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1.Introduction

In this project, the flow around a NACA 1012 airfoil will be simulated using LES.
The airfoil has a chord length of 34 cm and a span of 10 cm. To be able to run the
simulation on a desktop computer the free stream velocity will be limited to 0.5 m/s.
Figure 1 shows the airfoil.

Figure 1: Schematic picture of the engine enclosure.

2.General considerations

Normally when running a LES simulation an initial flow simulation is provided as an
initial guess. In this task we will do this by performing a steady state simulation using
a standard two equation model called shear stress transport (SST). The result from this
simulation will thereafter be used as an input to our LES simulation. Thus, the first

task will be to create a mesh suitable for a SST simulation and thereafter run the

steady state flow simulation. The second task will be to create a mesh suitable for the

LES simulation and then run the flow simulation.
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3. Steady state simulation

3.1. Mesh generation

The mesh will be generated within ANSY'S meshing.

1. Launch ANSYS Workbench.
2. Change the working directory to a local folder on the system. If not you user
account will be filled and the analysis will be stopped due to full disk.

l'_!' Options

[E=8 R

- Project Management

-~ taraphics Interackion
Geometry Import

- Journals and Logs

~ Project Reporting
Solution Process

- Mechanical APDL

Meshing
- Design Exploration

- Regional and Language Options

- Microsoft Office Excel

Restore Defaults

Project Management

File Locations

Default Folder for Permanent Files

C:\Users\das. EDRLAN\Documents Browse
Folder for Temporary Files
C:\Users\das. EDRLAN\AppData\LocalTemp Browse
Startup
¥ Load News Messages
Maximum Age of News Messages (Days)
90
Custom RSS Feed Address
I~ Start Remote Solve Manager
¥ Show Getting Started Dialog
0K | [ Cancel

3. Create an analysis system “Fluid Flow CFX” inside the workspace by double
clicking in the toolbox or drag and drop.
4. Right click on the geometry cell in the analysis system and select import

geometry. Browse to the supplied geometry file NACA1012.agdb.

5. Double click on the mesh cell to start ANSY'S Meshing.

The geometry is now automatically imported into ANSYS Meshing. The geometry
consists of one multi-body part that consists of two bodies. The inner one with the

blade will be meshed with a finer mesh and the outer region will have a coarser mesh.
The first step within ANSY'S meshing is to create something called “Named

Selections”. These will represent our boundary surfaces within ANSYS CFX. The
second step is to apply meshing methods and sizing’s to the bodies and surfaces.
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6. Select the surface that represents the inflow. Right click and select “Create

Named Selection. Give the selection the name “Inflow”.

7. Repeat this procedure for the outflow and the symmetry surfaces (high and

low Z), the entrainment surfaces (high and low Y) and the blade.

drtrc e, b, 1,4, o, ) Dmgram wst'n Comam

8. Set the global mesh sizing by clicking on mesh in the tree and change the

sizing in the detail window to the following:

Details of "Mesh" n
| Defaults -
Physics Preference CFD F
Solver Preference CFX
|| Relevance 0
[=I| Sizing
Use Advanced Size Function | On: Curvature
Relevance Center Coarse
Initial Size Seed Active Assembly
Smoothing Medium =
Transition Slow
Span Angle Center Fine
|| Curvature Mormal Angle |25,0*
| Min Size 0,250 mm
|| Max Face Size 21,0 mm
|| Max Size 21,0 mm
|| Growth Rate 1,10
Minimum Edge Lenagth 4 37860 mm b
Inflation
Advanced
Defeaturing 18
Selection Informatien (Beta) B x




Engineering Data Resources a.s

2011-01 LES Workshop

Rev.

1

LES Workshop within the Masters Course in Turbulence Modeling at
Chalmers

Date:

3/1/2012

9. Select the body that contain the blade and right click on mesh in the tree and

insert method.
(@ A Fluid Flow (CF) - Meshing [/

Fie Edt View Units Tools Help ||| o/ GenersteMesh 1@ i (X @]+ (FWorkshest | in

T Show Vettices giWireframe | Il Edge Coloring v £~ A~ A~ A% A~ | |+l Thicken Annotations | g1 T Show Mesh (Bets)

@, Mesh Control v | |jivetric Graph | Bz 0ptions

Mesh =/ Update | @M
Outline .

