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Zeitplan: Hydroinformatik |l

17.04.2020 | 00 | Einfiihrung in GoToMeeting (Web-Conferencing)

17.04.2020 | 01 | Einfiilhrung in die Lehrveranstaltung

24.04.2020 | 02 | Grundlagen: Kontinuumsmechanik

08.05.2020 | 03 | Grundlagen: Hydromechanik

15.05.2020 | 04 | Grundlagen: Partielle Partialgleichungen

22.05.2020 | 05 | Installation: Python, Qt C++

29.05.2020 | 06 | Grundlagen: Naherungsverfahren

05.06.2020 | 07 | Ubungen: Ubersicht und Werkzeuge

12.06.2020 | 08 | Numerik: Finite-Differenzen-Methode (explizit)

19.06.2020 | 09 | Numerik: Finite-Differenzen-Methode (implizit)

26.06.2020 | 10 | Anwendung: Gerinnehydraulik (Theorie)

03.07.2020 | 11 | Anwendung: Gerinnehydraulik (Ubung)

10.07.2020 | 12 | Anwendung: Grundwassermodellierung  (daten-
basierte Methoden)

17.07.2020 | 13 | Beleg: Besprechung zur Vorbereitung
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Fahrplan

Ubung
> Python ...

Vorlesung
» Grundlagen der Finite Differenzen Methode
» Approximation methods
» Finite difference method — FDM (Ch. 3)
P Taylor series expansion
» Derivatives
» Diffusion equation
» (Finite element method — FEM =- Hydrosystemanalyse)
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Python, die Zweite (Path)

https://www.python.org/downloads/

. Download Python | Pythonorg. X

PRSI ® & Python Software Foundation (US) | hitps//wwwpythonorg/downloads] B ~on neo =

Python

 python -

About  Downloads  Documentation ~ Community  SuccessStories  News  Events

p—
Download the latest version for Windows m ‘N
y ython for W ws, |/

thon? Pre-releases

cific releases

c gaPyCharm L Wl proceeds b ”InePSF,{DonzleMowJ

Looking for a specific release?

Python releases by version number:

Release version Release date Click for more v
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https://www.python.org/downloads/

Python, die Zweite (Path)

g Python 3.7.3_(32—b'|t} Setup s L =k
| Install Python 3.7.3 (32-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

& Install Now
Ch\Users\adm_lokal\AppData\Local\Programs\Python'Python37-32

Includes IDLE, pip and documentation
Creates shortcuts and file associations

I < Customize installation
Choose location and features

python

for Install launcher for all users (recommended)

windows [7] Add Python 3.7 to PATH
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Python, die Zweite (Path)

Zwei Optionen:

Python deinstallieren, neu installieren und " Add Python to
PATH"

"PATH" nachtraglich erganzen (unterschiedlich fiir
verschiedene Windows-Versionen), am besten googeln

[B¥ Eingabeaufforderung - python - m} x
i ft Win ion 10.0
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Naherungsverfahren

Approximation Methods

7 Discrete VMethods Hybrid Me!hods
Boundary Domain Meth-od of Integral
Methods Methods Characteristics | Transformations
iFinile Difference Method 7 Finite Element Method
Stanﬁard 7 Finite VoWufne Method | = Weighted ‘Residuals Variational

FDM FVM MWR Methods

Galerkin Methods Collocation
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FDM Anwendungen - MODFLOW

= Cells inside of
Cells outside of aquiler system

aquifer system

Figure 2. Example of model grid for simulating three-
dimensional ground-water flow.

IMULATED GROUND -WATER
Figure 7. Application of particle eyl TFME??N YEARS
tracking to estimale ground-water

travel time. 100 1000 10000 >100000

<1 10

http://water.usgs.gov/pubs/FS/FS-121-

97 /images/fig7.gif
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Ableitungen
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Taylor-Reihe

in time
[o¢] n
At™ [0Mu
n+1
Y mz::o m! {81””]] (1)

At = ¢ ¢

X:
i+l in space
u; -
j+l , Axm [9my]"
W= T ), ©

Ax = Xj41 = X
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ul"™ At [9%u]”
n+1 __ n 3
ut =i + At [_ﬁt]j +— __6t2_j + 0(At>) (3)

+0(AxX3) (4)

u? = u" + Ax ou n+ AX? —a2u—n
AR Ox | 2 [0x?];
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1. Ableitung

[oul"” Uf“ —u' At [82u] " 9

e +0(AP) (5)
|0t | At 2 ot ];

fou]”  ul,—ul Ax [9%u]”

Ou" a4 L [W] 4 0(Ax2) (6)
LY~ J
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Differenzen-Schemata

Forward difference approximation

n

oul” . an.|_1 -y
[5]1_ = S o(ax) (7)

Backward difference approximation

oul” - uj’ — uf’_l
[a]] = T + O(AX) (8)

