic BC Pressure = Logical True
End

! Upper Surface
Boundary Condition 3

Target Boundaries = 3
End

! Periodic Left
Boundary Condition 4

Target Boundaries = 4
End

Solver spustime ptikazem: EImerSolver ice.sif
Vysledky opét vizualizujeme pomoci EImerPost otevienim /ice/ice.ep
Az doted’ jenom dalsi FEM solver. Co to umi navic? Paralelizace!!!

Jak Elmer paralelizuje?

e MPI

e Rozdélime vypocetni oblast na N podoblasti
e  ElmerSolver_mpi — paralelni verze solveru

Mame v soucasnosti k dispozici 12 procesortt 3x4 na geof30, geof40, geofS0
Step-by-step paralelizace nasi tlohy
1. Rozdéleni sité

Pouzijeme ElmerGrid rutinu k rozdéleni jiz vytvorené sité napf. nasledovné:

e ElmerGrid 2 2 mesh -metis 8

Metis rutina rozdéli vypocetni oblast na 8 nepravidelnych souvislych podoblasti podobné velikosti
Prohlédnéme si opét vysledek:

EImerGrid 2 3 mesh -metis 8 -out meshp

ElmerPost

Pfipadné explicitné pfedepiseme, jak délit (keyword -partition x-déleni y-déleni z-déleni)
e ElmerGrid 2 2 mesh -partition 8 1 1

2. Vytvorime soubor ELMERSOLVER STARTINFO, ktery bude obsahovat nazev sif souboru (ice.sif)

3. Neni tfeba jakkoli modifikovar solver-input-file ice.sif, o vSe se postara paralelni verze solveru
ElmerSolver mpi

4. Do souboru hosts vepiSeme stroje, které chceme vytizit i.e. napt. geof40, geof50

5. Spustime solver
mpirun -np 8 -x LD _LIBRARY_PATH -hostfile hosts ElmerSolver_mpi

Ziskame N vystupnich .ep soubort, které mtizeme spojit do jednoho: v /mesh
ElmerGrid 15 3 ice -out icep



