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Zeitplan: Hydroinformatik [l

16.04.2021 | 01 Einflihrung 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: N&herungsverfahren 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 Grundlagen: Gerinnehydraulik L
02.07.2021 | 11 Ubung: Gerinnehydraulik E
09.07.2021 | 12 Ubung: Diffusionsprozesse E
16.07.2021 | 13 Ubung: Grundwassermodellierung E
23.07.2021 | 14 Beleg: Besprechung zur Vorbereitung L
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Anwendung

Programmierung
Visual C++

1L DR,

Prozessverstandnis
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Hydroinformatik - Anwendungen

Abfallwirtschaft: Diffusionsprozesse
Hydrology: Gerinnehydraulik (— this)

Grundwasserwirtschaft: Grundwasserhydraulik (— next)
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Wiederholung:
BHYWI-08-10
Gerinnehydraulik - Grundlagen

DDDDDDDD



Energiebetrachtung #3: Bernoulli

Flow
" Bottom

Downstream

Upstream

PLAN VIEW

______ e verte
Datum

SECTION a-a

Figure: Trapezgerinne Paine (1992)
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Numerisches Verfahren #1

» Funktional: Energieerhaltung

2 2
= (1 2 ) o (1 32 ) o ranSrot o)

2gA? 2gA? 2
(1)
» Newton-Verfahren: x = h
f(he) Ry
hiy1 = h — hy+ 2
k+1 k T+ F1(he) k T+ P (2)
> f/(h) = f'(y)
d v\ d Q2 Q2 dA
Shr )= (h ) =1 20
dh ( * 2g> dh ( * 2gA2) PrEpTEC)
dA  d
% - % (y(B + yC4)) - B + 2yC4 (41)ECHNISCHE
(DRSS
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Numerisches Verfahren #2

Bleibt noch die Differenzierung der Streckenverluste

i (anes) =@ (o) ©
= @ (d/:'h R—4/3) + (A‘2 de_h4/3> (7)
.= Q2 (—2A‘3%R_4/3) + (A‘Q%Rqﬁ(;—':) (8)
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Numerisches Verfahren #2

Bleibt noch die Differenzierung der Streckenverluste
dSr o _d ([ Q \°
ah T dh (AR2/3) )

4
S¢ = [Qz(By + C4y2>1°/35(8 + CSY)1/3C5]

—10Q?

n [(B +y6) 0% gy 4 g2 4 2c4y>](10)
St = ngCs(By + Cay?)0B(B + Goy)'B

10 -
— S @B +2Gy)(B+ Gy)*(By + Gy?) PP (11)
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Ubungen
BHYWI-08-11
Gerinnehydraulik
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Levels of programming ...

> Q&D: Ubung 1
(BHYWI-08-05-E):
Funktionalitat

> OOP: Ubung 2
(BHYWI-08-06-E):
Modularitat

» GUI: Ubung 3
(BHYWI-08-07-E):
Interaktion (Ausgabe)

> GUI: Ubung 4
(BHYWI-08-08-E):
Interaktion (Eingabe)

~ hisg

Zj —

Zi+1

BHYWI-08-05-E > BHYWI-08-11A
BHYWI-08-06-E > BHYW!I-08-11B
BHYWI-08-07-E > BHYW!I-08-11C
BHYWI-08-08-E > BHYWI-08-11D
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Levels of programming ...

> Q&D: Ubung 1

(BHYWI-08-05-E): Gbunges P
Funktionalitat Gerinnehydraulik =~ [or

> OOP: Ubung 2 H—Erewecamm”' l—lzus_
(BHYWI-08-06-E): re— |
Modularitat T

> GUI: Ubung 3 [T T
(BHYWI-08-07-E): TR
Interaktion (Ausgabe) [ Aln-one |

» GUI: Ubung 4 - =
(BHYWI-08-08-E): : £
Interaktion (Eingabe) ’
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Qt Prinzip
main.cpp ‘m”\' - l Dialog::Dialog

dialog‘cpp ~— BHYWI-08: HYDROINFORMATIK II ‘ 1) Elements
E4: FDM Simulator (implizit)
2) Connects
3) Layout
4) Definitions (data strucs)

solver.cpp ¢
plotter.cpp ¢

Here we can set text ...

