UNIVERZITET U BEOGRADU
GRADEVINSKI FAKULTET
ODSEK ZA HIDROTEHNIKU | VODNO-EKOLOSKO INZENJERSTVO

DOKTORSKE STUDWE
MEHANIKA FULUIDA — NAPREDNI KURS

MODELIRANJE TURBULENCUE U
PRIZMATICNOM KANALU PRIMENOM
SOFTVERAIRIC 3.0

Profesor: Student:
Prof. dr DuSan Prodanovié Ognjen Govedarica

Beograd, 2018



Sadrzaj

* Opis i cilj zadatka

* iRIC - NaysCUBE

* Kreiranje mreze

* Zadavanje parametara

* Zadavanje prepreke

e Zadavanje promenjive hrapavosti u kanalu
e Rezultati — varijanta 1

e Rezultati — varijanta 2

 Zakljucak



OPIS | CIL) ZADATKA



pesak sonda pesak
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3L=84 cm L=28 cm 2L=56 cm
POZNATO
geometrija kanala: uslovi tecenja:
prizmaticni kanal nizvodna dubina H,,= 23 cm
duZina L=4m protok Q=11 L/s
Sirina B=24 cm
. y TRAZI SE
dimenzije sonde:
duzina L= 28 cm UPOREDITI RASPORED BRZINA:
Sirina B= 16 cm * po §irivr?i _
visina: h=2,3 cm * po duzini




IRIC - NaysCUBE



IRIC - NaysCUBE

* Softver za proracun trodimenzionalnog tecenja u
otvorenim tokovima i za proracune defromacije recnog
korita

* Moze da simulira sekundarna strujanja, opstrujavanje oko
objekata u tokovima, tecCenje u tokovima sa ili bez
prepreka

* Pogodan je za simuliranje ogranicenog dela reke

* Nije pogodan za simuliranje celog Sirokog podrucja reke



KREIRANJE MREZE



Algorithm:

Description:

Create grid from pelygonal line and width

Create grid from river survey data

Create grid by dividing rectangular region

Create grid by dividing rectangular region (Loengitud
Create compound channel grid

Create grid shape solving Poisson equation

| Multifunction Grid Genarator

Cartesian Grid for MaysEddy x64
Simple Grid Generator

J [ cancel




Algorithm:

Description:

Create
Create
Create
Create
Create
Create
| Multifu
Cartesi
Simple

" Grid _
Groups

Frmm—Tr— Select Channel Shape |Straight - |

Cross Sectional Shap... Grid Patern of Zigzag Channel PatternI  ~
Channel Shape Para...

Bed and Channel Sha... Cross Sectional Shape IE‘@E Cr}:yéssecﬁm il l
Upstream and Dawn.. Compound Cross Section Pattern iF‘arargr(tu Main Channel ~ |
Width Variation

Bed Condition

Prizmatic¢an kanal

Goam aid) [cane



Groups

Single Cross Section

Channel Shape

|Cross Sectional Shap... Width (m) 0.24

Channel Shape Para... - — —
Bed and Channel Sha... Mumber of Grid in Lateral Direction 12

Upstrearn and Down...
Width Yariation
Bed Condition Mumbers of Grids

Compound Channel

Left Floodplain Sirina kanala: 24 cm

Low Water Channel

Right Floodplain

55 _| Velicina celije:
Low Water Channel Depth{m) SIS Ay=0,02 m

Bank Slope Raitio of Low Water Channel Br. éellja pO §IrInII 12

Mumbers of Grids in Low Water Channel Bank | 1= _:

Simple Compound Channel -
Channel Width

Left Flood Channel Width(m) [ 0.3
Low Water Channel Width{m) _ 0.3

Right Flood Channel Width{m) ' 0.3 |

With Straight or Meandering Levees

Total Width(m) 2]
Low Water Channel Width{m) - III-. 3_-:
Left Levee Distance from Channel Center(m) | 2

Right Levee Distance from Channel Center{m} | 2|

ECreate Grid_] [ Cancel




Groups
Channel Shape

Cross Sectional Shape Para...

