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DAS — Mehanika fluida — 2024/25

Student — Dimitra Andelkovié¢

Zadatak 6 - Modeliranje turbulencije u okolini mostovskih stubova primenom softverskog paketa i-
RIC — NaysCUBE

Uvod

Racunarska dinamika fluida (CFD, Computational Fluid Dynamics) predstavlja oblast
mehanike fluida koja koristi numeri¢ke metode i1 racunske algoritme za simulaciju i analizu tokova
fluida. CFD omoguéava precizno modelovanje slozenih fenomena, ukljucujuéi tokove fluida,
prenose toplote, difuziju ¢estica 1 mnoge druge procese koji se javljaju u raznim tehnickim 1

prirodnim sistemima.

CFD se $iroko primenjuje u razli¢itim industrijama, ukljuc¢ujuéi automobilski, vazduhoplovni,
gradevinski 1 energetski sektor, ali i u hidrotehnic¢kim i ekoloSkim analizama. Konkretne primene

ukljucuju:

o Optimizaciju oblika konstrukcija (mostovi, turbine, brane) radi smanjenja otpora fluida,
o Simulaciju tokova u otvorenim ili zatvorenim vodotokovima,
e Predvidanje distribucije zagadivaca u vodi ili vazduhu,

e Analizu sistema prevoza sedimenta ili ¢estica.

U ovom zadatku koristi¢emo NaysCUBE solver, koji je specijalizovan za simulaciju
trodimenzionalnih tokova u hidrauli¢kim 1 hidrotehni¢kim sistemima. Solver primenjuje standardni

k-e model za modeliranje turbulencije.

k-e model je jedan od najéesce koriscenih pristupa za simulaciju turbulencije u CFD analizama.
Zasniva se na reSavanju dve transportne jednacine: jedna za turbulentnu kineticku energiju (K) i
druga za turbulentnu disipaciju (€). Njegova glavna prednost je jednostavnost i efikasnost, Sto ga

¢ini pogodnim za Sirok spektar inZenjerskih primena.

Zadatak
Cilj ovog zadatka je da se uradi simulacija (prikaze tecenje) turbulentnog tecenja u kanalu, Sirine

35m i1 duzine 55m, u okolini mostovskih stubova u iRIC NaysCUBE version 2.3. Polozaj

mostovskih stubova, dimenzije 8x2m, je prikazan na slici 1.


Dusan
Sticky Note
Hi Dimitra,

Hvala na brzo obavljenom seminarskom. Pregledao sam tekst, pa imam par komentara i molbu da popravite/dopunite rad:

Da li je Time step stvarno 0.05 sec? Nesto je mnogo veliki. Ako ste imali problema da “prodje” proracun, napisite nesto o tome u poglavlju 3.I napisite na kom racunaru je racunato (procesor i koliko RAM memorije) i koliko je trebalo vremena da zavrsi jedan proracun.

Na kojoj koti su izlazne celije, preliv? Vidim da su tu brzine ogomne, znaci da je tu plitko.

Poglavlje 4 Pregled podataka i rezultata, nemate nikakve komentare rezultata, tako da je tesko pratiti dijagrame. Dopunite poglavlje 4. sa Vasim komentarima, onako kako “se osecate” i sta mislite.

Na slikama 37...40 su i Water elevation i Depth, sto je isto posto su kote dna 0. Ako Vas mrzi da ponovo skidate ove crteze, napisite u komentarima. Takodje, zadali ste u uslovima racuna (slika 12) da je “Downstream water level” 1.62, a na slici 37 je dubina 3 m? Koji je odnos izmedju te dve velicine? Stavite to u Komentare.

Interesantno bi bilo pogledati u 3D strujnice u blizini (ispred) preliva, kao i ispred i iza stuba. Da se vidi povratni vrtlog.

Interesantno je isto pogledati raspored pritisaka po levoj strani (boku) stuba i po desnoj strani, kao i promenu pritiska kroz vreme u nekoj izabranoj tacki (recimo, na sredini studna, na sredini dubine, sa leve i sa desne strane).

Dodajte i tacku 5. Diskusija rezultata, gde treba da uporedite slucaj sa manjim i vecim protokom. Stavite par slika sa direktnim poredjenjem (vodite racuna da skale na slikama i za strelice i za boje budu iste, da bi moglo da se poredi!).

