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Zeitplan: Hydroinformatik I+ll
Sommersemester 2026: Stand: 06.04.2026

| Nr. KW | Datum D ' Thema
01+02 | 16 17.04.2026 | UW-BHW-414-01/02 | Einfuhrung in die Vorlesung, Umweltinformatik
03 16 | 17.04.2026 | UW-BHW-414-03 Werkzeuge, Hello World (in C++)
05 17 | 24.04.2026 | UW-BHW-414-04 Selbststudium: Software-Installationen
07 19 | 08.05.2026 | UW-BHW-414-05 Objekt-Orientierte Programmierung: C++, Klassen
09 20 15.05.2026 | UW-BHW-414-06 Programmiersprache Python
11 21 | 22.05.2026 | UW-BHW-414-07/08 | Modellierung, Digitalisierung - Wasser 4.0
00 22 | 29.05.2026 Vorlesungsfreie Woche
13 23 05.06.2026 | UW-BHW-414-09/10 | KI, Maschinelles Lernen, Neuronale Netzwerke
15 24 12.06.2026 | UW-BHW-414-11/12 | Kontinuumsmechanik, Hydromechanik
17 25 | 19.06.2026 | UW-BHW-414-13/14 | Differentialgleichungen, Naherungsverfahren
19 26 | 26.06.2026 | UW-BHW-414-15 Finite-Differenzen, explizite Verfahren
21 27 | 03.07.2026 | UW-BHW-414-16 Finite-Differenzen, implizite Verfahren
23 28 | 10.07.2026 | UW-BHW-414-17 Gerinnehydraulik, Grundwasserhydraulik
25 29 | 17.07.2026 | UW-BHW-414-M Grundwasserhydraulik
27 30 | 24.07.2026 | UW-BHW-414-N Zusammenfassung, Klausurvorbereitung
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Fahrplan fur heute ...

UW-BHW-414-16: FDM implizit
m Semesterplan
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Fahrplan fur heute ...

Implicit FDM for diffusion equation (section 4.2)

[ explizites Finite-Differenzen Verfahren

Implizites FDM Verfahren
Gleichungssysteme losen
Ubungen ins eigene Jupyter Notebook iibertragen

Gerinnehydraulik (nichtlineares Problem)
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Letzte Vorlesung: explizite FDM mit Python

%) Figure 1 — [u] X
Hydroinformatics Il (Olaf Kolditz)
B Qt 5.12.0 for Desktop (MinGW 7.3.0 64 bit) - run - m] X Exercise BHYWI-08-03-for-python
Finite-Difference-Method (explicit)
3.0 4 —— Data loaded from file: out.cvs
2.51
2.0
154
> 1.0
» Einfache Berechnung (keine 05
Gleichungssysteme) 00
» Zeitschrittbegrenzung: Viele 031
Zeitschritte erforderlich, um den “Loq ‘ ‘ ‘ ‘ :
. v . 0.0 0.2 0.4 0.6 0.8 10
stationaren Zustand zu erreichen x
| €|/ Q)=

.. . . .. Technische
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Letzte Vorlesung: Ubersicht FDM Verfahren
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Letzte Vorlesung: explizite FDM - Zeitschrittbegrenzung

At
Ne = a5 < 0.5 (1)
2

At < 052X 2)
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Ziel der Vorlesung

jmffusionsimumo J oo << alte Version: C++ Programmierung (sehr
Function simulator,

Pv aufwendig)
Initial conditiongff
Boundary conditions{— 8 iy Fancton Poter
Para meter%

ur

Pisplaf——

=

2%
FunctionSimulator
Diffusion Equation

Here we canset text ...

Initial conditions

Run simulation

i

Show results:

>> Python /Jupyter Notebooks
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Implicite FDM - Theory #1 (Skript 4.2)

> PDE for diffusion processes

» Time discretization

] - F_u

(4)
» Forward time / centered space
2 ]- ot 2_ e )
ox?2

» (Explicit scheme: Current time / centered space)

o%u / 1= 2u + u 6
ol N iUnfc:::f[:i
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Implicite FDM - Theory #2 (Skript 4.2)

» Substitute into PDE

u(1+1 —yn u(zj-l _ 2u(1+1 + un+1
J J j—1 J Jj+1 0 7
- b - ( )
At Ax

» Algebraic equation (index notation)

alt

n+1 n+1 n+1 n+1l _ ,n
N% (—u"y + 207 —ulT) + Ul =y (8)

j+1 J
» Algebraic equation (matrix notation)
Ax=b 9
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Implicite FDM - Theory #3 (Skript 4.2)

» Algebraic equation (matrix notation)
Ax=Db (10)

» Algebraic equation (index notation)

Ne (—u ”*1 + 2u”Jrl - uj’jll) + ul'f’“ =ul (11)

» Let’s take a closer look ...

