Large Eddy Simulation (LES) of turbulent square channel flow

Simulation des Grandes Echelles (SGE)
d’un écoulement turbulent dans un canal de
section droite carrée

Large Eddy Simulation (LES) of turbulent square channel flow
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www.abbesazzi.com

Logiciel utilisé: Fluent de ANSYS

Spécifications du probleme

Cette application concerne un écoulement turbulent dans un canal de section droite carré
similaire a celle étudiée par Gavrilakis (1992).

S. Gavrilakis, Numerical simulation of low Reynolds number turbulent flow through a straight square duct, J.
Fluid Mech. 244 (1992) 101-112

La particularité de I’écoulement dans un canal a section droite carrée réside dans I’apparition
d’un écoulement secondaire impossible a capter par les modeles RANS basés sur le principe
de la viscosité turbulente (isotropie). La LES, au vu de son formalisme, est capable de
reproduire ce type d’écoulement.
Les paramétres de la simulation sont comme suit:
e Nombre de Reynolds basé sur la vitesse débitante (bulk velocity) :
Rem = rho.Up.Dy/Visos =6000

rho: masse volumique de I’air

Uy: vitesse moyenne a I’entrée du canal (a calculer ?)

Dy, : Diametre hydraulique qui correspond ici a I’aréte du carré (0.1m)

Viscos : Viscosité dynamique de I’air

e La longueur du canal sera égale a 14 fois I’aréte du carré.

La grille de calcul :
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Large Eddy Simulation (LES) of turbulent square channel flow

Utiliser ICEM (ou Gambit) pour générer une grille de calcul structurée (160 x 50 x 50) et
raffinée pres des parois solides pour un canal 14H x H x H, ou H vaut 0.1 m.

Nommer les trois faces : Inlet, Outlet et wall
Le pré-processing

Lancer Fluent et choisir les options suivantes :

° DOUble preCiSion [ FLUENT Launcher {Setting Edit Only) M= E
) ) NANSYS FLUENT Launcher
e Processing Options : "Parallel _ "
- n - IMension phong
(Local MaChIne) . SUIvant Ie nombre 57 ¥ Double Precision
de core dont vous disposez, par 4D Bl e
exemple choisissez 3 si vous avez un | = Zewisr o o e racessng e
quad-core ¥ Embed Graphics Windows " Serial
e Endépliant le menu ‘Show More B s
Options’, choisissez votre répertoire f4 El

[#] Show Mare Options

de travail.

Qg LCancel Help =

Valider en cliquant sur OK.

Sur la colonne a gauche, on procéde de haut vers le bas:

° Importer la gr|||e de calcul & A:TurbuentPipelES Parallel FLUENT@catslogin.tc.corne
o \érifier la griIIe - Mesh > Check File | Mesh Define Solve Adapt Surface Display  Report
(vérifier que le plus petit volume est | || 5 Check Bl o
bien positif et que les dimensions — IECH o
sont en accord avec ce qu’on veut) Prot  Polyhedra > Memory Usags
e Mesh > Info > SIZG, E Merge. .. Zanes
MI Separate 3 Partikions
ppl Fuse... |
¢ Zone k _I
Br  Replace...
Pl
Dy Reorder » Yelocity Fo
R e-Based (% Absolul
| Scale... -Based ™ Relativ
SOl Translate...
3t Rotake..,
oL
M SmoothfSwap. ..
S nk
i Recorded Mesh COperations. ..

On devrait voir s’afficher un panneau ressemblant a ceci:
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Large Eddy Simulation (LES) of turbulent square channel flow

Hesh Size

Level Cells Faces Hodes Partitions
a 8433808 1978811 332780 4

1 cell Zone, 4 face Zones.