Za sve ove stvari ne morate da pustate ponovo proracun, vec samo da se jos malo pozabavite prikazom rezultata. Kod duzine trajanja proracuna, dovoljno je da se podsetite odokativno koliko je to trajalo, ne mora tacno u sekund!
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Slika 1 Polozaj mostovskih stubova u kanalu

Radimo simulaciju turbulentnog tecenja koriste¢i dve vrednosti protoka koji su prikazani u tabeli 1.

Tabela 1 Vrednosti protoka i odgovaraju¢ih dubina, brzina i kriti¢nih dubina

Q [m3/s] h [m] V [m/s] hkr [m]
225.9 3.03 2.13 1.62
479.5 3.87 3.54 2.68




Rad
I Primer — Q=225.9 m3/s

Kreiranje modela u iRIC NaysCUBE solver-u

1. Kreiranje mreze ( kreiranje geometrije kanala)

i’ Untitled - iRIC 2.3.12.6421 [NaysCUBE v.3.20.1 64bit]
File Import Geographic Data | Grid Measured Values Calculation Conditior
J_| B I-Q |ﬂ ™ |Q Select Algorithm to Create Grid...

JJ + ¥+ X Grid Creating Condition
o Create Grid... 5‘?
. Pre-processing Window
Object Browser Attributes Mapping 4

=+ 7] [ Geographic Data
: [ Bed elevation
D Obstacle cell ~ #< Delete..
oD Vegetation cell ) )
53 UnderPass Display Setting... »
[ UnErodable cell y Open Bird's-Eye View Window
D Roughness
- [ [ DriftWood Add New Grid
[} Grid Creating Condi
[ Grid [No Datal “ Import...
[ Measured Values
[} Background Images
[ Ases

Distance Measures

¥ [ Measurel

Edit »

% Export...

D! H H H H H
-ARERERE

(<]

Slika 2 Kartica Grid za odabir na¢ina unosa geomterije

i Select Grid Creating Algorithm ?

Algarithm: Description:

Create grid from polygonal line and width

Create grid from from river survey data

Create grid by dividing rectangular region

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

Cartesian Grid for MaysEddy x64

Multifunction Grid Genarator
Simple Grid Generator

K Cancel




Slika 3 Odabir algoritma za kreiranje mreze

2 Grid Creation

Groups

ross Sectional Shap..,
- Channel Shape Para...
- Bed and Channel 5h...
- Upstream and Down...
- Width Variation

- Bed Condition

|straight |
[Pararel to Main Channel < |

Select Channel Shape
Grid Patern of Zigzag Channel
Cross Sectional Shape

Compound Cross Section Pattern

Reset |

cos |

Slika 4 Definisanje oblika kanala i popre¢nog preseka

/> Grid Creation

Groups |

Channel Shape

Channel Shape Param...
Bed and Channel Shape
Upstream and Downst...
Width Variation
Bed Condition

—Single Cross Section
Width({m)

Mumber of Grid in Lateral Direction

—Compound Channel

Mumbers of Grids
Left Floodplain
Low Water Channel

Right Floodplain

Low Water Channel Depth(m) 0.02

Bank Slope Raitio of Low Water Channel 2
Numbers of Grids in Low Water Channel Bank 1 33

—Simple Compound Channel

Channel Width
Left Flood Channel Width{m)
Low Water Channel Width{m)

Right Flood Channel Width{m})

—With Straight or Meandering Levees

Total Width{m)

Low Water Channel Width{m) 0.3
Left Levee Distance from Channel Center{m) 2
Right Levee Distance from Channel Center{m) 2

Reset |

Create Grid I

Cancel

Slika 5 Definisanje $irine i gustine mreze popre¢nih prseka



,} Grid Creation

Groups

- Channel Shape

- Cross Sectional Shape Param...
- Channel Shape Pararmeters

- Bed and Channel Shape

- Upstream and Downstreamn C...
- Width Variaticn

- Bed Ceondition

Wave Length of Meander{m)

Wave Mumber

Meander Angle(degree)

Mumber of Grids in One Wave Lenagth

=]

—Levee Meander Parameters

Meander Angle{degree) I ]
Meander Wawe Length{m) I 3
Phase Lag from LWC{m) I 1]
—Kinoshita Meander Parameters
Additionl Meander Angle(degree) I 10
n1{Wave Mumber of the second term) I 3
Reset | Create Grid Cancel

Slika 6 Definisanje duzine kanala i gustine mreze

£ ® Grid Creation

Groups

-~ Channel Shape

-+ Cross Sectional Shape Parameters
- Channel Shape Parameters

- Bed and Channel Shape

= Width Vanation
- Bed Condition

- Upstream and Downstrearm Cendit..,

—Low Water Channel

Bed Condition

[Fixedsed R4

Roughness Definition |Mot Specified

=)