Central difference approximation

ul" Ul —uly 2
[axL = Ho T ) (9)
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Zentrale Differenzen

oul™  Ax? [8%u]"
Uf’_i_l = UJU + Ax |:8—X:| . + T [W] ' + O(AX3)
j
oul”  Ax? [5u]” 3
Uf’_l = Ujﬁ — Ax [a]] + T [W]J — O(AX ) (].0)
Central difference approximation
oul” _ U — U +0(Ax?) (11)
Ox i 2Ax
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Ableitungen
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2. Ableitung

5~ = (5]
0x?2 i Ax \ | Ox 1 8xj
i 1

(12)

Q

(13)
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Ubersicht Differenzenverfahren

n+l n+l n+l
n.o—l—o_ n

n-1 n-1
TR 10 e
FTCS Richardson DuFort-Frankel
n+} o——0——0 n+l n+l
n o——=~5—o n n
J L I B B I I B B
n-1
-1 j 1
! b Linear FEM./
Crank-Nicolson 3LFI Crank-Nicolson
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Diffusionsgleichung

720 (14)
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Analytical solution for diffusion equation (Skript 5.2.2)

» Diffusion equation ey
ou 0%u
— =0 15
ot “ox (15)

» Analytical solution

u = sin(mx)e"*"  (16)

> K: validity
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Ubersicht Differenzenverfahren

n+l n+l n+l
n.o—l—o_ n

n-1 n-1
TR 10 e
FTCS Richardson DuFort-Frankel
n+} o——0——0 n+l n+l
n o——=~5—o n n
J L I B B I I B B
n-1
-1 j 1
! b Linear FEM./
Crank-Nicolson 3LFI Crank-Nicolson
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Explizite FDM - FTCS Verfahren (Skript 3.2.2/4.1)

» PDE for diffusion processes
—a=—5 =0 (17)

» forward time / centered space

@ n - ujn+1 _ ujﬁ @ n N uf'_l —_ 2UJn —+ an+1 (18)

ot i At Ox? ; Ax?
> substitute

+1
qu’ — qu’ B uj’_l — 2uj’ + qu’H o (19)
At “ Ax2 -
» FTCS scheme for diffusion equations
41 alAt _ aAt
Uf = Uj’ + Ax2 (UJF_]_ - 2”_](1 + u_/ﬂ—i-l) 3 Ne = m 0‘)ECHNISCH_E

UNIVERSITAT
DRESDEN

BHYWI-08-08 @ 2020 - Finite-Differenzen-Methode // 12.06.2020



Eigenschaften numerischer Verfahren

Analysis of approximation schemes consists of three steps:
» Develop the algebraic scheme,
» Check consistency of the algebraic approximate equation,

» Investigate stability behavior of the scheme.
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Eigenschaften numerischer Verfahren

Analysis of approximation schemes consists of three steps:

» Develop the algebraic scheme,

alt
Ax?

u™t =y 4

i j (ufy =20} + ujlyy) (21)

» Check consistency of the algebraic approximate equation,

aelim1L(f) = L(ulta g])] = O (22)

> Investigate stability behavior of the scheme.

Al _ 4 (23)

Ax2 —

Ne =
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Losung des FTCS Schemas

Algebraische Schema

n+l _ , .n alAt n n n
UJ- = UJ' =+ E(Uj_l — 2“] + Uj+1) (24)
Resultierendes Gleichungssystem
n+1 n
u" = Au , n=0,1,2,.. (25)
B alAt oAt 7]
1- 2AX2 Ax? ul
alt " . %,
Ax? ’ ) Uz
A — . . . ’ u’ =
n
: alt Unp—2
: Ax2 n
afAt 1 _"HaAt Unp—1
L Ax? Ax? | TECHNISCHE
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Ubung BHYWI-08-03-E
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FDM: Explizit

Progamm-Dialog

(&9 Explicit FOM Simulator (-2 [ |
E3: FDM Simulator (explizit) Dialog: :Dialog
[ Initial conditions ] Elemente
Boundary conditions ConneCtS

Material conditions

Layout

Datenstrukturen
(Speicherreservierung)

Run simulation
Run all

Teaching

OpenGeoSys
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FDM: Explizit

Ergebnisse

27 My Function Plotter
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] My Function Plotter

al\t
Ne=— <05
€ Ax2 —

How sensitive ? TECHNISCHE
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Explizite und implizite Differenzenverfahren

j-1 i j+l

n-1

o I TR

FTCS Richardson
n+} o—0———0 n+l
n o——=—&é—o n

i

n-1

Tt I I A3

Crank-Nicolson 3LFI

n-1

J LI I B
DuFort-Frankel
n+l

n

I I B B

Linear F.E.M./
Crank-Nicolson
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Implizites Differenzenverfahren: Next Lecture

Algebraische Schema:

2 qn+l n+1 n+1 n+1
[8 u L
Ox?
J

n+1 2u n+1+un+1

R RN = —0
At sz
alt n+1 n+1 n+1 n+1 n
m( +2U uj+1)+uj = U

(27)

(28)

(29)
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