@] Project
- (& Model (A3)

</ Update B, Sizing
¥, Contact Sizing

)| A Inflation

faults | 9 Clear Generated Data
PPPPP b Rename

10. Change the method to sweep.

11. Change source and target selection to “Manual Source”.
12. Select the surface at high Z and apply.

13. Change face mesh type to “All Tri”.

14. Set the sweep number of division to 20.

15. Select the outer solid and insert a second mesh method.
16. Change the method to tetrahedrons.

These two methods will be the base for the meshing. To preview the mesh so far right
click on mesh in the outline tree and update the mesh. The next step in meshing will

be to insert some local refinements.

17. Select the edge representing the blade and right click and insert sizing.
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@, Sizing
*, Contact Sizing
A Refinement

ﬁ Match Control
& Pinch

GoTo

:}' Generate Mesh On Selected Bodies
:}' Preview Surface Mesh On Selected Bodies
<] Clear Generated Data On Selected Bodies

Parts

. Isometric View
150

v Set
32 Restore Default
@ Zoom To Fit

Cursor Mode
View
I Look At

5 Select All
Suppress Body
Suppress All Other Bodies

@ Hide Body
i@ Hide All Other Bodies

Association

high order NURBS with many knots, These types of surfaces mi
high order NURBES with many knots. These types of surfaces m;

18. Set the mesh size in the detail view to 4 mm.

Finally we need to resolve the boundary layer a lot more to account for the velocity
gradient. This is done using an inflation technique where the surface mesh is extruded

;!:; Create Coordinate System
Q Create Named Selection

in the normal direction in order to create thin prism elements.

19. Right click on the sweep method and select “Inflate this method”.
20. Select the edges that represent the blade on the source surface used in the
sweep method.

Outline

Scaping Method | Geametry Selection
Geametry [1Face
=] Definitior
Suppressed [mo
Boundary Scoping Methad | Geometry Selection
: Apply Cancel
Inflation Option Total Thickness
Number of Layers 5
Growth Rate 12
Maximum Thickness Please Define
Inflation Algerithm Pre
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21. Change the inflation option details to:

Details of "Inflation” - Inflation 1
-| Scope
Scoping Method Geometry Selection
Geometry 1 Face
-1| Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary 2 Edges
Inflation Option First Layer Thickness
First Layer Height 0,4 mm
Maximum Layers 10
Growth Rate 11
Inflation Algorithm Pre

With these setting a mesh of about 155k nodes will be generated.

3.2. Creating the CFX case

3.2.1. Physics

Now the mesh is completed and if the project isn’t saved it is recommended to do so.
The next step is to create the CFD simulation. To launch the pre-processor go back to
the Workbench project page and right click on the Setup cell in the analyse system
and select update. Double click thereafter on the same cell. This will bring up the
CFX Pre-processor with the mesh loaded. The pre-processor will apply a set of
default physics within the Default Domain.

1. Double click on the default domain. This will bring up the details of the
physics that are applied.

The details show that the default fluid applied here is Air at 25 degrees C. This is
what we want in this case so leave that as it is. The other settings on the basic tab are
also correct for the type of simulation we will perform. The second tab is used to
specify the physical models that we want to solve in this fluid domain.
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Basic Settngs | Fuid Models | Initialization

Location and Type
Location B116,831 - D
Domain Type [Fsd Domain =
Coordnate Frame  [Coord 0 ~]
Fiuid and Particle Definitions.. =]
Fluid 1
Fuid 1 = Dietais of Default Domain in Flow Analysis 1
Dption [ Material Library -] Basic Settngs | FluidModels | Initaizat
Material Airat25C - [] Heat Transfer =1
Morphology = Opton (1sothermal =
Option [continuous Fiud = Fuid Temperatwre 25 [C]
7] Minimum Volume Fraction Turbuence =
Domain Models et lkepson +) []
Pressure = Wl Functon [scalable =)
Reference Pressure 1 [atm] Advanced Turbulence Control
Buoyancy Model = Combuston =
Option [von Buoyant -] et [one -]
Domain Molion o Thermal Radiation =
Option [stabonary - Option [one -]
e 5 ] Blectromagnetic Model
Option [one =