3K Mesh Display

Options Edge Type Surfaces
[ Modes o al (ell=dc) .
¥ Edges " Eeature | (interior-solid

[~ Faces ' outline "'!Jtl'ftl I

Npewng

[ Partitions e

Shrink Factor  Feabure Anale

20 :

Surface Mame Patkern : Mo Eraie | 1

I Matc | *
Surface Tvpes = j

Outline | Inkerior | axis N

clip-surf
exhaust-Fan tg"r
fan ﬂ

Mesh

" Display Colors...l Close | Help |

General > Mesh > Display. Vérifier qu’on a bien les trois surfaces (Inlet, Outlet et wall) et le
domaine intérieur comme indiqué ci-dessous.

Définition des propriétés du solveur

° Problem Setup > Genera' > File Mesh Define Solve Adapt Surface Display Report  Parallel  Wiew  Help
Solver/Type > Pressure-Based |G -d-mel|[s+aa z|aAnE-0-
e Problem Setup > General > & B General
Solver/Time > Transient R esh
odels
Materials Scale. .. I Check Report Quality

Phases z
Display. .. |
Cell Zone Conditions B

Boundary Conditions

Mesh Interfaces b
Dynamic Mesh Type ‘elocity Formulation
Reference Yalues * Pressure-Based 7 Absolute

! " Density-Based " Relative
Solution

Solution Methads

Solution Controls U

Monitars » ey

Solution Initialization #* Transient

Calculation .ﬁfctivities [ Gravity Urits. . |
Run Calculation
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Large Eddy Simulation (LES) of turbulent square channel flow

Problem Setup > Models > Viscous -
Lamlnar > Edlt odel User-Defined Functions

 Inviscid Subgrid-Scale Turbulent Yiscosity
" Laminar

e Dans Model sélectionner e Qe

Large Eddy Simulation L et

) Transition k-kl-omega {3 eqn)
e Dans Subgrid-Scale Model Lt
, - Reynolds Stress (7 eqn)
Se|eCt lonner WM L ES " scale-Adaptive Simulation (545
" Detached Eddy Simulation (DES)
¥ Large Eddy Simulation (LES)

II'IDHB vI

Subagrid-Scale Madel

€ smagatinsky-Lilly

O WaLE

' WMLES

i Kinetic-Energy Transpork

oK | Cancell Help |

En validant par OK, vous verrez apparaitre un panneau d’information qu’il faudra aussi
valider par OK. (Le logiciel bascule automatiquement pour des schémas de second ordre pour
I’espace et le temps)

Information

i {
0 Moke; Switching to Bounded Central-Cifferencing, the defaulk For momentum with LE3JDESISAS,
MOTE: The current turbulence model should only be used with
second Crder {or Bounded Second Order) Transient Formolation,
To correct this, use the 'fdefine/modelsjunsteady-znd-order?’
TUI command or change the Transient Formulation setking in
the "Solution Methods' GUI Task Page,

e Dans Problem Setup > Models > Energy choisir Off
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Large Eddy Simulation (LES) of turbulent square channel flow

Définition des propriétés du fluide:

Problem Setup > Materials > Fluid >
choisir I’air comme fluide.

:TurbulentPipeLESFineGrid Parallel FLUENT@catslogin.tc.cornell.edu [3d, 4
File Mesh Define Solve Adapt Surface Display Repork Parallel View Help

|Z-d-me|staa 2@ AnE-0-|
Problem Setup Materials

General Materials

air
Siolid

Cell Zone Conditions alurninum

Boundary Conditions

Mesh Interfaces

Cwynamic Mesh

Reference Yalues
Solution

Solution Methods

Solution Controls

Monitors

Siolution Initislization

Calculation Activities

Run Calculation
Results

Graphics and Animations

Plaks

Reports

Create/Edi. .. | Deleke

Définition des conditions aux limites

L’entrée du canal: Inlet Boundary Condition

Problem Setup > Boundary Conditions >
inlet > Edit...

