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Modelovani proudeéni v otevrenych korytech

Modeling Flow in Open Natural and Constructed Channels

1D matematicky model - 1D mathematical model

» HEC-RAS US Army Corps of Engineers, USA
» HYDROCHECK Hydrosoft Veleslavin, Czech republic
» MIKE 11 DHI Group, Denmark

2D matematicky model - 2D mathematical model

» InfoWorks ICM  Innovyze, USA
» FESWMS Finite Element Surface Water Modeling System - FHWA , USA
» MIKE 21 DHI Group, Denmark

3D matematicky model - 3D mathematical model

» MIKE 3 DHI Group, Denmark
» CFD Computational Fluid Dynamics, USA



1D mathematical model HEC-RAS

The program was developed by: US Department of Defense, Army Corps of Engineers

0 HEC - Hydrologic Engineering Center

d RAS - River Analysis System HEC-RAS

Home About HEC ~ Newsletter - Software  Publications - Training - Visitors - Links Contact Us

http://www.hec.usace.army.mil/

HEC-RAS = Download = HEC-RAS 4.1 RECRAS
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Freeware including complete documentation:

HEC-RAS User‘s Manual
HEC-RAS Hydraulic Reference Manual
HEC-RAS Applications Guide e

Example Project
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General Philosophy of the Modeling System

HEC—RAS obsahuje ¢tyri moduly : HEC — RAS contains four components:

Proudéni ustdlené, mmmmmm) |+ Steady flow water surface profile
computation.

Proudéni neustdlené. ) | Unsteady flow simulation.
. Transport sediment. _ e Movable boundary sediment transport

computations.
Kvalitu a jakost vody. ) § oo ouality analysis.

» Prezentace je zaméfena predevSim na || > The presentation is focused on obtaining
ziskani zakladniho prehledu pouzivani a general overview of using the program
programu HEC-RAS na bézné ulohy. HEC-RAS for common tasks.

» Prezentace je zaméfena na aplikaci | » The presentation focuses on the
ustaleného proudéni. application of steady flow.



Ustalené proudeéni - Steady Flow

» vypocet pribéhu hladiny v profilech fi¢ni sité nebo dil¢ich Usecich tokd
» calculationg water surface profile of full network of channels, or a single river reach

»  tesi proudéni ficni, bystfinné, jejich kombinace,
» modeling subcritical, supercritical, and mixed water flow regime

»  tesSi proudéni pres objekty: propustek, most, jez
» modeling flow over objects: bridges, culverts, weirs, and structures

» vypocet pribéhu hladin je zaloZzen na metodé , po Usecich”, vychazi z Bernoulliho rovnice
» computation procedure is based on the solution of energy equation

»  rovnice hybnosti: prechod proudéni bystfinné - fiéni, proudéni pod mostem, soutok.

» momentum equation is utilized in situations where the water surface profile is rapidly
varied. These situations include miwed flow regime calculations (hydraulic jumps),
hydraulics of bridges, stream junctions.

Pozn.: nasledujici pfedstaveni programu je zaméfeno na zakladni strukturu a zakladni popis ¢innosti.



1D model HEC-RAS

Spusténi programu Starting HEC — RAS

Ungteady Flaw:

@ na plose double-click on the HEC-RAS on the desktop

4 HEC-RAS 4.0 =)
File Edit Run Miew ©Opkions Help
=le) K=l=a) Bl (EIEAL o]l
Project: | | g
Flar: | |
Geamnetmy: | |
Steady Flow: | |

| |

|

Description : El | S1 Units
zakladni okno programu HEC-RAS HEC-RAS Main Window
Ovladani programu: Work with program:

» Menu z prvniho radku Menu Bar — top of main window

» pomociikon na radku druhém Button Bar.



HEC — RAS Main Window Button Bar — CHAPTER 3 - HEC-RAS User‘s Manual

Unsteady Flow Data: Unsteady Flow Analysis:
Edit and/or enter Perform an unsteady flow

unsteady flow data

Open Project:

Water Quality

sumulation

Cross Sections:
View cross
section plots

XY Z Perspective Plot:
View 3D multiple cross
section plot

Hvdraulic Properties:
Plots and tables of
hydraulic properties

Open an existing | Data: Enter
project and edit wate
uality data

Geometric Data
Edit and/or enter
geometric Data

Amnalwsis

88 HEC-RAS 4.0.0
il Edt Run VYie Opticed, Held

sSco
1= G = | 2

|5|r'tgleE!ru:Ige Exafnple 2

Proec):

Water Qualitv

General Profile
Plot: View
computed variables

along he channel

Profile Summary Tahle:
WView summary output at
multiple locations by profile
View DSS: View
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|E “HELC
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Steagy Flow: |Beqwer Cr -3 Flnt-m .|' !' ICAHEL Data&HEF-FI.b.S'\Steatl}l E:-:a'nplfs‘\B EdnCRE K.f0

Unztgady Flow: | ]' .I' .I' | .."