2. Change the turbulence model to shear stress transport (SST).

3.2.2. Boundary conditions

Now the different boundary conditions needs to be defined. Initially all surfaces are
assigned a wall boundary condition with a no slip condition. When we apply a new
condition to a surface this surface will automatically be removed from the default wall
boundary so when we are done with the boundary all remaining surfaces are given a
default wall condition.
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m Boundary: Inflow !3
Detals of Inflow in Default in in Flow lysis 1
Jetals of Inflow in Default Domain n Flow Analysis 1 Basic Settings | BoundaryDetalls | Sowrces | Plot Options
Basic Settings | Boundary Detals | Sources | Plot Options | Flow Regime =
Boundary Type (et - Option [subsonic -
Location Infiow - () Mass And Momentum =
{[] Coord Frame Option [Nmnalspeed v]
Normal Speed
Turbulence B
Option [Maim (Intensity = 5%) v]
1. Right click on the default domain and select insert boundary. Give the

boundary Inflow as name. Since we have already given a named selection this
name it will per default pick this surface as the surface for this boundary
condition. If not chance the location to the correct surface or click in the
graphics.

2. Change the mass and momentum option to Cartesian velocity component and
set the velocity to 0.5 m/s in the x-direction and the turbulence to zero
gradient.

3. Create a new boundary for the outflow. This time change the boundary type to
outlet.

4. Set the relative pressure to 0 Pa using the “average static pressure option”.

5. Create a new boundary condition for the entrainment surfaces. Change the
boundary type this time to opening.

6. Specify the mass and momentum option to entrainment and set the relative
pressure to 0 Pa and set the turbulence to zero gradient.

7. Create a new boundary condition and set the type to wall. Select the surfaces
that describe the symmetry surfaces.

B M ves@m SsSeaaa @@ O n
Detals of y in Default in in Flow Analysis 1

Location

Basic Settngs | Boundary Detals | Sources

Boundary Type [wd - ]

] Coord Frame

Viewl -

metry1,Symmelry2, Symmeftry3,Symmetryd - B
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8. On the details setting change to free slip wall.
9. Finally create a condition with the name blade and specify it to the blade
surface. Set the boundary type to wall and make sure it’s a no slip wall.

Now all surfaces are specified and the default domain default condition is removed

since it doesn’t contain any surfaces.

3.2.3. Solver control

Normally the default solver controls are good for a standard case. Here we want to
increase the convergence criteria and also the maximum number of iterations.

Outine |

4 (g8 Mesh

- [&@] cFPxt.emdb
% Connectivity
4 @ Simulation
F] @ Flow Analysis 1
© Analysis Type
4 5 Default Domain
Pt mflow
Bt biace
it entrainment
fi& outflow
P symmetry
ﬂ Interfaces
F] Solver
¥4 Solution Units
Output Confrol
)\ Coordinate Frames
> @ Materials
@ Reactions
4 [%] Expressions, Functions and Variables
Additional Variables
Expressions
User Functions
User Routines
4 @ Simulation Control
@ Configurations
> Case Options

Outine | Sohver Contral | 8

Detais of Solver Control in Flow Analysis 1

Basic Settings | Equation Class Settings | Advanced Options |
Advection Scheme

Option [Hd1 Resohution - l
Turbulence Numerics =

Option [Frstorder -

Convergence Control

Min. Iterations 1

Max. Iterations 100
Fuid Tmescale Control =

[Auto Tmescale |

Tmescale Control

Length Scale Option [Cu'servalive = ]

Tmescale Factor 1.0
[T7] Maximum Timescale
Convergence Criteria
Residual Type RMS -

Residual Target 1E-4
] Conservation Target
|[] Hapsad Wall Gock Time Contral
] Intermupt Control

1. Double click on the solver control in the tree view. This brings up the solver

settings.

o

Verify that the high resolution scheme is used.
Increase the maximum number of iterations to 200.
Change the convergence criteria to 1e-5.

-10 -
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3.2.4. Solver monitoring.