Channel Shape Parameters

Bed and Channel Shape
Upstream and Downstream ...
Width Variation

Bed Condition

Wave Length of Meander{m) 4

Wave Mumber 1 '-:
Meander Angle{degree) III
Mumber of Grids in One Wave Length \ 200:—

Meander Angle{degree) Q|
Meander Wave Length{m) 3
Phase Lag from LWC{m) 0

Kinoshita Meander Parameters D u2| Nna ka Nna Ia . 4 m

Additionl Meander Angle(degree) 1II|
ni{wave Mumber of the second term) | 3|

Br. ¢elija po duzini: 200

Velicina celije:
Ax=0,02 m

| create Grid | | Cancel




o .~ Gnd Creation
2kl Groups
| Cross
Chan Chann Groups
Bed a ,-g_::ff- Channel Shape Initial Bed Shape [Flat {no bar) - ]
nr . [ |
Upstr Fadan Cross Sectional Shape Pa... Bar Height or Amplitute of Parabaolic Shape{m) 0.01
Width S Channel Shape Parameters -
Bed C :vai: Bed and Channel Shape Lag Btween Bar and Plane Geometry{m) 0.01
1 — -
Upstreamn and Downstre...
Channel Slope 0.0001
Hedis Width Variation

Bed Condition

Nagib kanala je jednak O

Da bi program mogao da
uradi proracun neophodno
je zadati vrednost razlicitu
od nule

Reset

Create Grid ] [ Cancel




e'!-: Grid Cr:m'
Groups b
Chan — T T e
|
IEE Char Groups
Chan Cros Channel Shape Add straight channel in upstream and downstream Mot Add -
Bed a : e
Upstr Char Cross Sectional Shap... Mumber of Adding Sections in Upstream End | 10 (|
: Bed : Channel Shape Para... = —
Width Upst Bed and Channel Sha... Mumber of Adding Sections in Downstream End | 10 _: I
Bedq Widt |Upstrearn and Down...
Bed Width Variation
Bed Condition
U ovoj kartici ne zadajemo
ni jedan parametar
Reset
Reset CreateGrid | | Cancel




Channe
Cross S¢
Channe
Bed anc
Upstrea
Width
Bed Cor

Channg|
Cross 5
Channe

Bed Co

Reset

Groups
Channel Shape

Cross Sectional Shape Paramet...

Channel Shape Parameters
Bed and Channel Shape

Upstream and Downstream Co...

Width Variation

| Constant Width

| Width Variation

Bed Condition

Width Variation Type

Width Deviation(m)

Both Banks

Konstantna sirina kanala

| create Grid | |

Cancel




Rese

Groups

Channel Shape

Cross Sectional Shape Parameters
Channel Shape Parameters

Bed and Channel Shape

Upstream and Downstream Condit...

Width Variation
Bed Condition

Low Water Channel

Bed Condition [Fi:-:ed Bed -t ]
Roughness Definition [.Nnt Specified - ]
Roughness Value ' I.'.I_III2I
Floodplain

Bed Condition | Moveable Bed ~ |
Roughness Definition ;Nnt Spect h

Roughness Value

Nepokretno dno

Reset

Create Grid | | Cancel




Dobijena mreza

084113 028209
i i

116171 168485 116169




ZADAVANJE PARAMETARA



- e —— -
e D

Groups
\Basic Parameters |
Time Conditions

Fixed or Movable Bed Fixed bed b
Inlet Discharge and ...

Mumber of Vertical Layers 10 &

Depth and Wet-Dry ... Turbulence Madel [Nﬂn—lhear k-emodel = ]

Roughness Conditions | o e, Tomsa. <) Broj Celija po vertikali: 10
Bed Conditions

Yegetation Conditions
Boundary conditions
Hot start conditions
Additional output files Nellnearan model
Initial topography co..