Desgriphon : | l I f I' B IS Custorman Units

/

Sediment Sediment ating Curve:
. Data: rsist few

Save Project: ata L Analysis: lew computed
_ -~ | Enter/edat Perform ating curves
Save an existing - .
project sediment Sediment Profile Plot:

data TfﬂﬂSP‘?ﬂ View water surface

Analysis profile plots

Steady Flow Data:
Edit and/or enter
steady flow data

Hydraulic Design Functions:
Perform hydraulic design

computations
Steady Flow Analysis:

Perform a steady flow
simulation

|

Sum Errs, Warn, Notes:
Summary of Emrors,
Wamnings, and Notes

Detailed Output Tahle:
WView detailed output at cross-
sections, bridges. culverts, etc_ .

Stage and Flow Hydrographs:
Plot stage and flow hyvdrographs



1D model HEC-RAS

Soubory projektu:

In HEC-RAS terminology, a Project is a set of data files associated with a particular river
systém. The modelar can perform any or all of the various types of analyses. The basic

data files for a project are categorized as follows:

* name.prj - pro projekt - project

* name. p01 az p99 - pro kazdy plan — plan data

* name. g01 az g99 - pro kazdou variantu geometrickych dat — geometric data

* name. f01 az f99 - pro kazdou variantu okrajovych podminek — steady flow
data

* name. 001 az 099 - vysledkovy soubor pro kazdy pldn - result file for each plan

CHAPTER 3 - HEC-RAS User‘s Manual



1D model HEC-RAS

Zakladni okno programu HEC-RAS - Main Window

H: HEC-RAS 4.0 =

File Edit Run Wiew Options Help

EEIE A =

HT

e e 1 e N [

E|E||E|55| p

JE

Project: |
Plarn: |
Gearmnetmy: |
Steady Flow: |
Unsteady Flaw: |

Crescription | E| |5| Uitz

—Ho
oday
|
|
|
|
|

Prikazy v Menu na prvnim radku zahrnuiji:

Menu Bar — top of Main Window - with the following options:



4. 1D model HEC-RAS

File
New Project - otevreni noveho projektu
Open Project - otevreni existujiciho projektu
Save Project - ulozeni projektu
Save Project As - ulozeni projektu pod jinym ndzvem
Rename Project - prejmenovani projektu
Delete project - smazani projektu

Project Summary - souhrnné informace o projektu

dalsi popis prikazu najdete - further description of commands, see

¥

CHAPTER 3 - HEC-RAS User‘s Manual



1D model HEC-RAS

Edit — zadavani - entering data

Geometric Data - v§ech geometrickych dat

Steady Flow Data - okrajové podminky pro feseni ustdleného proudéni
boundary conditions for solving

Quasi Unsteady Flow - dat pro quasi - neustdlené proudéni, na jehoZ zdkladé

pracuje modul Sediment Data

Unsteady Flow Data - okrajové podminky pro feseni neustdleného proudéni

boundary conditions for solving

Sediment Data - dat potrebnych pro reseni transportu sedimentu

Water Quality Data - dat potfebnych pro Feseni kvality vody

Prikazem ,,Geometric Data” se vytvari soubory geometrickych dat:
command “Geometric Data”

2




1D model HEC-RAS

Edit = Geometric Data

umoznuje otevrit editor geometrickych dat a vytvoreni souboru geometrickych dat
name.g01

Soubor obsahuje zakladni informace typu - The file contains basic information such as:

Zakladni - Basic
* schematizace ricni sité — river system schematic,
e data o pricnych profilech — cross-section and hydraulic structure data,
» data objektl — object data (bridge, weir, culvert,...).