& A:TurbuentPipeLES Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp, pbns,
File Mesh Define Solve Adapt Surface Display Repork  Parallel  Wiew Help

-3 0[5+ QR 2@ K E- 0

Problem Setup Boundary Conditions
General Zane
el
Materials interior-salid
Phases outlet
Cell Zone Conditions pipewall
3oung: ditions
Mesh Inketfaces
Dynamic Mesh
Reference Yalues
Solution
Solution Methods
Solution Contrals
Monitors
Solution Initislization
Calculation Activities
Run Calculation
Resulks
Graphics and Animations | Phase Type b}
Plots Imixture j Ivelocity—inlet j I [
Reports
I Edit... Copy... I Prafiles. ..
Parameters. .. | Operating Conditions.. .
Display Mesh,.. | Periodic Conditions. .. |
™ Highlight Zone
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Large Eddy Simulation (LES) of turbulent square channel flow

Specification Method : Magnitude, Normal
to Boundary

Velocity Magnitude : introduire la valeur
de la vitesse que vous avez calculez
précédemment (m/s)

Fluctuation Velocity Algorithm : Spectral
Synthesizer

Turbulence Specification Method :
Intensity and Hydraulic Diameter

Turbulent Intensity (%) : 10 %
Hydraulic Diameter (m): 0.1 m.

Reynolds-Stress Specification Method : K or
Turbulent Intensity

[ Yelocity Inlet

Zonge Mame
I inlet

Mamentur IThermaII Rad\atinn' Specias| DFM I Mu\tiphasel uns I

‘elociky Specification Method IMagnitudEJ Mormal ko Boundary j
Reference Frame IAhsnIutE j

welocity Magnitude (my's) I 6.58 Iconstant j
Supersonic/Initial Gauge Pressure (pascal) I 0 Iconstant j
Fluckuating Yelocity Algorithm Ispgma\ Synthesizer j

Turbulence
Specffication Method iIntensity and Hydraulic Diameter j
Turbulent Inkensity (%)
10 H
Hydraulic Diameter (m) [ 577
: |
Reynolds-Stress Specification Method IK or Turbulent Inkensity j

ok Cancel Help

Validez en cliquant sur OK,

Condition de sortie de I’écoulement: Outlet Boundary Condition

Problem Setup > Boundary Conditions >
outlet > Edit...

Type: pressure-outlet.

L A:TurbuentPipel ES Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp, pbns,
File Mesh Define Solve Adapt Surface Display Repork Parallel View Help

- — = Lt b =]
|B-d-me|lseaa s||le an-o-
Problem Setup Boundary Conditions

General Beme
Model; inlet
Materials interior -salid
Phases
pipewall
Drynamic Mesh
Reference Yalues
Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Caleulation Ackivities
Run Calculation
Results
Graphics and Animations | Phase Type (8}
Plaks mixture LI lpressure-outlet j I?
Reports
Edit,.. Copy... | Profiles. ..,
Parameters, .. Operating Conditions. ..
Display Mesh... | Petiodic Conditions.. |
[ Highlight Zone
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Large Eddy Simulation (LES) of turbulent square channel flow

Validez en cliquant sur OK,

Condition de paroi solide: Pipe Wall Boundary Condition

Problem Setup > Boundary Conditions >
wall...

& A:TurbuentPipelES Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp, pbns,
File Mesh Define Solve Adapt Surface Display Report  Paralel View Help

|Eld -me|[s¢aa | AnE-o-

Problem Setup

General

Madels

Makerials

Phases

Cell Zone Conditions
soundary Conditions|

Mesh Inkerfaces

Dynamic Mesh

Reference Yalues
Solution

Solution Methods

Solution Controls

Monitars

Solution Initialization

Caleulation Ackivities

Run Calculation
Results

Graphics and Animations

Ploks

Reports

Boundary Conditions

Zone

inlek

inkerior-solid

outlet
ipeywall

Fhase Type jin}
mixkure LI lwall ﬂ |6
Edit. .. I Copy... I Prafiles...

Parameters, .., Opetating Conditions. ..

Display Mesh. ..
[ Highlight Zone

Periodic Conditions... |

Validez en cliquant sur OK,

Définir les valeurs de référence

Problem Setup > Reference Values: choisir Compute from as inlet.