Run simulation | ‘ Dialog::on_pushButtonIC_clicked()

how resuits ;‘ Dialog::on_pushButtonBC_clicked(
Teachmg | Dialog::on_pushButtonMAT_clicked()
OpenGeoSys U Dialog::RunTimeLoop()
Dialog::on_pushButtonSHO_clicked()

TECHNISCHE
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Ubungen
BHYWI-08-11A
Gerinnehydraulik
QAD
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Programmstruktur

BHYWI-08-11A

int main(int argc, char *argvl[])
{
// Geometrie
// Anfangsbedingungen
// Randbedingungen
// Parameter
// Berechnungsgréfen
// Berechnung (1. Iteration des Newton-Verfahrens)
// Ausgabe der Ergebnisse
// File
// x-y Plot

TECHNISCHE
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Geometrie

BHYWI-08-11A

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

{...
// Geometrie
int n = 11;

double x[n];
for(int i=0;i<n;i++)
x[i] = -100. + i*10.;
double bottom_elevation[n];
for(int i=0;i<n;i++)
bottom_elevation[i] = 0.04 - i*0.004;
1
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Anfangsbedingungen

BHYWI-08-11A

int main(int argc, char *argv[])
{...
// Anfangsbedingungen

double u_old[n];
u_01d[0]=0.244918436659073; //-100

u_old[1]=0.243; //-90
u_old[2]=0.242293545352681; //-80
u_o0l1d[3]=0.241; //-70
u_o0ld[4]=0.240216955447788; //-60
u_old[5]=0.235; //-50
u_o0ld[6]1=0.225684124843115; //-40
u_0ld[7]=0.223; //-30

u_0l1ld[8]=0.220898136369048; //-20

u_0l1ld[9]=0.201434531839821; //-10

u_o0ld[10]=0.1; //0
.}

TECHNISCHE
Warum so genau? gallEVSEDRESNITAT
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Randbedingungen

BHYWI-08-11A

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

{...
// Randbedingungen
u_old[10] = 0.1; // Wasserstand fluBabwirts [m]

double u_new[n];
u_new[10] = 0.1; // Wasserstand fluBabwirts [m]

.}

Tafelbild
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Definition der konstanten Modellparameter

BHYWI-08-11A

int main(int argc, char *argv[])
{...
// Parameter
double discharge = 0.05; // VolumenflieSrate [m3/s]
double gravity = 9.81; // [m/s2]
double friction_law_exponent = 0.5; // Chezy, Manning-St:
double error_tolerance = 1le-3; // [m]
double bed_slope = 0.0004; // [m/m]
double bottom_width = 1.; // [m]
double m = 1.; //
double friction_coefficient = 10.; //

.

Tabelle . TECHNISCHE
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Definition der funktionalen Modellparameter

BHYWI-08-11A

int main(int argc, char *argv[])
{...
// BerechnungsgroBen
// Newton-Verfahren
double wetted_perimeter[n];
double wetted_cross_section[n];
double water_level_elevation[n];
// Abgeleitete Grofen (Ausgabe)
double hydraulic_radius[n];
double flow_velocity[n];
double Froude_number [n];
double friction_slope[n];

.
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Berechnung der funktionalen Modellparameter

BHYWI-08-11A

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

{...
for(int i=0;i<n;i++)
{
wetted_perimeter[i] = bottom_width + 2.*sqrt(1.+m*m)*u_old[il;
wetted_cross_section[i] = (bottom_width + m*u_old[i])*u_old[i];

hydraulic_radius[i] = wetted_cross_section[i] / wetted_perimeter[i];

water_level_elevation[i] = bottom_elevation[i] + u_old[il;

flow_velocity[i] = discharge/wetted_cross_section[i];