Roughness Value I

0.02

—Floodplain

Bed Condition

IMD\-‘EEHE Bed LI

Roughness Definition IH:::t Specify

[4

Roughness Value I

0.05

Reset |

Create Grid

Cancel

Slika 7 Definisanje karakteristika dna kanala




.~ Pre-processing Window

Object Browser

- ) Geographic Data
) Bed elevation
) Obstacle cell
) Vegetation cell

) UnderPass
1 UnErodable cell
) Roughness
) DriftWood
[ Grid Creating Condition
+ D Grid (45 x 28 = 1305)
) Measured Values
) Background Images
[} Axes
- ) Distance Measures
[) Measurel

=|B]x|

F 3

Slika 8 Mreza

o



2. Definisanje hidrauli¢kih parametara

es | Calculation Condition 5

| %°

% Export..

Slika 9 Podesavanje uslova proracuna

li. Calculation Cendition 7

Groups

- Basic Parameters Mumber of Vertical Layers I 1[]|:|

~ Time Conditions Fixed or Movable Bed IFi}(Ed bed *I

- Flow Conditions

- Roughness Conditions Turbulence Model INun-Iinear k-2 model ;I
- Bed Conditions
- Vegetation Conditions Spatial Scheme for Advection Terms IT‘u'D MUISCL vI

- Boundary conditions
- Hot start conditions

- Additional cutput files
- Initial topography co..
- DriftWeood

-~ Advanced settings

Reset | Save and Close Cancel

Slika 10 Podesavanje osnovnih parametara uslova proracuna

li. Calculation Cendition ? x

Groups

- Basic Parameters start Tmefs] l—n
- Tirne Conditions End Time[s] I—GU

- Flow Conditions

- Roughness Conditions File Qutput Time[s] I 1

- Bed Conditions
- Vegetation Conditions Time Step[s] 0,05

-~ Boundary conditions )
- Hot start conditions Start time of surface move[s] I 7|
- Additional cutput files Start time of bed movel[] |—2

- Initial tepography correction
- DriftWood
- Advanced settings

Reset | Save and Close I Cancel

Slika 11 Pode$avanje prametra vremena



i Calculation Condition

Groups

- Basic Parameters

- Time Cenditions

- Flow Conditions

-+ Reughness Conditions
- Bed Conditions
~Vegetation Conditions
-~ Boundary conditions
~ Het start conditions

- Additional cutput files
- Initial tepography co..
- DriftWood

- Advanced settings

Discharge[m3/s]

M s
IGiven directly ;I
=

d

How to give initial surface slope? |Given by initial average bed slope LI
T

How to give outlet water level?
Downstream Water Level[m]

Minimurm Depth[m]

Initial surface slope

Q gradual increase

Initial Q rate I 0.1
Time for Q slope(s] I 10

Reset |

Save and Close I

Cancel |

Slika 12 Podesavanje protoka i grani¢nih uslova

Object Browser

I Geographic Data

Bed elevation

[ Obstacle cell

[ Vegetation cell
[ UnderPass

[ UnErodable cell
D Roughness

) DriftWood

[ Grid Creating Condition
I Grid (45 x 28 = 1303)
) Grid shape

Od [ Mode attributes
O [ Bed elevation
[ﬁ:l Cell attributes

[) Obstacle cell
[ [ Vegetation cell
O [ UnderPass

[ ) UnErodable cell
[0 ) Roughness
O ) DriftWood
I3 Measured Values

I Background Images
[ Axes

I2) Distance Measures

1 Measurel

‘\

Edit value...

Show Attribute Browser

L.

[e]

=|o| ]

Slika 13 Definisanje prepreka u mrezi

7 Edit Obstacle cell ? *

Input the new value of Obstade cell at the selected grid cells.

Obstade cell : |Submerged 10 cells ;I

x|

Cancel |

Slika 14 Definisanje broja Celija potopljenosti prepreke
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Object Browser X
= [ Geographic Data

Bed elevation
) Obstacle cell
[ Vegetation cell
) UnderPass
[ﬁ UnErodable cell
[ Roughness
3 DriftWood
- [} Grid Creating Condition
2 Grid (45x 29= 1305)
[) Grid shape
[ 5 Node attributes
O [ Bed elevation
2 Cell attributes
) Obstacle cell
[0 ) Vegetation cell
O ) UnderPass
O ) UnErodable cell
O D Roughness
O ) Driftwood
Measured Values
Background Images

Distance Measures v
1 Measuret

=1k

O

Slika 15 Prikaz vrednosti ¢elija



3. Proracun

n | Simulation Calculation Result  View Opt
3. b Run
B stop

Sobver Information...

