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Zeitplan: Hydroinformatik |l

16.04.2021 | 01 Einfihrung in die Lehrveranstaltung | Tools L
23.04.2021 | 02 Grundlagen: Kontinuumsmechanik L
30.04.2021 | 03 Grundlagen: Hydromechanik L
07.05.2021 | 04 Grundlagen: Partielle Partialgleichungen L
14.05.2021 | 05a | Tools: Compiler, Python, Jupyter E
14.05.2021 | 05b | Ubung: Elliptische PDG E
21.05.2021 | 06 Ubungen: Ubersicht und Werkzeuge E
28.05.2021 | — Pfingsten

04.06.2021 | 07 Grundlagen: Naherungsverfahren L
11.06.2021 | 08 | Numerik: Finite-Differenzen-Methode (explizit) | L
18.06.2021 | 09 | Numerik: Finite-Differenzen-Methode (implizit) | L
25.06.2021 | 10 Reserve L/E
02.07.2021 | 11 Ubung: Diffusionsprozesse E
09.07.2021 | 12 Ubung: Gerinnehydraulik E
16.07.2021 | 13 Ubung: Grundwassermodellierung E
23.07.2021 | 14 Beleg: Besprechung zur Vorbereitung L
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Konzept

dy O E
E = 81 + vV

Anwendung

LT

Programmierung
Visual C++

Prozessverstandnis @ﬁﬁ,‘;&%
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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/

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

Python, die Zweite (Path)

E Bython 3.7.3 (32-bit) Setup

—

L=

python

for

windows

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
CAUsers\adm_lokalAppData\Local\Programs\Python\Python37-32

Includes IDLE, pip and documentation
Creates shortcuts and file associations

% Customize installation
Choose location and features

[ Install launcher for all users (recommended)
=

Add Python 3.7 to PATH [ cancel
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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 - O b4
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Naherungsverfahren

Approximation Methods

Discrete Methods Hybrid Methods
Boundary Domain Method of Integral
Methods Methods Characteristics | | Transformations
Finite Difference Method Finite Element Method
Standard Finite Volume Method =~ Weighted Residuals Variational
FDM FVM MWR Methods
Galerkin Methods Collocation
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FDM Anwendungen - MODFLOW
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Figure 2. Example of model grid for simulating three- oy TEr
dimensional ground-water flow Figure 7. Application of particle TRAVEL TIME. IN YEARS
tracking lo estimate ground-waler
travel Bma < " 00 000 000 00000

http://water.usgs.gov/pubs/FS/FS-121-
97 /images/fig7.gif
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Ableitungen

Al At
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Taylor-Reihe

in time
AT [9my]"
n+1 _
g _Z m! {81””]- 1)
m=0 J
At = ¢ ¢
X
i+l in space
u; o0
il N Ax™ [9mul"
fa=> 0 |5 @
m=0

Ax = Xjp1 = X
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d At? [92u]"

n+1 =y "+ At |:8Ltl:| +T 8—; '+0(At3) (3)
Lt
ul™  Ax? [9%ul"

ulhy = uf + Ax [8)(} t 5 |9 +0(Ax°) (4)
LYX 1

siehe auch Trunkationsfehler (letzte Vorlesung)
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1. Ableitung

[Ou]" Uf“ —u’ At [0%2u]” ’
e, = a2 [W]J +0(AL) 5)
oul"  uly—ul Ax [9%u]” 2
Ox];  Ax 2 [8)(2 i +0(Ax) (6)
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Differenzen-Schemata

Forward difference approximation

n

oul” . an.|_1 -y
[5],- = 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

n n oul”  Ax? [5u]” 3
oul”  Ax? [u]” 3
ul ;1 = ui —Ax [—] + — [—] —0(Ax?) (10)
J J Ox | ; 2 |0x?];

Central difference approximation

oul” _ Ul — Ul 2
[axL = R oA (11)

TECHNISCHE
UNIVERSITAT
DRESDEN

HyBHW-1-02-8 @ 2021 - Finite-Differenzen-Methode // 11.06.2021



Ableitungen

Al At
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2. Ableitung

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

Q

(13)
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Ubersicht Differenzenverfahren

n+l I n+l
n- . - n
]-1 ] Ik}
n=1
=1 j- "
FTCS Richardson
n+| o——o0—o n+l
no—Jb—e n
i
n-1
=1 jojw
Crank-Nicolson 3LFI
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Diffusionsgleichung

g2 0 (14)
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Analytical solution for diffusion equation (Skript 5.2.2)

» Diffusion equation

» Analytical solution

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

» K: validity
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Ubersicht Differenzenverfahren

n+l I n+l
n- . - n
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Explizite FDM - FTCS Verfahren (Skript 3.2.2/4.1)

» PDE for diffusion processes

» forward time / centered space

@ n - ujn+1 _ ujﬁ @ n N uf'_l — 2UJn + UJn+1 (18)
ot i At Ox2 ; Ax?
> substitute
+1
o N = St ke SR (19)
At Ax2
» FTCS scheme for diffusion equations

n+l _  n alt n n n — O[_At
Ut = sz(uj—l 2uf + ufy), Ne = Ax2 %qu‘)gsyggg,cfg.ﬁ
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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 = 2u) + ujlyy) (21)

» Check consistency of the algebraic approximate equation,

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

> Investigate stability behavior of the scheme.

OBt _ 4o (23)

Ax2 —

Ne =
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Losung des FTCS Schemas

Algebraische Schema

n+l _ . n alAt n n n
ult = uf + N (uq —2ui + uflyy) (24)
Resultierendes Gleichungssystem
u"tl = Au" n=0,1,2,.. (25)
B alAt oAt 7]
1-2 Ax2  Ax? ul
alt " . %,
Ax? ’ ’ uz
A — . . . , un —
n
alt u"P*2
. N n
alt 1— 5aAt u”P—l
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Ubung: EX08: explizite Finite-Differenzen-Methode

EX08: explizite Finite-Differenzen-Methode

1.0 -
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Ubung (alt) BHYWI-08-03-E
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FDM: Explizit

Progamm-Dialog

r 5
W] Explicit FOM Simulator (9 fomto]

BHYWI-08: HYDROINFORMATIK II
E3: FDM Simulator (explizit)

| Initial conditions |

Boundary conditions
Material conditions
Run simulation
Run al |

Teaching
nGeoSys .

Dialog-Klasse: Konstruktor
Dialog::Dialog
Elemente
Connects
Layout

Datenstrukturen
(Speicherreservierung)
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FDM: Explizit

Ergebnisse

al\t
| | Ne=— <05 26
_____ T AR (26)

......
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Explizite und implizite Differenzenverfahren

j-1 j j+ j-1 i j+1
FTCS Richardson DuFort-Frankel
n+| o———0——o n+l n+l
n_o—Jl—o n n
T I B A I I B B4
n-1
=1 j

Linear FE.M./
Crank-Nicolson 3LFI Crank-Nicolson
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Implizites Differenzenverfahren: Next Lecture

Algebraische Schema:

92y n+1 _ uj(r:rll 2 Jn+1 + un_:-ll
ox? Ax2 (27)
J
J{H—l —u ujgjll 20 n+1 n un+1
N Ax2 =0 (28)
alt
N (— "+1 + 2u”+1 uffll) + u}’“ =uf (29)
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