Froude_number[i] = flow_velocity[il/(sqrt(gravity*wetted_cross_section[i]\
/sqrt (bottom_width*bottom_width+4.*m*wetted_cross_sectio

friction_slope[il = pow(flow_velocity[il/(friction_coefficient*
pow(hydraulic_radius[i],friction_law_exponent)),2);

TECHNISCHE
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Newton-Verfahren

BHYWI-08-11A

B f(he) Ry N
hk+1-— hk-— F(hk) —-hk-— J = u_old — (12)

int main(int argc, char *argv[])
{...
double N,N1,N2,N3,D,D1,D2,D21,D22;
for(int i=0;i<n-1;i++)
{
N1 = pow(discharge,2)/pow(wetted_cross_section[i+1],2) + gravity*u_old[i+1];
N2 = pow(discharge,2)/pow(wetted_cross_section[i],2) + gravity*u_old[il;
N3 = gravity*(bed_slope - (friction_slopel[i+1]+friction_slopel[i])/2.)*(x[i+1]-x[i]);
N = N1 - N2 - N3;
D1 = pow(discharge,2)/pow(wetted_cross_section[i],3) * (bottom_width+2.*m*u_old[i]) - gravity;
D21 = friction_law_exponent*2.*(sqrt(1+m#m))/wetted_perimeter[il;
D22 = (1.+friction_law_exponent)/wetted_cross_section[i] * (bottom_width+2.*m¥u_old[i]);
D2 = gravity*friction_slope[i]*(D21-D22)* (x[i+1]-x[il);
D = D1 + D2;
u_new[i] = u_old[il - N/D;

TECHNISCHE
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Ausgabe > File

BHYWI-08-11A

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

{...
ofstream out_file("out.txt");
out_file.precision(4);
out_file << "Water depth (old):\t";
for(int i=0;i<n;i++)
{

out_file << "\t" << u_old[i] << " ";

}

out_file << endl;

out_file << "Water depth (new):\t";
for(int i=0;i<n;i++)
{

out_file << "\t" << u_new[i] << " ";
}
out_file << endl;
out_file.close();

} TECHNISCHE
. @ UNIVERSITAT
DRESDEN
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Ausgabe > File

BHYWI-08-11A

3 outtet - Editor [
Datei Bearbeiten Format  Ansicht 2
p 25 o
Tieration:
water dEp[h (old): 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.1
wetted perimeter: 1.71 1.71 1.71 1.71 1.71 1.71 1.71 1.71 1.71 1.71 1.28
wetted cross section: 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.11
Hydraulic radius: 0.183 0.183 0.183 0.183 0.183 0.183 0.183 0.183 0.183 0.183 0.0857
water level elevation: 0.29 0.286 0.282 0.278 0.274 0.27 0.266 0.262 0.258 0.254 0.1
Flow velocity: 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.455 E
Froude number : 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.479
Friction slope 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0241
Water depth (new) 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.242 0.1
Iteration:
'water dEp(H (old): 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.242 0.1
wetted perimeter: 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.73 1.69 1.28
wetted_cross SE(UDH 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.326 0.301 0.11
Hydraulic radiu: 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.179 0.0857
water level E]evatum: 0.299 0.295 0.291 0.287 0.283 0.279 0.275 0.271 0.267 0.246 0.1
Flow velocity: 0.153 0.153 0.153 0.153 0.153 0.153 0.153 0.153 0.153 0.166 0.455
Froude number : 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.105 0.118 0.479
Friction slope: 0.00125 0.00125 0.00125 0.00125 0.00125 0.00125
water qepth (new): 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.253 0.242 0.1
Iteration:
water depth (old): 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.267 0.253 0.242 0.1
wettled perimeter: 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.72 1.69 1.28
wetted cross section: 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.317 0.301 0.11
Hydraulic radius: 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.185 0.179 0.0857
water '\EVE'\ E]e\lathn: 0.307 0.303 0.299 0.295 0.291 0.287 0.283 0.279 0.261 0.246 0.1
0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.158 0.166 0.455
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.11 0.118 0.479
0.00113 0.00113 0.00113 0.00113 0.00113 0.00113
0.274 0.274 0.274 0.274 0.274 0.274 0.274 0.262 0.253 0.242 0.1
0.274 0.274 0.274 0.274 0.274 0.274 0.274 0.262 0.253 0.242 0.1
1.78 1.78 1.78 1.78 1.78 1.78 1.78 1.74 1.72 1.69 1.28
0.349 0.349 0.349 0.349 0.349 0.349 0.349 0.331 0.317 0.301 0.11
Hydraulic radius: 0.197 0.197 0.197 0.197 0.197 0.197 0.197 0.19 0.185 0.179 0.0857
water level elevation: 0.314 0.31 0.306 0.302 0.298 0.204 0.29 0.274 0.261 0.246 0.1
Flow velocity: 0.143 0.143 0.143 0.143 0.143 0.143 0.143 0.151 0.158 0.166 0.455
Froude number : 0.0962 0.0962 0.0962 0.0962 0.0962 0.0962 0.0962 0.104 0.11 0.118 0.479
Friction slope: 0.00104 0.00104 0.00104 0.00104 0.00104 0.00104
water depth (new): 0.28 0.28 0.28 0.28 0.28 0.28 0.27 0.262 0.253 0.242 0.1
< n ] »