Dalsi funkce napr. — Other features such as:
* pratokové neefektivni plochy —ineffective areas,
* zména drsnostnich soucinitel( v zavislosti na vodnim stavu,
* modelovani ledové pokryvky ¢i ledovych napécht —river ice,
e vymoly u mostnich pilif( — scour at bridges
* Interpolovani priénych profilll — cross-section interpolation,



1D model HEC-RAS

Schematickeé vykresleni trasy - River System Schematic
“_ Geometric Data - pritok E]@

File Edit Wiew Tables Tools GIS Tools Help

Tools | River |Storage | %A Pump RS
Editors Reach | Area Conn. | Station @
—— | p—a O [X12H

D ezcription : B Flat WS estents for Prafile: | [none) -
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= Heralec

166 954
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HTah
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Picture
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07442, 05245




1D model HEC-RAS

Zadavani pricnych profilti — Cross Section Data

Riwver: | Swratka

Reach: | Heralec

=l 3 2

| River Sta:| 167.073

Dezcription

Del Fow |

|::r|:|:5::5: !:;FEI-:tiI:Ir'l |_:|'||'|r|jir'|.E|tE::E: | LDB

IProfil 57 - homi ]

Station | Elesvation |

323
1]
0m
R
B3
9.4
1.4
134
15.67
17.42

g A e e N S B ol T S

—

39.02
38.928
37.95
379
3788
38119
38.928
3912
39.14
39.17

Ihz Fiows | Downstream Beach Lengths
| Chanrel | ROE
il =] 145 |45 |45
0.04 Manning's n Yalues 12
0.02 | LOE | Channel ROE
0.025 | | |
0.025
004 Main Chanrnel Bank Stations
004 | Left Banlk | Right B ank,
0.04 0 1.4
Cont\Exp Coefficient [Steady Flow) @
| Contraction | E xpansion
| [o1 0.3

-l | "z [=] +en| Elot Optione

% | Eeep Prev #S Plats  Clear Prev |

Elewvation (m)

| 04 —-Jr 25 ¢ 025 e 04 —=fng se— g —|

Profil 57 - horni

Legend

39.0% N S — ES PF 1
2551 WS FF 1

] —_—

h Ground
35.6 *

] Bank =ta
35.47
35.2 1
35.07
37+ —————r T

-5 5 10 15 20

Station (m)



1D model HEC-RAS

Zadavani objektl — napt. lavky — Bridge Culvert Data

X Bridge Culvert Data - pritok g@
File Miew Options Help
River: |§Swatka ﬂ | -+ ﬂ|
Reach: |Heraleu: ﬂ River Sta.: |'IEE.E|52 ﬂ ﬂﬂ
Dezcription | E|
Bounding=5's: 166,954 | 166,950 |Distance between: 4 [m]
ROSSE, RE=165.952 Upstream (Bridge) -
200 Legend
Pier | E 3887 Ground
= 3857 .
I c ]
o 3844 Bank Sta
T 3827
Sloping| ©  38.07
Abutment| w 3T
3T E]
3?_4""I""I'"'I""I""I""I
Bridge -10 -5 ] 5 10 15 20
Modeling
Approach
Culvert F==166 952 Downstream (Bridge)
& 300
— = 3887
Multiple | = 35
Opening | S 354
Analysiz | E 350
& 3801
HTah W 375
Pararn. AT 67
A 5 s s 1w 15 =
HTak i i
Curves Station (m)
EH | |
Bridge
Design
Select the river for Bridge/Culvert Editing




1D model HEC-RAS

Zakladni okno programu HEC-RAS - Main Window

H: HEC-RAS 4.0 =

File Edit Run Wiew Options Help

Iﬁlﬁllﬂlri_:lilﬁ =

Project:

HT

e e 1 e N [

E|E||E|55| p

JE

Flar:

Gearmnetmy:

—Ho
oday
|
|
|
|
|

Crescription

E| 51 Units

Zadani okrajovych podminek - Boundary Conditions for solving

Prikaz v Menu na prvnim radku - Menu Bar — top of Main Window:



1D model HEC-RAS

Edit = Steady Flow Data

umoznuje otevrit editor okrajovych podmineka vytvoreni souboru
name.f01

Soubor umoznuje zadani okrajovych podminek dle typu reseného proudéni :

The file allows specification of boundary conditions solved according to the type of
flow

e do dolniho profilu (proudéni ricni) — downstream cross-section (subcritical flow)
* do horniho profilu (proudéni bystrinné) - upstream cross-section (supercritical flow)

* do dolniho i horniho profilu (mix — predpoklad kombinace) - downstream and
upstream cross-section (mixed water flow regime)