1+ 2Ne —Ne Uo bo
—Ne us b1
.| = (12)
. —Ne Up—1 b,-,_1
—Ne 1+ 2Ne Un by
~— ~— Y )
; x T O
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Ubungen

= Qt Version: BHYWI-08-04-E
= Python Ubung: EX09-fdm-implicit



t in a nutshell

_~

Dialog::on_pushButtonBC_clicked(
Dialog::on_pushButtonMAT_clicked()
Dialog::RunTimeLoop()
Dialog::on_pushButtonSHO_clicked()

main.cpp T g e ... Dialog::Dialog
dialog.c b ] T e | 1) Elements
(Change dischililf value
solver.cpp e === | 2) Connects
plotter.cpp E— 3) Layout
g;ﬁ: 4) Definitions (data strucs)
onease T |
| p\ P i | Dialog::on_pushButtonIC_clicked()
J \

7 1y Funcion Ploter - 0 x l}(uﬂm:
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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 1i,3j;
// Matrix entries
for(i=0;i<n;it++)
{
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;
3
} Technische
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Implementation #3

» Boundary conditions - concept

[Moo..of| ™ |- (14)
Un 0
Q
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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!=08&i!=n-1)
continue;
for(j=0;j<n;j++)

if(i==3)
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
ai1U1 + a1aUp = by (15)
ayiUy + axu; = by (16)
> 2
a1 a1 a1
Oy1——U1 + Ay —Uy = —b; (17)
azi a1 ax1
> 3
ax2011 a1
< - 012) Uy = —by — by (18)
a1 azy
> 4
Qup, — b
2 1
_ an
uz — axa11 —a (19)
a1 12 Technische
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Implementation #5

Il My Function Plotter

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

1 Implicit FOM (-9 [

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

Here we can set text ... = Einzel.ne ZeItSChritte
e | SAEE - Mehrere Zeitschritte
o diti . .
P e - Weiterfiihren der Berechnung

Material conditions

[ Run time step | void RunTimeStep() 5
] void RunTimeLoop();
void ContinueTimeLoop();

[ Run simulation

[ Continue simulation ]
Teaching

OpenG
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Ubungen

= Qt Version: BHYWI-08-04-E
= C++/Python Ubung: EX09-fdm-implicit



EXQ9-fdm-implicit-C++

run.bat

= Compilation: g++ main.cpp solver.cpp
= Run: a.exe
= Plotting: data_from_file.py
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EXQ9-fdm-implicit-C++

O N o U AW N e

N N S =
U A W N P O

#include <vector>

#include <fstream>

extern void Gauss(double *matrix, double *vecb, double *vecx, int g);
void AssembleEquationSystem();
int n = 101;

double* matrix;

double* vecb;

double* vecx;

double Ne;

vector<double> u_new, u_old;
std::ofstream out_file;

int main(int argc, char *argv[])

{

Listing: C++ code for implicit FDM: Data structures
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EXQ9-fdm-implicit-C++

1 int main(int argc, char *argv[])
2 {

3 //1-Definitionen

4 //1.1 Diskretisierung

5 //1.2 Loesungsvektoren

6 //1.3 Kennzahlen, Parameter

7 //1.4 Ausgabe

8 //2-Anfangsbedingungen

9 //3-Randbedingungen

10 //4-Diskretisierung

11 //6-Berechnung: FDM Verfahren

12 //AssembleEquationSystem();

13 //6.1 Matrizen berechnen

14 //6.2 Randbedingungen einbauen
15 //6.3 Gleichungsloeser: Gauss(matrix,vecb,vecx,nj);
16 //6.4 Ergebnisse speichern

17 3}
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EXQ9-fdm-implicit-C++

Hydroinformatics Il (Olaf Kolditz)
EX09: Finite-Difference-Method (implicit)

3.0

—— Data loaded from file: out.cvs

<¢
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Arbeit mit dem git Repo

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

#Aenderungen lokal erledigt

#show remote URL

git remote -v

#add to push list

git add hydroinformatik-jupyter-notebook.ipynb

git add .

#commit

git commit -m "short description what has been done"
#push

git push origin
git push origin [branch]

#advanced (verschiedene Repos)
git push --set-upstream origin [branch]
git push --set-upstream other-repo [branch]
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