TECHNISCHE
UNIVERSITAT
DRESDEN

Olaf Kolditz - Hydroinformatik 1l // HyBHW- 11 @ 2021 - Gerinnehydraul 02.07.2021



Ubungen
BHYWI-08-11B
Gerinnehydraulik
OOP
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Konzept

BHYWI-08-11B: OOP

Diffusion simulator o ()W

Function simulator

2
‘Initial conditions-lr du

‘Boundary conditionéf +

Para meter%

Rurt
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Dialog-Klasse

BHYWI-08-11B: OOP

Dialog::~Dialog()

void Dialog:
void Dialog:
void Dialog:
void Dialog:

void Dialog:

ron_pushButtonIC_clicked()
:on_pushButtonBC_clicked()
:on_pushButtonMAT_clicked()
:on_pushButtonRUN_clicked()

:on_pushButtonSHO_clicked()

Anfangsbedingungen
Randbedingungen

Materialeigenschaften

Berechnung
(Newton-Verfahren)

Ausgabe (Datei, Grafik)
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Ubungen
BHYWI-08-11C
Gerinnehydraulik
GUI
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Ausgabe > Grafik

BHYWI-08-11C

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

Plotter plotter;

plotter.setWindowTitle (QObject::tr("My Function Plotter"));

QVector<QPointF> points0;

QVector<QPointF> pointsi;

double 1;

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

{
1 = -100. + 10.%*i;
points0.append(QPointF(1,u_01d[i]));
pointsi.append(QPointF(1,u_new[i]));

}

plotter.setCurveData(0, points0);

plotter.setCurveData(l, pointsi);

PlotSettings settings;

settings.minX = -100.0;

settings.maxX = 0.0;

settings.minY = 0.0;

settings.maxY = 0.4;

plotter.setPlotSettings(settings);

. TECHNISCHE
plotter.show(); UNIVERSITAT
DRESDEN

...}
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Ausgabe > Grafik

BHYWI-08-11C

Il My Function Plotter
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Anlage
BHYWI-08-11B

Gerinnehydraulik
OOP
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Algorithmus (bleibt der gleiche ...)

BHYWI-08-11B

int main(int argc, char *argvl[])
{
// Geometrie
// Anfangsbedingungen
// Randbedingungen
// Parameter
// Berechnungsgréfen
// Berechnung (1. Iteration des Newton-Verfahrens)
// Ausgabe der Ergebnisse
// File (Ubung E10A)
// x-y Plot (Ubung E10B)

TECHNISCHE
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Dialog-Klasse

BHYWI-08-11B

Dialog: :~Dialog()

void Dialog::on_pushButtonIC_clicked()
void Dialog: :on_pushButtonBC_clicked()
void Dialog: :on_pushButtonMAT_clicked()
void Dialog: :on_pushButtonRUN_clicked()
void Dialog: :on_pushButtonSHO_clicked()