Before the solver is started we want to specify some monitoring points. This will help
us verify that the flow case is converged after reaching the convergence criteria. In
this case the Cd and Cl are of interest so we want to use the definition of those and
monitor them during the simulation. The way we do this is to create a few expressions
that define the parameters of interest. Thereafter, these expressions are set as monitor

points.

1. Double click on the expressions. This will bring up a blank field called the

expression editor.

Outiine | Expressions

4 |G Mesh
+ @ CPXt.cmdb
3 Connectivity
4 g8 Simulation
4 [ Flow Analysis 1
@ Andlyss Type
4 [J] 69 Default Domain
Pt mfow
I+ blace
Pt entramment
B¢ outflow
P& symmetry
¥ Interfaces
4 Solver
"% Solution Units
= Solver Control
& Output Control
,%‘\ Coordinate Frames
> @ Materials
@ Reactions

4 %] Exp i F ions and

@ Additional variables

User Functions
User Routines
4 @ Simulation Control
Configurations
> Case Options

Quthine Expressions

Expressions

Expressions

2. Right click on expressions in the expression editor and insert a new expression
called span. Give the expression the value 0.1 [m]. The unit is very important
since CFX keeps track of all units.

3. Continue to create an expression for chord, velocity, area and density (1.185

kg/m3).

-11 -
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Expressions

4 Expressions

mmaE

i O5 1T

airdensity 1. 185 frgm~-3]
span Ychord
.34 [m]

o1 fm]

-5

4. The Cd expression involves the free stream, velocity, area the force drag force
on the blade. Right click on the expression to insert a new expression called

cd.

5. Right click in the white field where the expressions are entered.

Details of ed aeal
areaAve
arealnt
ave

J= Functions ] User » count
Expressions Y Locator-based 3 ::.::TIUE
3¢ Variables 3 A >
Mesh Locators 4 inside
Physics Lacators 3 mass
E ¢ Constants » = —
Eait 4 massFlowAve
massHowAveAbs
massHowInt
massint
maxVal
minVal
probe
rbstate
msAve
sum
torque
volume
volumeAve
volumelnt

6. Select the force. This is a pre-defined expression already built in that gives us
the total force on a surface we specify.
7. Right click again in the field and select the blade under physics locator.

Definition | Plot I Evaluate |
*force(}@
J= Functions 4
Expressions 3
¢ Varisbles 3
Mesh Locators 3
Physics Locators 4 D
C  Constants » 0
i =]

-12 -

% Inflow

4 blade
enirainment

L outflow
symmetry




Engineering Data Resources a.s

2011-01 LES Workshop Rev. 1
LES Workshop within the Masters Course in Turbulence Modeling at Date: 3/1/2012
Chalmers

8. To get the force in the flow direction (i.e. x-direction) modify the expression
to force_x()@blade.
9. Add the remaining variables that define cd. It should look something like this:

Details of od

2*force_x(J@bladef(zirdensity*area®velocicy™2)

10. Create a similar expression for cl using the y component of the force.

With these expressions in place we can now use the cl and cd expression as
monitors during the simulation.

11. Double click on the output control. On the monitor tab create a monitor point
called “drag coefficient”

Oufine | Expressions

4 (& Mesh -

. [ CFX1.cmdb | Outine | Expressions | Output Contral | E

1 Connectivity Detais of Output Controlin Flow Analysis 1
4 [ Simulation

4 g Flow Analysis 1 Results | Badup | Monitor

® Analysis Type [#] Monitor Objects
4[] ) Defaut Domain Manitor Balances -
J% mnfiow Monitor Forces -
7% bace S
J£ entranment Monitor Residuals -
7% outfiow Monitor Totals -
7% symmetry Monitor Partides -
8l Interfaces Maonitor Points and Expressions
4 Solver
&% Sohufion Units
o Solver Contral
K Coordinate Frames
» [&] Materials
@ Reactions
4 E i F ions and
Additional Variables
4 Expressions
& sirdensity
? a:lea Insert Monitor Point \EI
i
& chord Name |Drag coeffident
2 d
@ o Cx] [ o]
Vi velodty
User Functions

Xummmmmmm

m

12. Specify the monitor point to use and expression. Right click in the white field
and select the cd expression that we created above.