DriftWood
Advanced settings

iSa'u'e and Clnse} [ Cancel




Tnlet|

Dept
Rou
Bed
Vege

Bou
Hot
Add
Initiz
Drift
Advy

Groups

Basic Parameters

| Time Conditions

Inlet Discharge and Outlet WaterLevel
Depth and Wet-Ory Conditions
Reoughness Conditions

Bed Conditions

Yegetation Conditions
Boundary conditions

Hot start conditions

Additional output files

Initial topography correction
DriftWood

Advanced settings

Start Time[5] 0
End Time[s] a0
File Output Time[s] 0.5
Start time of surface move[s] 0.5
Start time of bed move[s] | 2|
Variable DT with CFL condition FixedDT ¥
Coefficient for CFL condion | 0.13|
Time Step[s] 0.001
Display output interval 10 (&

|save and Close| |  cancel




1o i calcuation condition )

Hydrograph Data Type

| Constant discharge ¥ |

Constant Discharge[m3/s]

0.011

Outlet water level for fixed Q

Qutlet water level for variable Q

[g.i'u'en asaconstant T ]

Constant outlet water level[m]

Unit of time for Q
Time series of Q atinlet
Time series of Q at inlet and WL at outlet

() gradual increase

Grou
B
T Groups
In
D
R Inlg
= De Groups
v Ro Basic Parameters
B Bei Time Conditions
Veq
A Bo
; H
D Ad
A Ini
Drri
Ad
NOVA KARTICA

al O rate

Time for Q) slope[s]

|second ¥ |

Zadaje se konsantan protok
Q=111L/s

[a-iven directly '] [I]

\| Nizodni nivo vode u kanalu:
|

| H.,,=23 cm

Reset

lSauear'bd Clnsel [ Cancel ]




Groups
i O - 3 —
Besifi_ Cakuimion Concicn | -
Timd - £
et Groups
Dept Bacill LR —_
asif” .~ >
Tirnd = = =
Bed ——]
[Inlet
Ve Dept Groups
Bou o
L Fou Basic Parameters Wet and Dry Cells [erd wet and dry cells e ]
of : i
Add Eed Time Conditions Minimum Depth[m] 0
Initi Vege Inlet Discharge and ...
[';' Bou [[Depth and Wet-Dry .. u How to give initial surface slope? [Euan by initial average bed slope ]
r .
Advi Hot Roughnes§ Conditions Bl s ks dope | D.EIEIEI1.|
Add Bed Condjtions
Initi Vegetatign Conditions Relaxation coeffident | 0.3 |
Drrift Boundayy conditions
Ay R Minimalna dubina je O m
Additipnal output files
Initial/topography co..
Drifiood
Advanced settings

NOVA KARTICA

I.Savea"rdﬂnse! [ Cancel




R

Groups ;
g —
S\ oo I e
Tirn 2
Inlet
Groups
[R}em BP = ; _
Bed Time | _ - :
Vege Inlet O
Bou |Q’£E Groups i .
Haot Roug} Basic Parameters How to evaluate u® at BED? [Ma'W'lg Law = ]
Add Bed C Time Conditions Manning n for zone A 0.012
Initi Veget Inlet [ Ad Dutlet WaterLeyH
tic Manning n for zone B 0,045
Maningova hrapavnost kanala S e
I O TTLUTCTOTTS
[I] | Initial i iti Manning n for zone D 0.012
Maningova hrapavost peska Manring n for zone E 0.012
/fﬁmal output files How to calculate u™ at WALL? [Marmg Law -
= :_':“;Lffffgraphy i e s Manring i for WALL 0.003
Maningova hrapavost sonde [EAnkiOn G At eiack 2

Maningova hrapavost zida kanala |save and Close| | cancel




ZADAVANIJE PREPREKE



a [7] 3 Grid (201 x13 = 2613)
W ) Gid shape

4 E ) blode attribytes
e Bed elevation

10 Cellattributes
v ) Measured Values
=) Background Images

4 [7] 3 Background Images (Inte
[ 0 Google Map (Road)

ef]

0 0 Google Map (Satellite) B 084115 26209
7 1) Google Map (Hybrid)
[ 1) Google Map (Terrain) B LIETH B [ | il |
1 1) Open Street Map
M0 Aes
U meniju sa leve strane izabere se Oznadi se zeljeni deo mreze i
kartica Bed elevation pritiskom na desnik klik miSa bira
se Edit value iz padajuceg menija
.‘ Edit Bed elevation :E'] I E‘E

Input the new value of Bed elevation at the selected grid nodes.