TECHNISCHE
UNIVERSITAT
DRESDEN

Olaf Kolditz - Hydroinformatik 1l // HyBHW-1-02-11 @ 2021 - Gerinnehydraulik - Ubungen - 02.07.2021



Anfangsbedingungen

BHYWI-08-11B

void Dialog: :on_pushButtonIC_clicked()
{
// 2 Anfangsbedingungen
u_o0ld[0]=0.244918436659073; //-100
u_old[1]1=0.243; //-90

u_0ld[9]1=0.201434531839821; //-10

u_01d[10]=0.1; //0
pushButtonIC->setStyleSheet ("background-color: green");
pushButtonBC->setEnabled (true) ;

out_file << lineEditIC->text().toStdString() << endl;
double IC = lineEditIC->text().toDouble();

for(int i=0;i<n-1;i++)

{
u_old[i] = IC;

TECHNISCHE
UNIVERSITAT
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Randbedingungen

BHYWI-08-11B

void Dialog: :on_pushButtonBC_clicked()

{
// 3 Randbedingungen
double BCR = 0.05;
BCR = lineEditBCR->text().toDouble();
out_file << BCR << endl;
u_old[10] = BCR; // Wasserstand fluBabwirts [m]
u_new[10] = BCR; // Wasserstand fluBabwirts [m]
pushButtonBC->setStyleSheet ("background-color: green");
pushButtonMAT->setEnabled(true) ;

TECHNISCHE
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Materialparameter

BHYWI-08-11B

void Dialog: :on_pushButtonMAT_clicked()
{
// Parameter
discharge = 0.05; // VolumenflieBrate [m3/s]
gravity = 9.81; // [m/s2]
friction_law_exponent = 0.5; // Chezy, Manning-Strickler
error_tolerance = 1e-3; // [m]
bed_slope = 0.0004; // [m/m]
bottom_width = 1.; // [m]
m=1.; //
friction_coefficient = 10.; //
pushButtonMAT->setStyleSheet ("background-color: green");
pushButtonRUN->setEnabled (true) ;
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Berechnung: Newtonverfahren

BHYWI-08-11B

// Newton iteration loop
for(int k=0;k<kn;k++)
{...

RunNewtonStep() ;

-}
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All-in-one

BHYWI-08-11B

void Dialog: :on_pushButtonALL_clicked()
{
on_pushButtonIC_clicked();
on_pushButtonBC_clicked();
on_pushButtonMAT_clicked();
on_pushButtonRUN_clicked() ;
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Anlage
BHYWI-08-11C

Gerinnehydraulik
GUI
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GUI Layout

BHYWI-08-11C

Ubung E9 0.25
Gerinneh ydrauﬁk Jox
Here we can set text . IDS—

Show resulks |

| All-in-one I
P w

A [
B
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main()

BHYWI-08-11C

int main(int argc, char *argv[])
{
QApplication a(argc, argv);

Dialog w;

//splash.finish(&w); //test
w.setWindowTitle ("FDM Simulator");
w.setFixedWidth(300) ;

w.show();

return a.exec();
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plotter ()
BHYWI-08-11C

Il My Function Plotter
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Qt Prinzip

main.cpp O hing e ...~ »Dialog::Dialog
dialog.cpp o\wf":"f:”" — _e==" | 1) Elements
solver.cpp ¢ S 2) Connects
plotter.cpp 3) Layout

4) Definitions (data strucs)

Dialog::on_pushButtonIC_clicked()
Dialog::on_pushButtonBC_clicked(
Dialog::on_pushButtonMAT_clicked()
Dialog::RunTimeLoop()
Dialog::on_pushButtonSHO_clicked()
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Anlage
Software-Engineering

GitHub
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Lehre-Repository
https://github.com/0lafKolditz/Hydroinformatik-IT

https://github.com/0lafKolditz/Hydroinformatik-
II/tree/master/BHYWI-08-11

Python Version:

https://github.com/0lafKolditz/Hydroinformatik-
IT/tree/master/BHYWI-08-11/BHYWI-08-11-Python
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