BHYWI-08: Semester-Fahrplan 2019

Vorlesungen

05.04.2019 IT: GitHub / Qt Installation
12.04.2019 02 Grundlagen: Kontinuumsmechanik
19.04.2019 -- Ostern

26.04.2019 03 Grundlagen: Hydromechanik

03.05.2019 04 Grundlagen: Partielle Differentialgleichungen
10.05.2019 05 Grundlagen: Numerik, Qt Ubung: Funktionsrechner
17.05.2019 06 Einfuhrungin Python

24.05.2019 07 Numerik: Finite Differenzen Methode | (explizit)
31.05.2019 08 Hausaufage

07.06.2019 09 Numerik: Finite Differenzen Methode Il (implizit)
14.06.2019 Pfingsten

21.06.2019 10 Gerinnehydraulik: Theorie — Grundlagen
28.06.2019 11 Gerinnehydraulik: Programmierung, Ubung
05.07.2019 12 Grundwassermodellierung: Datenbasierte Methoden
12.07.2019 13 Beleg
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Fahrplan fur heute ...

Implicit FDM for diffusion equation (section 4.2)

BHYWI-08-03: Ubung explizite FDM

L08-07: Implicit FDM for diffusion equation
BHYW!I-08-04: Ubung implizite FDM
Qt Basics
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Letzte Vorlesung: explizite FDM




Letzte Vorlesung: explizite FDM - Zeitschrittbegrenzung

1| My Function Plotter
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Letzte Vorlesung: explizite FDM - Zeitschrittbegrenzung
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Ziel der Vorles

ung

Diffusion simulatol
Function simulator
Initial conditions
Boundary conditicn?
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Diffusion Equation

Here we can set text ..,

Initial conditions

Run simulation

Shiow results.
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Implicite FDM - Theory #1 (Skript 4.2)

» PDE for diffusion processes

gi-0 (2)
» Time discretization
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» Forward time / centered space
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» (Current time / centered space)
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Implicite FDM - Theory #2 (Skript 4.2)

» Substitute into PDE

un+1 _ .
j j -1~ 4 it _ g (6)

At Ax?

» Algebraic equation (index notation)

al\t

+1 +1 +1 1 _
N (—uy + 20 —uTH) +ulT = o (7)
> Algebraic equation (matrix notation)
Ax=Db (8)
» Explain steps with black board (L) INVERSITAT
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Implicite FDM - Theory #3 (Skript 4.2)

> Algebraic equation (matrix notation)

Ax =b (9)

» Algebraic equation (index notation)

Ne (— "+1 + 2u"+1 uJ”fll) + uJ"Jrl uf (10)

> Let's take a closer look ...
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Implementation #1

» Data structures (as usual ...)

Dialog::Dialog(QWidget #*parent) : QDialog(parent)
{

matrix = new double[n*n];

vecb = new double[n];

vecx = new double[n];

}

Dialog::"Dialog()

{
delete [] matrix;
delete [] vecb;
delete [] vecx;

}
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Implementation #2

» Functions (a pain in the neck ...)

AssembleEquationSystem() ;
Gauss (matrix,vecb,vecx,n);

void Dialog::AssembleEquationSystem()
{...

int 1,j;

// Matrix entries

for(i=0;i<n;i++)

{
vecb[i] = u_old[i]; // RHS Vektor
for(j=0;j<n;j++)
{
matrix[i*n+j] = 0.0;
if(i==j) // Hauptdiagonale
matrix[i*n+j] = 1. + 2.%Ne;
else if(abs((i-j))==1) // Nebendiagonalen
matrix[i*n+j] = - Ne;
}
}
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Implementation #3

» Boundary conditions - concept

Ax=Db (12)
g ug

oo..o| =179 (13)
Up 0
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Implementation #4

» Boundary conditions - implementation

void Dialog::AssembleEquationSystem()
{...
// Treat boundary conditions
for(i=0;i<n;i++)
for(j=0;j<n;j++)
{

if(i==0| |i==n-1)
matrix[i*n+j] = 0.0;
}

for(i=0;i<n;i++)

if (i!=0&&i!=n-1)

continue;
for(j=0;j<n;j++)
{

if (i==j3)

matrix[i*n+j] = 1.0;
else

matrix[i*n+j] = 0.0;
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Solving EQS - How to ... the magic Gauss function

> 1
aiiur + appu, = by (14)
aruy + axntp = by (15)
> 2
ai au an
A — U+ ap—tUr=—b (16)
az an ari
> 3
axail ai
<— — 812> Uy = —b2 — b1 (17)
a1 ani
> 4
i) (18)
U2 = 3,3
Ea O E
DRESDEN
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Implementation #5

Il My Function Plotter

Figure: Zeitliche Entwicklung des Diffusionsprofils - implizites Verfahren
(Wahoo...)
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Implementation #6: Run multiple time steps

_
1 Implicit FOM (2 i)

BHYWI-08: HYDROINFORMATIK I
E4: FDM Simulator (implizit)

- Einzelne Zeitschritte

Here we can set text ...

Initial conditions - Mehrere Zeitschritte
I ST - Weiterfiihren der Berechnung
Material conditions
[ Run time step ] void RunTimeStep();
[ Run smulation ] void RunTimeLoop();

void ContinueTimeLoop();

[ Continue simulation ]

Teaching

OpenGeoSys
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C+-+Basics (Star Wars ...)

> ... just a star (¥*)

void Dialog::on_pushButtonSHO_clicked()
{
Plotter *plotter = new Plotter;

plotter->show();
}

» ... for better plotting (in your life)

void Dialog::SHOBetter()
{

plotterAI0->show();
}
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C++Basics (... the difference (the whole story))

> Plotter declaration
class Dialog : public QDialog
{...
private:
Plotter *plotterAIO;
}
» Plotter declaration ... otherwise
Dialog::Dialog(QWidget *parent) : QDialog(parent)
{...
plotterAIO0 = new Plotter;
}
> Finally ready to use ...
void Dialog::SHOBetter ()

{...
plotterAIO->show();
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Qt Basics - E10

» QLineEdit

Initial conditions | 10.0]
Baundary conditions | I 10.0

- read ik
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BHYWI-08: Semester-Fahrplan
Ubungen

05.04.2019 00 Gitund QT (Lars Bilke)
03.05.2019 01 Qt:HalloWorld
10.05.2019

17.05.2019

02 Qt: Funktionsrechner

03 Qt: Explizite Finite-Differenzen-Methode
04 Qt:Implizite Finite-Differenzen-Methode
05 Qt: Gerinnehydraulik| (QAD)

06 Qt: Gerinnehydraulik Il (OOP)

08 Qt: Gerinnehydraulik IV (interaktiv)

https://github.com/envinf/Hydroinformatik-II ONEREITAT
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