ﬁ Export solver console log...

Slika 16 Pokretanje proracuna

[Cad@S a5 awt ¥ Q[ orwt I P BESEHL o]
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Slika 17 Tkonica za pustanje proraduna

Slika 18 Prozor proracuna u toku

Solver Finished *

0 The solver finished calculation.

Slika 19 Obavestenje o zavrsetku proracuna




4. Pregled podataka i rezultata
- 3D prikaz rezultata

e | LY == e e mmmemy g e =

1_| Calculation Result View Option Help

i ED} Open new 20 Post-Processing Window

Open new 2D Bird's-Eye Post-Processing Window

Open new 3D Post-Processing Window

Compare with measured values...

e
‘1:{_.. Open new Graph Window

4 Reload
75 Delete..,

“ |mport...

% Export..

“ |mport Visualization,/Graph Settings...
% Export Visualization/Graph Settings...

Slika 20 Kartica za pokratanje 3D pregleda rezultata

Iculation Kesult  View Uption  Help

tpE| s EESEYSL 6|06

-

Slika 21 lkonica za pokretanje 3D pregleda razltata



a. Prikaz prepreke

Object Browser £ Ex Isosurface Setting ? *
B- MaysCUBE v.3.20.1 64bit Grids
= ] iIRICZone Physical Value: [REEEE- R
-~ ) Grid shape Sz

- ] 5 Contour

¥ Full region

Bt & |cocurface
Dynamic F T K
turb_k .
Water Elevaticn tax |||||||||||||||||||||||||||||||||||||||||||||JI_‘S 3‘
Depth e
Bed height =
Obstacle RET .............................”29 =

Vegetation kwn Jm———————— [ 3
Vor.stream KMax —— ) I)|11 =

Vor.lateral [ T T 0

Vorvertical —Value Setting
Vorticity all

Weiss F Iso Value IU
Eddy wis. Min Value |-1
uu |

Max Value |0.0001
W
ww

ue Color I

v

wu

Bed shear

Depth-ave velocity OK I Cancel |
Velocity (magnitude]

O 5 Arow

0000000000000000800000|
O] ] o o] o { o o | o | o o | o | o 5 | o | o | ] o | o] ] |

Slika 22 Nacin da se prikaZe prepreka na kanalu Slika 23 Podesavanje prikaza prepreke na kanalu

Time: €0 sec

Slika 24 Prikaz prepreke na kanalu



b. Prikaz brzina

i. Pridnu kanala

Object Browser *

= . MNaysCUBE v.3.20.1 64bit Grids
IRICZone

] M [) Grid shape

T2 Isosurface 2
3 Arrow

| ] 53 Streamlines
-O 0 Velocity
. W] 5 Particles

-~ [ velocity

Slika 25 Prikazivanje brzina kanala

h Centour Setting

Physical Value: |Velocity (magnitude)

—Value range \\
V¥ hutomatic

Max: |780053 ¥ Fill upper area
Min: I ¥ Fil lower area
Division Number: I 10 3.

—Colormap
Custom Setting...

r—Contour Setting

Faces

&
r
-

i+ Color Fringe " Contour Figure (~ Isolines

T X

11 @K

rDirecion———————————————

Color Bar Setting

IMin

IMax

I Min

IMax —

rRange —————————————————

T
K Min I)

e = |
l_:f
l_:f
=
rrreere E—

K Max

¥ Enabled

Add Remove

Conce

Slika 26 Podesavanje naéina prikazivanja brzine pri dnu kanala

Object Browser

=- MaysCUBE v.3.20.1 &dbit Grids
= ] iRICZone
B [) Grid shape
- 2 Contour
- [E:l lsosurface

o i Partlcles
O ) Velocity
Title

Time

Axes

FE

®

Slika 27 Pode$avanje strujnica toka(strelica)




Time: 60 sec Yalcly

Slika 28 Raspored brzina pri dnu kanala
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Slika 29 Strujnice pri dnu kanala

Velocity (magrituds)
7.80
.
5.57
4.46
3.34
2.23
LS
0.