Bed elevation : 0,023

T R Na kraju se zadaje Zeljena
vrednost




ZADAVANJE PROMENIJIVE
HRAPAVOSI U KANALU



B Grid shape
4 [ Node attributes
) Bed elevation
4 [ 3 Cel attributes
1 0) Obstacle cell
A0 Vegetation cel

O ) UnderPass Cell
11 UnFrodable cell

m

084115 i 0.28209
116171 168485 116169
[ i | i1
[ 1) Underpass bottom he..
U meniju sa leve strane izabere se Oznaci se zeljeni deo mreze i
kartica Roughness pritiskom na desnik klik misa bira
se Edit value iz padajuéeg menija

. B
¥ Edit Roughness A @lﬁ

Input the new value of Roughness at the selected grid cells,

Roughness :

[ Ik ]’ Cancel ]

—————— Na kraju se zadaje Zeljena
vrednost




Prikaz mreze sa razlicitim vrednostima
Maningovog koeficijenta hrapavosti

0841144 0282091
i |

118171 1.08483 11617




Razmatrane varijante

Varijanta 1 Varijanta 2

n=0,015 m/3s n=0,030 m-/3s




Rezultati
varijanta 1



Nivoi vode u kanalu na sredini simulacije
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STRUJNICE

PODUZNI PRESEK
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POPRECNI PRESEK
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Brzine vode (za konstantno z)
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Brzine vode (za konstantno y)
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Brzine vode (za konstantno x)
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Promena brzine u vremenu

Posmatra se tacka na sredini kanala iznad sonde:

034 — Velodity (magnitude)

0,20

= ol =2
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& = @
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Time
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Promena brzine po z

Posmatra se tacka na sredini kanala iznad sonde:

0,25 = Velodty (magnitude)

0,24

Velocity (magnitude)
A =
I3 3
1

=

o

=
1

(il

Distance

Controfler



Promena brzine poy

Posmatra se tacka na sredini kanala iznad sonde:

0,24 — Velocity (magritude)

0,235 1
0,231

0,225+

Velocity {magnitude)
S

0,215
0,21 -

0,205 +

0.2-

Distance

Controller



Promena brzine po x

Posmatra se tacka na sredini kanala iznad sonde:

0,245 = Velodity (magnitude)
0,24 4

0,235

=

Tt

]
1

Velocity (magnitude)
B
&
1

=
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]
1

0,215

0,21

0.205 -
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Distance

Controller



Rezultati
varijanta 2



Nivoi vode u kanalu na sredini simulacije
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STRUJNICE

PODUZNI PRESEK
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Brzine vode (za konstantno z)
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Brzine vode (za konstantno y)
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Brzine vode (za konstantno x)
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Promena brzine u vremenu

0,32 4
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Promena brzine po z

Posmatra se tacka na sredini kanala iznad sonde:

0,25 = Velocity (magnitude)
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Promena brzine poy

Posmatra se tacka na sredini kanala iznad sonde:
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Promena brzine po x

Posmatra se tacka na sredini kanala iznad sonde:

0,25 4 = Velodity (magnitude)

Velocity (magnitude)
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Zakljucak

* Brzine se kre¢u u uskom opsegu od 0,2 m/s do 0,24 m/s

* Promena Maningovog koeficijenta hrapavosti nije znacajno
uticala na rasopored brzina

* Prepreka (pesak + sonda) nema znacajan uticaj na strujanje
vode

* Raspored brzina po z-osi prati izmereni raspred brzina



HVALA NA PAZNJI