Validez en cliquant sur Save

Et sauvegarder votre projet: File > Save Project
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Large Eddy Simulation (LES) of turbulent square channel flow

& A:TurbuentPipelES Par

File Mesh DCefine Solve

Refresh Input Daka

Sawe Project

Read »
Wirike k
Irnpork k
Expork k
Solution Files. ..
Interpolate. ..

EM Mapping 3
F5I Mapping g
Sawe Picture. ..

Data File Quantities., ..
Close FLUEMT

Solution numérique

Solution Methods

Solution Methods > Momentum
> Bounded Central Differencing

Solution Methods > Pressure > Second

order

Solution Methods > Transient Formulation

> Second Order Implicit

A& A&:TurbuentPipel ES Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp, pbns,
File Mesh Define Solve Adapt Surface Display Report  Parallel  Wiew  Help

|E-d-me|S+aa sannm-0-

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Dvynarnic Mesh

Reference Yalues

Salution
Solution Methods|

Solution Controls

Manitors

Solution Initislization

Calculation Activities

Run Calculation

Results

Graphics and Animations
Plots
Reports

Solution Methods

Pressure-Yelocity Coupling

Scheme

fsmmpLE

Spatial Discretization

Gradient

ILeast Squares Cell Based
Pressure

ISecond Crder
Mormenkturm

IBounded Central Differencing

Transient Formulation

ISecond Crder Implicit

™ Mon-Tterative Time Advancement
[ Frozen Flux Formulation

I High Order Term Relaxation optians... |
Defaulk |

www.abbesazzi.com

Page 8




Large Eddy Simulation (LES) of turbulent square channel flow

Initialisation:

Solution Initialization > Compute from >
inlet

& A:TurbuentPipelES Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp, pbns,
File Mesh Define Solve Adapt

Surface Display  Report

Wiew Help

|E-d-me|seaa || @ AE-0-

Prablem Setup Solution Initialization
@eneral Initislization Methads
Models
: oo Makterials " Hybrid Initialization
Cllquez sur initialize pour lancer Phases % sStandard Initialization
rAitialy H Cell Zone Conditions
Compute from
I in Itlal IS&tIOﬂ Boundary Conditions 2
Mesh Interfaces j
Dvvnaric Mesh all-zanes
Reference Yalues |
) pipewal
Siluticn autlet
Solution Methods P
Solution Contrals futi=lliates J
) -
Manitars Gauge Pressure {pascal)
S olution Init 0
Calculation Activities I
Run Calculation % Yelacity (ms)
Results I 0
Graphics and Animations
Flots W Yelocity (mfs)
Reports I a
Z Welocity {m/fs)
I 0
=l

Initializel Reset I Patch...l

Reset DM Sources I Feset Statistics I
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Large Eddy Simulation (LES) of turbulent square channel flow

Définir les criteres de convergence

Monitors > Residuals

> Edit...,

& A:TurbuentPipeLES Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp, pbns,
File Mesh Define Solve Adapt Surface Display Report  Paralel View Help

Ed-mec+raasanm-o

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dwnamic Mesh
Reference Yalues

Solution

Monitors

Residuals, Statistic and Farce Monitors

Residuals - Prink, Plok
Skatistic - OfF

Create vl Edit. .. | Delete |

Surface Monitors

Solution Methods
Solution Contraols

Solution Initialization
Calculation Activities
Run Calculation

Results Create... | Edit. . | Delete |

Graphics and Animations tolume Monitors

Floks
Reports

Create.., | Edit... | Deletel

Help |

& Residual Monitors

Options Equations
¥ Brift ko Coreols esidual Manitor Check Convergence Absalute Criteria ;i
v PBlat Continuity " ¥ le-06
Wlneioi . -welocity ™l [+ le-06
1 EI Curves, ., I Axes, ., |
I w-welaciky v v le-06
Iterations ko Plok
F .
1000 EI z-velacity v v I 1e-08] o
Residual Walues Conyergence Criterion
Irerations to Skore [ Mormalize i Iabsulute j
e o
I 1000 E’ I = EI
¥ scale
[T Compute Local Scale
(04 | Plak | Renarmalize | Zancel | Help |

