BHYWI-08: Semester-Fahrplan

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 Numerik: Finite Differenzen Methode | (explizit)
24.05.2019 07 Numerik: Finite Differenzen Methode Il {implizit)
31.05.2019 08 Gerinnehydraulik: Theorie = Grundlagen

07.06.2019 09 Gerinnehydraulik: Programmierung, Ubung
14.06.2019 Pfingsten

21.06.2019 10 Grundwassermodellierung: Catchment Ubung
28.06.2019 11 Grundwassermodellierung: Datenbasierte Methoden |
05.07.2019 12 Grundwassermodellierung: Datenbasierte Methoden |1
12.07.2019 13 Beleg
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Fahrplan fur heute ...
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>

Motivation

Lagrange Konzept

Euler Konzept

Reynolds Transport Theorem
Fluxes

Bilanzgleichungen
Erhaltungsgrofien

= viel Theorie - vor allem die mathematische Schreibweise
verstehen "zu lesen”
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NE1ED

regional
@ agquifer system
hydrogeclogical
aquifer structure
||
&
local
@ single pores (fractures)
G a boundary layer
o .

Quellen: Kobus et al. (1995), Kolditz (2002)

Micro- Gaseous phase
organisms
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Lagrange Konzept (1.1.1)
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Euler Konzept (1.1.1)
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Kontinuumsmechanik
Integral- und Differentialrechnung

> Volumenintegral (Zeichnung)

Q/ dQ (1)

b
/ f)dx = lim Z (FXern — F0) Ort — x)

(Xk+1 7Xk)~>0
2)

» Oberflachen-(Ring)-Integral (Zeichnung)

fn-ds (3)

TECHNISCHE
BQ @ UNIVERSITAT
DRESDEN

BHYWI-08-02: Grundlagen der Kontinuumsmechanik // 12.04.2019



Kontinuumsmechanik
Integral- und Differentialrechnung

> Materielle Ableitung

C;—lf = %—1’? +v-Vy 4)
» Gradient (Vektor)
VvV ={0/0x,0/dy,0/0z} (5)
» Divergenz (Skalar)
V -v = 0vyx/0x + 0vy /0y + Ov,/0z (6)

Aufgabe: Was ist v - V4)?
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Reynolds Transport Theorem (Lagrange) (1.1.3)

/zde / d9+f¢ /qwdQ @)

A
Beweisfuhrung:
Siehe Skript
Abschn. 1.1.3
o B Q(t+At)
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Reynolds Transport Theorem (Euler) (1.1.3)

I ,| wyz+a2 AXAY
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i (Dx | X-AXy.z AyAz

D |, sy AXAZ
----- F=> ) B —

/ y D |, s, AXAZ
yd A z
Dl vanye AYAZ !
: @, | xyz-Az AxAy Yy
1
1

X

OY =0y/ox , OV =V

Frage: Ist ®¥ eine skalare oder vektorielle GroRe ?
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Reynolds Transport Theorem (Euler) (1.1.3)
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fq,w.ds:/v.wsz (8)
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o
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Reynolds Transport Theorem (Euler) (1.1.3)

Divergence

fcbw-dsz/v-cb%sz ©)
0N Q
I 17% aS=v-o (10)
ano Q N
o0

Point-Flux
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Reynolds Transport Theorem (Euler) (1.1.3)

General Balance Equation

\@A.ym, Ay
1 g
1 Bl vaz

B,y 082

By luyaye A2

A z
LR !

§ O Y v

! 3

i

Q o0 Q
~ ~" ~~ \_V—/
1 2 3
with:
Rate of change of total amount of quantity « in the control
volume,

Net rate of increase / decrease of v due to fluxes,
Rate of increase / decrease of v due to sources.
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Reynolds Transport Theorem (Euler) (1.1.3)

/ :62/ dm]{wds:/qwdﬂ (12)

Q Q
-~ ~~ N——
2 3

using

fcbd’-dS:/V-CDwdQ (13)

o0

/ YdQ = / ——dQ + / V.- o%dQ = / q%dQ (14)
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Reynolds Transport Theorem

%/gﬁdﬂ:/%—fdﬂ%—/v-dﬂ”dQ:/qwdQ (15)

Q Q Q Q

dy o

Q:
v dat ot

+V.-0¥ =g¥ (16)
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Reynolds Transport Theorem

a f ,dg_/() +V. «I)‘)dﬂ
dt ot

Q Q2

dy . 81/" Ft.i
i - o +v=Vy

/ Lagrange

http://www.cscs.ch/~mvalle/Libro/
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Fluxes (1.1.6)

The total flux ®¥ of a quantity ¢ is defined as

oY = vEy (17)

D, | yze00 AXAY
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Fluxes (1.1.6)

L)

P _
- TV =q¥ (18)
oY = vy (19)
ay _ oY Ey — gt
- o TV (VY)=g (20)
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Fluxes (1.1.6)

OV =vE = vip +(VF - V) (21)
~N Y=
oY op

and, therefore, decomposed into two parts: an advective flux d)f
and a diffusive flux ¢sz relative to the mass-weighted velocity:

> advective flux of quantity ¢
oY = vy (22)
> diffusive flux of quantity ¢ (Fick’s law)
o) = DYV (23)
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Fluxes (1.1.6)

Velocities
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General Balance Equation (1.1.7)

> Integral form

o= [+ [vown- [v@v0- [0

(24)
» Differential form
dyp Oy » -
= o tV W) =V (DVVY) = Q (25)
O s
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Conservation Quantities (1.1.2)

The amount of a quantity in a defined volume Q2 is given by

V= [ dQ(t) (26)
/

where WV is an extensive conservation quantity (i.e. mass,
momentum, energy) and ¢ is the corresponding intensive
conservation quantity such as mass density p, momentum density
pV or energy density e.

| Extensive quantity Symbol | Intensive quantity Symbol
Mass M Mass density p
Linear momentum m Linear momentum density pv
Energy E Energy density e=pi+ %va
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