V ramci okna se zadava také typ okrajové podminky — viz dalsi obrézek

In the window we select the type of boundary conditions - see next picture



1D model HEC-RAS

okno pro zadavani okrajovych podminek — Steady Flow Data
Steady Flow Data - Boundary Conditions

" Steady Flow Data - bodovy zdroj

File Options

E nter/Edit Humber of FProfiles [25000 max]:

e

Reach Boundary Conditions ... I

Apply Data I

River: I Swvratka

Reach: I Heralec

| River Sta.:|167.073

Flow Change Location

Locations of Flowe D ata Changes

=

Add Multiple.... |

;I Add A Flowe Change Location I

Profile Mames and Flow R ates

Riwer

Reach

RS

FPotok

prvii

0.5

Swvratka

Heralec

167.073

Swvratka

dalni

1EE.820

Svratka

dolni

1E6E6.E78

Steady Flow Boundary Conditions

= Set boundary for all profiles

Aevailable External Boundary Condtion Tepes

Critical Depth |

i Set boundary for one prafile at a time

MHarmal Depth I

Selected Boundary Condition Locationz and Typpes

R ating Curve I Delete

Riwver

Reach

Profile

Upzstream

D owwnztrean

Potok

prvni

all

Junction=zoutok.

Swvratka

Heralec

all

Junchion=zoutok

Swvratka

Steady Flow Beach-Storage Area Dptirmization ... I

dalni

all

F ating Curve

Cancel I

|[Enter ta make the boundary for szelected location a known water surface.




1D model HEC-RAS

Zakladni okno programu HEC-RAS - Main Window

4 HEC-RAS 4.0 =
File Edit Run View Options Help \
2|8 |x]z=la]e Mmgihﬁa B Jei E@]hsﬂ M
Project: | / g
Flar: | /
Gearmnetmy: | /
Steady Flow: | /
Unsteady Flaw: | /

|

E| 51 Units

Descriptinn/

Spusténi vypoctu (Run), prohlizeni vysledkl vypoctu (View):

Performing the Hydraulic Computations (Run), Viewing Results (View):

Prikaz v Menu na prvnim radku - Menu Bar — top of Main Window:



1D model HEC-RAS

Run = Steady Flow Analalysis

spusténi vypoctu

,Steady Flow Analysis“ umoznuje napt. - allows for example:

Volbu typu proudéni - Specification the type of flow regime:
Tk Steady Flow Analysis E]

File ©Options Help

Plan: [Plan 07 Shart 1D |Flan 07

e Ricni - Subcritical GoometyFie:  [prik -
\ Steady Flow File: [hadavy zdroj )
Ny, Flow Regime Plan Dezcription

e Bystfinné - Supercritical ~ # subeitica ]
Yy P EN

(" Supercrtical

/ - Mied
* Mix - Mixed

Enter to compute water surface profil

/

Vypocet se spousti tlaCitkem




1D model HEC-RAS

View
umoznuje prohlizeni vysledkd
Cross Section - vykresleni pricnych profilti
Water Surface Profiles - vykresleni podélného profilu
General Profile Plot - vykresleni zvolené veliciny
Rating Curves - mérna krivka profilu
X-Y-Z Perspective Plot - prostoroveé vykresleni koryta

Stage and Flow Hydrographs - vykresleni hydrogramu

Hydraulic Property Plots - vysledkove tabulky hydr. velicin
Detailed Output Tables - vysledkové tabulky reseného profilu
Profile Table - vysledkové tabulky reseného useku
Summary Err, Warn, Notes - zpravy o vypoctu a chybach

DSS Data - DSS data




1D model HEC-RAS
Priklad reseného pricného profilu
Example of Cross Section

-

Riner: |Svratka ﬂ HIEI | -+ 0 Reload Data

Reach: |Heralec j River Sta.: |1E?.EI?3 ﬂ ﬂﬂ
Profil 57 - horni J
I" 04 -‘dL 025 'I'- 025 'I'- 04 'I'- 04 -‘I'- 04 'I
; z Legend
] WS FF A1
1 -
38.87 Ground
1 *
E ] Bank Sta
— 386
o ]
=] 1
T 1
o 3847
L 4
382
3807
37 &1 - : . . .
-5 ] ] 10 15 20
Station (m)
= A