-13 -
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[ Outine | Exressons | Outut Convl

8w [F4¢aae [

\\\'.lr/,/

Details of Output Controlin Flow Analysis 1 View1 «
Results | Backup | Monitor
I[#] Monitor Objects =]
Monitor Balances -
Monitor Forces -
Monitor Residuals -
Monitor Totals -
Monitor Partides -
Monitor Points and Expressions =
Drag coeffident
Drag coeffident =
Option Expression - ]
Expression Value =
J= Functions 4
] Coord Frame .
Expressions 4 airdensity = 1185 [kg m~-3]
3¢ Variables 4 area = span*chord
Mesh Locators b cd = 2*force_x{) @blade/(a...
Physics Locators 4 chord = 0.34 [m]
C  Constants 4 d = 2*force_y()@blade/(a...
Edit » span = 0.1 [m]
| | velodty =0.5 [m s-1]

13. Create an addition monitor point for the lift coefficient.

3.3. Run the solver.

Now everything is set up for this case. Save the project and change back to the

workbench project page. To start the solver right click on the Solution cell in the Fluid
Flow analyse and select edit. This will bring up the solver manager that submits the
case to the solver. The solver manager helps us to specify the number of CPU cores
we want to use and/or if we want to run locally or distributed over the network. Here
we will run the case locally so change the start method to “HP MPI Local Parallel”

and specify to the number of cores available on the computer.

-14 -
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@ Define Run

Global Run Settings

Initiaization Option
[ Initial Values Spedfication

Run Mode:

RunDefiiiton | Partitoner | Solver | Interpolator |

[current solution Data f possive) -]

[ Double Predsion
Parallel Environment

[P MP1 Local Paralel

EDRGTBO3

Host Name]

Partitions

4

Show Advanced Controls

Start Run Save Settngs

Start the run. The solver residuals will show convergence after 140 iterations with the
condition that we have set. However, if we look at the monitor points that we added
we still see that the lift coefficient is not fully converged. This shows the importance
to not only look at residuals when judging convergence. For many cases it is enough
to look at residuals but it should in general be combined with monitor points.

1.0e400

1.0e-01

1.0e-02 |

variable Value
7
&
1
|

1.0e-04

1.0e-05

1.0e-06 —

Momentum andMass | Turbuence (ko) | wallscale | Userponts

14—

I B e e T
[} 2 0 50
Accumulated Tme Step

T T
80 100

T
120

T
140

I~

— T T T T
20 0 €0 B0
Acammulated Time Step

100 120 140

—— RMSP-Mass —— RMSUMom —— RMSV-Mom

RMS W-Mom

—— Monitor Point: Drag coeffident —— Monitor Point: Lift coeffigent

-15 -
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3.4.

Switch back to the workbench project page and double click on the results cell in the
analysis system. Try to add a plane through the domain and plot for example pressure
and velocity. Add velocity vectors to the plane as well and perhaps some streamlines

through the domain.

4.LES simulation.

The mesh for the LES simulation will be similar to the mesh used in the steady state
simulation. We will refine slightly around the blade and refine the boundary layer.
Apart from that we will use identical settings. Thus, to simplify the creation we start
by duplicating the analyse system from the first case and make use of the work we
have already put into the model. Navigate to the workbench project page and right

Investigate the results.

click on the first cell (A) of the steady state system. Select duplicate to create an

identical analyse.

/A LES Workshop - Workbench
Fle Edit View Tools Units. Help

rew Fopen.. [dll save (Al save As... ‘,ij

Impx
o

2 x
‘E! Analysis Systems |‘
{4 DesignAssessment

Electric

[ ExplicitDynamics

[@ FluidFlow-BlowMolding (POLYFLOW)
@ Fluid Flow - Extrusion (POLYFLOW)
(@ Fluid Flow (CFX)

(8 Fluid Flow{FLUENT)

{G Fluid Flow (POLYFLOW)
HarmonicResponse
Hydrodynamic Diffracion

g Hydrodynamic Time Respanse

§) LinearBuckling

{8 Magnetostatic

il Modal

fili Randomvibration

fili ResponseSpectum

[ Rigid Dynamics

[ Shape Optimization

[z Static Structural

B steady-state Thermal

@) Thermal-Blectric

[ Transient Structural L
([} Transient Thermal

‘E‘ Component Systems

@ auToDN

4 BladeGen

@ Crx

@) CFX (Beta)