Changez les valeurs du critéere de convergence ‘Convergence Criterion® pour toutes les
équations continuity, x-velocity, y-velocity et z-velocity, a 1e-6.
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Large Eddy Simulation (LES) of turbulent square channel flow

Validez en cliquant sur OK,

Lancement du calcul

Nous aurons a faire le calcul en deux étapes. On commence par exécuter un premier calcul qui
va faire évoluer la solution de I’état initial jusqu’a I’état statistiquement stationnaire. Ensuite,
nous exécutons un deuxieme calcul pour collecter les statistiques. Eventuellement, nous
pouvons exécuter un troisieme calcul, si nécessaire, en sauvegardant les solutions instantanées
pour créer une animation.

Premier calcul ; stationarisation

RUI’I Ca|CU|atI0n > Tlme Step SIZG(S) 1e_ & A:TurbuentPipeLES Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp, pbns,
05 File Mesh Define Solve Adapt Surface Display Report  Paralel  Wiew Help
| -d-me|sesa ||einE-0-
H H . Fun Calculation
Run Calculation > Number of Time Steps: Prablem Setup
10000 Genetal Check Case... | Preview Meskhotion.., |
. Models
IMaterials Time Stepping Method Time Step Size (5)
F‘hises ; [Fixed | Ile—DS 5
H 1 . Cell Zone Conditions
Run Calculation > Extrapolate Variables: Sy conaeins | 20 )
Cocher Mesh Inketfaces I 20000 i_l
Cynamic Mesh =2
Reference Values Qptiars
H H H Solution i
Run Calculation > Max Iterations/Time : W Erapolte varisbles
Solution Methods [ Data Sampling for Time Statistics
Step : 20 Solution Controls Sampling Interyval
Monitors I 1 ﬂ i i
Solution Initialization = WI
Calculation Activities Time Sampled (5] I )
2un Calculation|
Results Max Iterakions/Time Step  Reparting Interval
Graphics and Animations I =20 o I 1 =
Plats Z ha
Reparts Priofils Update Inksrval
1 -
-
Drata File Quantities. .. | Acaustic Signals,.,, |
Calculate I
Help |

Lancer le calcul en cliquant sur Calculate

D’apreés la configuration que nous avons choisie, le calcul effectuera 20 boucles internes pour
chacun des 10000 pas de temps demandés. Il est clair que le calcul prendra beaucoup de
temps pour terminer I’exécution. C’est le prix a payer pour faire une simulation des grandes
échelles. La disposition d’un cluster a plusieurs nceuds (High Performance Computing, HPC)
est plus que souhaitée.
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h A - i e -

= | e | e
R ] i
1856 H\“*-H_
1T

a L] n b1 4D an in m n 0
Rerations
Haabiod e bambuait (1 e 30 e (7] £l W,

ST FLUENT LD, <, pbry, LS gt

Deuxieme calcul : collecte des statistiques

Une fois le premier calcul terminé, on récupere le fichier *.dat contenant la solution
stationnaire qui est supposée étre statistiquement convergente. Pour rappel, avec 10000 pas de
temps de 1e-05, I’écoulement est passé de t=0 sec a t=0.1 sec. Dans cette deuxiéme étape,
nous allons continuer de t=0.1 & 0.15 sec. Ceci sera réalisé par 5000 pas de temps dele-05.