1D model HEC-RAS

Priklad reseného podéiného profilu
Example of Profile Plot

File Options Help
Reaches . | ¥|t| Profles .. |ﬂE| I~ PlotIntial Condiions  Reload Data
Legend J
ey R EG PF1
56 W PF1
—l—
E 04 Ground
5 LoB
382 -
i ROB
YoEsn
KT
IE
3?4| T T T T T T T T T T T T T T T T T T T T T T T T 1
1] 50 100 150 200 240
Main Channel Distance (m) -
KN | r




4. 1D model HEC-RAS

X-Y-Z prostorové vykresleni situace
Example of X-Y-Z Perspective Plot

g X-r-Z Perspective Plot

File Dptions

Upstream RS: IEI_1EI ;I EE r— 4 B ;I
Downztream BS: Il:l_l:l ;I plelstio gt aale 0 So
Azimuth Angle 36 ;I




Example of Cross Section Layout

- Ineffective Areas

B
iy ™
: A
PR
- | #
- & 1
5 i .
! [
| # o
1 ¢ -
1 ! - -
5\ . - -
L -
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e
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/ Ineffective Area

— Limits of Flood Plain

Figure 3-4 Example Cross Section Layout



Example of X-Y-Z Perspective Plot

Hydraulic Reference Manual



Example of Profile Outpu Table

1D model HEC-RAS

Priklad vystupni tabulky

ﬁ Profile Output Table - Standard Table 1

M=%

File ©ptions Skd, Tables User Tables Locakions Help
HEC-HAS Flan: Plan 0F  Profile: FF 1 Feload D ata |
Reach River Sta | O Tatal | Min Ch El*/.5. Elev| Crit'w.5. | E.G. Elev| E.G. Slope| Yel Chnl | Flow Area| Top *Width | Froude & Chil
[m3/3] (] (] [m] (] [mm] [m/z] [me] (]

Heralec | 167.073 1100 37.ea 339 38.93 00071756 1.14 9.66 11.23 033
Heralec | 167.028 11.00 773 3a.7h 3884 0.006324 1.34 .22 9.41 046
Heralec | 166337 11.00 ar52 Ja.7z J8.7a 0000723 1.05 10.45 3.41 032
Heralec | 166.976 11.00 ar52 Ja.70 2876 0.000357 1.11 997 10.56 034
Heralec | 166.954 11.00 Ir52 J3.68 316 3874 0000322 1.13 9.73 3.4 035
Heralec |[16E.952 Bridge

Heralec | 166.950 11.00 3752 J3.67 3874 0.000335 1.14 9.63 9.41 0.36
Heralec | 1668337 11.00 47 .51 Ja.60 J8.68 0001126 1.24 a.a8 863 033
Heralec | 166.860 11.00 3749 33.57 J8.64 0.000330 1.14 9.63 3.4 036
Heralec | 166830 11.00 3756 3a.57 J8.61 0.000554 Q.34 1314 141 028
dalni 166.820 12.00 37.56 33.56 3860 0.000894 0.93 12.93 1431 0.3
dalni 166.795 12.00 4750 38.50 J8.58 0001182 1.21 933 10.81 0.40
dalni 166.748 12.00 I7.3h J3.45 3852 0001107 1.19 1010 1041 033
dalni 166.712 12.00 3729 3339 38,48 0.0071367 1.28 9.40 1041 0.43
dalni 166.678 1250 3728 33.35 38.43 0.0071256 1.27 9.86 10.241 0.41
dalni 166.653 12580 A6 Ja.24 J8.03 3838 0.003026 1.66 7.h4 10.20 062
dalni 166.652 Bridge

dalni 166.648 12580 3733 33.21 3834 0002453 1.56 3.0z 10.20 .56
dalni 166.607 1250 3716 3313 37.84 3824 0.002090 1.50 3.3 10.00 0.53

Total fHow in cross section,




Options

* Program Setup

* Default Parameters
* Unit System

* Convert Project

4 HEC-RAS 4.0 ——

1D model HEC-RAS

- nastaveni nékterych funkci programu
- nastaveni standardnich hodnot

- nastaveni uzivatelskych jednotek

- prevod mezi jednotkami

B[] X

File Edit Runm View { Options ) Help

Unsteady Flow:

[ 1 5 e L ] [ T 1
Froject: | | g
Flar: | |
Geometry: | |
Steady Flaw: | |

| |

|

Drescription

E| 51 Units
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Dekuji za pozornost

Thank you for your attention