Welocity (rmagrituds)
7.80
.o
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i.  Pri povrsini vode kanala

—Faces
7 Face001 I
[Facemz | Directio
1 1 &K
—Eere
I m LTI T T

J Max

==
[+ =
[» =
=
o= |

)
K Min J
KMax —————— )

¥ Enabled

d Add | Remove |

Slika 30 Kartica pode$avanja prikaza na povr§inu vode kanala

Velocity (magrituds)

2o
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L.
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Time: 60 sec veloclfy
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Slika 31 Raspored brzina pri povrsini vode kanala
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Slika 32 Strujnice pri povrsini vode kanala



c. Prikaz turbulentne kineticke enegije

Time: 60 sec

Slika 33 Raspored turbulentne kineticke energije pri dnu kanala

Time: 60 sec

Slika 34 Raspored turbulentne kineticke energije pri povrsini vode




Graficki prikaz podataka

| Calculation Result View Option  Help

| E[I Open new 20 Post-Processing Window
6 Open new 20 Bird's-Eye Post-Processing Window
!g Open new 30 Post-Processing Window

Open new Graph Window

% Compare with measured values..,

4 Reload
K Delete...

“ Import...
% Export...

- | % Import Visualization/Graph Settings...

% Export Visualization/Graph Settings...

Slika 35 Prvi korak grafickog nacina prikazivanja podataka

7. Data Source Setting ?

X Axis: ITlme 'l

Caleulation Result | External I

Point Data Selected Data
o] Water Elevation
Velocity (magnitude)
Depth

Three dimensional Data << Remove |

Dynamic_P -
turb_k

Bed height
Obstacle
Vegetation
Vor.stream
Vor.lateral
Vor.vertical
Vorticity all —
Weiss F

Eddy vis.

uu

e - __settng_|

oK | Cancel

TIITTE: OO SE

Slika 36 Izbor podataka za prikazivanje, drugi korak



&7 Graph Window: 2 || x|
E 34 E — Water Elevation
2 39 : )
8.!: 1 — Velodity {magnitude)
E% 3 3 -- Depth
= 025
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Controller
1
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Data Source Axis Setting Draw Setting | Marker Setting | Copy |

Snapshot | csy Exportl

Slika 37 Graficki prikaz promene nivoa vode i brzine u toku vremena pri dnu kanala, pre prepreke

. Graph Windov: 2 —[ol]

— Water Elevation

[¥5 ]

= Velodty (magnitude)

[
w

-- Depth

a

iy

=
w

Water Elevation, Velocity
(magnitude), Depth
t
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=

Controller

Data Source Axis Setting Draw Setting | Marker Setting | Copy |

Snapshot | csv E}q:icrtl

Slika 38 Grafi¢ki prikaz promene nivoa vode i brzine u toku vremena pri dnu kanala, posle prepreke
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Slika 39 Grafi¢ki prikaz promene nivoa vode i brzine u toku vremena na povrsini vode, pre prepreke
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Slika 40 Grafi¢ki prikaz promene nivoa vode i brzine u toku vremena na povrsini vode, posle prepreke




Primer 11- Q=479.5 m3/s

I?_ Calculation Condition ? 3
Groups
- Basic Parameters Discharge[m3/s] I 479.5

-II:—:Z‘: g::::tl::: How to give outlet water level? IGiuen directly LI

- Reughness Conditions Downstream Water Level[m] I 2.68

- Bed Conditions

- Vegetation Conditions Minimum Depth{m] I o

- Boundary conditions
- Hot star'lycond'rliom How to give initial surface slope? IGi\ren by initial average bed slope LI

- Additional output files Initial surface slope IW
- Initial topography co...
= DriftWeood Q gradual increase IQgiuen directly vI
- Advanced settings

Initial Q rate I 0.1

Time for Q slope[s] I 10

Reset | Save and Close I Cancel

Slika 41 Podesavanje hidrauli¢kih uslova za proracun

a. Prikaz brzina

Time: 60 sec R 1)

Slika 42 Raspored brzina pri dnu kanala
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Slika 43 Strujnice pri dnu kanala

Time: 60 sec

Slika 44 Raspored brzina pri povrsini vode kanala
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Slika 45 Strujnice pri povrsini vode kanala



b. Prikaz turbulentne kineticke enegije

Time: €0 sec

Slika 46 Raspored turbulentne kineti¢ke energije pri dnu kanala

Time: 0 sec

Slika 47 Raspored turbulentne kineticke energije pri povrsini vode




Graficki prikaz podataka

~ Graph Window: 4 i =1 K3
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Slika 48 Grafi¢ki prikaz promene nivoa vode i brzine u toku vremena pri dnu kanala, pre prepreke
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