Run Ca|CU|atI0n > Tlme Step SIZG(S) 1e_ & B:TurbulentPipeLES_HPC Parallel FLUENT@catslogin.tc.cornell.edu [3d, dp,
05 File Mesh Define Solve Adapt Surface Display Report  Paralel View Help
|[E-d-me|staa 2@ AnE-0-
Run Calculation > Number of Time Steps: | | Froblem setue BuiCaieulation
5000 ;Egj;l Check Case... | Preyiew MeshiTotian, . |
Materials Tirne Stepping Method Tirme Step Size (<)
. . Ehﬁszes o |Fixed =l Ile-DS a
Run Calculation > Extrapolate Variables: e B T
COCher Mesh Interfaces lsmu—ﬂ
Cwynamic Mesh i
Reference Yalues Options
Run Calculation > Max lterations/Time B ¥ Extrapolate Variables
Solution Methods [V Data Sampling For Tirne: Statistics
Step 20 Solu!:ion Contrals Sampling Interval
r;Ezlttigr.;nitia|iz_e._ti_on I1 _ EI Sempling Options... |
En plus du changement ci-dessous, il faut | | e HiEoSIES ) [oio5as
demander au code de faire les statistiques. Results e oo e e
Glraphics and Animations Izg = I 1 =
Plaks Z he
Data Sampling for Time Statistics: cocher Reporks Prafis Updat= [nterval
i =
En face de Time Sampled (S) s’affichera le Data File Quantities... | Acoustic Sigrals., |
temps Durant lequel les statistiques seront ks |
calculées (pour cet exemple: 0.05 sec)
Help |

Sauvegarder le projet, comme précédemment, et lancer I’exécution.

Troisieme calcul ; animation

Post-processing
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Pour visualiser les résultats, on utilisera I’outil ANSYS-CFX-Post

Contour plots of Axial Velocity instantaneous and averaged

% B:TurbulentPipel E5_HPC Parallel FLUENT@catslogin.tc.comelledu [3d, dp, pbns, LES, transient] [ANSYS Academic Rescarch]
Fle |Mesh Define Sobe adspt Suface Display Report Parllel View Help

|E-d-=me|[Seaq s @ant-o-|

1: Corkaurs af ¥ Velocity (mi ¥

Problem Setup ‘ Graphics and

Mod
Mats Options Contours of
Fha: | e Filled Velocity... -]
Cel | [ node values
Bou | ¥ Global Range: Ry =l
Mes | [ Ao Range: i (=) e (ifsy
Oyn [T Clip o Range. [ 9.189887
Reft | [~ prawprofiles
Solutic | [~ Draw esh Surfaces HiE|
Soly
Solu )
o, Levels Setup.
Solu |20 j] j‘
Calc
Run
Resyt Sutfacs Name Pattern e
Match |
i Surface Types HIE| g
E'Wt" s = . 00
en cip-surf v
exhaust-fan 0 2.76e+00
= 2.30e+00
1.84e+00
{Bisplay Y Compute | Close Help 1.38e+00
el 9.19e-01
4.59¢-01
0.00e+00
Contours of ¥ Velocity (m/s) (Time=1.5455e-01)

7L B:TurbulentPipeLES_HPC Parallel FLUENT@catslogin.tc.comell.edu [3d, dp, pbns, LES, transient] [ANSYS Academic Research]

Fle Mesh Defre Selve Adspk Sufscs Disply Report Paralsl Wisw Help
G 05+ AR 7@ AME-0

Prablem Setup ‘ Graphics and

1: Contours of Mean ¥ Velaci ¥

Mod
Mat, Options Contours of

Pha: | 7 Filed Unsteady Statistics... -
Cel | 7 Hode Values

Boul | [¢ Global Range Mean ¥ velocty >
Mes | W auto Range i (5] W (imifs),

EV: [T Gip o Range 003348735 7886173
et

I Draw Profiles

Salutic | [ Draw Mesh Surfaces EIIE|
Saly

Solu. "

o ek smp

Solu |20 EI ! 3’

Cale. o

Run
Result SurFace Name Pattern  how Surface

I
o = Sypface Types ==

= e - 2.79e+00
i 2.39e+00
et | 2.006+00
- 1.61e+00
£ Bigpis | compute | close Help 1.226+00
8.24e-01
Hell
el 432601
3.950-02 R

Contours of Mean ¥ Velacity (m/s) (Time=15455e-01)

ANSY

XY plot of Axial Velocity

2.00e+00

1.00e+00

0.00e+00
-0.001 0 0.001 0.002 0.003 0.004 0.005 0.006 0.007

Position (m)
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