& Engineering Data

¥ ExplicitDynamics (LS-DYNA Export)
$ External Connection

External Data

eeeeeeeee t & RefreshProject # Update Project

¢ Update All Design Points

[=lle =

Project ) Compact Mode

v R ox
- A -~ B
0 & Fluid Flaw (0
2 {
3@ = =
4 |@ {53 Duplicate Setup v o4
s |6 ¢ Clear Generatdg Datz Solution 7
6@ 5 % Delete Results 7
7 |R "EE Renome Parame! ters
A Properties y of Fluid Flow (CFX)
Open System Directory (Beta)
v R X
A B (5 D .-
I
2 Type Text Association Date/Time [
2 | Warning! | There s no previously saved CFX Setup to refresh o update. Please edit this cel first. | A4 2011-04-08 13:47:35
3 | Events | ANSYSHFSS Antenna Workshop
a4 | Fueni e Niffchrre Tarhnnlnnu Canferenca (OTEY s
v R ox
A ! ° EEE |
3 Status ] Details [ Progress |

| T View All / Customize....

@ DragaToolboxitem on top ofa system to reuse componentsand exchange data.

In order to remember which of the boxes that correspond to the steady state and the

[\EIH\dE Progress ][&H\de 21 Messages ]

new one that we will use for LES we can rename the systems. This is more of a

cosmetic matter.
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N\ LES Workshop - Workbench
File Edit View Tools Unitt Help
[INew 5open... I save (Bl save as... | lmpor
-3 x [OIEE
E Analysis Systems 9

4 Design Assessment
[8) Electric =

natic

| =pRecornect & RefreshProject # Update Project / Update All Design Points ‘ @ Project @C

A

i ExplicitDynamics

@3 Fluid Flow - Extrusion (POLYFLOW)
(3 Fluid Flow (CFX)

3 Fluid Flow (FLUENT)

B Fluid Flow (POLYFLOW)

9 HarmonicRespanse

[ HydrodynamicDiffradion
[ Hydrodynamic Time Response
) LinearBuckling
Magnetostatic

f§ Modal

filj Random vibration

ffli ResponseSpectum

[ RigidDynamics

[E=) Shape Optimization

[ Static Structural

B steady-State Thermal
Thermal-Electric

fEd Transient Structural

3 Fluid Flow-BlowMalding (POLYFLOW)

1 % Fluid Fow (CFX)

2 ) Geometry v a4 2 @) ceometry v o,

2@ resh v o4 3 @ Mesh v o

4| @ setup v 4 4 @ setwp v o4

5 | solution v 4 5 |5 Soluion 7

6| @ Resuts = € | Resuts =
— 7 B Parameters —2 7 |[pd Parameters

E /hdy state SST LES Simulsticn|

== |

]

b}

Type Text

‘Association

(=K

Date/Time

A4

2011-04-08 13:47:35

Events ANSYS HFSS Antenna Workshop

1
2 | Warning! | There is no previously saved CFX Setup to refresh or update. Please edit this cel first.
3
2

Fuerts ffshars Terhnelnm Canferenee (OTCY

¥ Transient Thermal

B Component Systams

~ 7 x

A

@ auToDYN 1

Status.

Details

Progress

4 BladeGen

@ CFx

@) CFX(Beta)

& Engineering Data

[ Explicit Dynamics (L5-DYNA Export)
i Bxternal Connection

External Data

| T View All / Customize. ..

& Ready

[ Hide Progress ][ 4L Hide 21 Messages | .:

4.1. Mesh generation

Double click the meshing cell of the new system to start the meshing application.

1. The first change we will do is to change the angular resolution on curved
surfaces from 25 degrees to 18 degrees. A lower value here will resolve
curved surfaces more and we will thus create more elements around the

training edge especially.

[=1| Defaults -
Physics Preference | CFD i
Solver Preference | CFX

Relevance 0

[=I| Sizing
Use Advanced Si... | On: Curvature
Relevance Center |Coarse
Initial Size Seed Active Assembly
Smoothing Medium
Transition Slow =
Span Angle Center| Fine

Min Size 0,250 mm
Max Face Size | 21,0 mm
Max Size 21,0 mm
Growth Rate 1,10
Minimum Edge L... |4,37860 mm

Inflation

Advanced Wl |

Defeaturing il

Selection Information (Beta) B x
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2. Change the first layer thickness of the inflation layers to 0.2 mm.

[-I| Scope

Scoping Method

Geometry Selection

Geometry 1 Face
[=]| Definition

Suppressed Mo

Boundary Scoping Method | Geometry Selection

EBoundary 2 Edges

Inflation Option First Layer Thickness
Maximum Layers 10
Growth Rate 11

Inflation Algorithm

Pre

3. The third change we will do is to add a face sizing on the face of the cut out
section. Set the element size to 5 mm

GoTo
3 Generate Mesh On Selected Bodies

4

&) Clear Genersted Data On Selected Bodies
Parts

@ ometric View

5 se

12 Restore Default

@ Zoom ToFit

Cursor Mode

00 View
I 2 ook At

@ Select Al

1.157e+005 18718

| e Please seed W Hide All Other Bodies
| The following faces are high order NURBS with many knots. These types of susfaces r § Hide Face(s)

A Create Coordinate System
#9 Create Named Selection

L]
& Match Control
A

* 18 (mm)

/87201142025 PM
4/8/2011 1:06:41 PM

4. Jump back to the workbench project page and right click on the setup line and
select update. This will regenerate the mesh and reload the mesh into the CFX

pre-processor. Save the case.
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(] CF¥ (Beta)

& Engineering Data

M Explicit Dynamics (L5-DYNA Export)
o Bxternal Connection

External Data

View All/ Customize ...

¥

M\ LES Workshop - Workbench E@
File  Edit View Tools Units Help
hj New [jwopen‘.‘ H Save Lﬂsave As... | mlmport.‘. | «gReconnect (& Refresh Project # Update Project / # Update All Design Points | {9 Project Compact Mode

(2 analysis Systems |~ =
f4 Design Assessment
Electric = - L
[¥ Explicit Dynamics by =+ Fuid Flow (CFx)

] @ Fluid Flow- BlowMolding (POLYFLOW) 2 | @ ceometry v o4
@& Fluid Flow - Extrusion (POLYFLOW) 3@ mesh v .
i Fluid Flow (cFx) 5| @ setup v . Y =
g ;:“‘:;:w' E;;t::;?:w) 5 | @ Solution v 5 |§8 sohtior Edit...
uid Flow
Import Case...

6 Resul: 3 Resut P
HarmaonicResponse 0 = = 4 9 i
¥ Hydrodynamic Diffradion 7 | [pd Parameters 7 |[pd Peramel 23 Duplicate
B Hydrodynamic Time Respanse = Stady state 55T LES Si Transfer Data From New  »
m Linear Buckling L4
[E] Magnetostatic #  Upda
Modal Clear Generated Data
m Random Vibration [ 153 Parameter set Refres .
il Response Spectum Reset =T
[z Rigid Dynamics =
R -
[ Shape Optimization A 8 |E Rensme c D 3
= " g L4
[ static Structural 1 Type Tex| Properties Assodation Date/Time
ﬂ Steady-State Thermal Z Warning! | There is no previously saved CFX Setup to re| Quiick Help A4 2011-04-08 13:47:35
@ Thermal-Electric 25 Events ANSYS HFSS Antenna Warkshop
[ Transient Structural = a Fuente Nffhnrs Tarhnolnay Canferanee (OTC) -
[ Transient Thermal Prog - B ox

|EI Component Systems A B ‘ C |
@ autoom 1 Status Details | Frogress |
&4 BladeGen
o

@ Double-dick component to edit

4.2.

Modifying the case.

[ Fide Progress || Hide 21 Messages | .:

Start the CFX pre-processor of the new analysis system. This will bring up the exact
same case as the steady state case but with the new refined mesh created. The LES
technique is by default transient so we need to change the simulation into a transient

run.

1. Right click on “Analysis Type” in the tree and select edit. This will bring up
the following formula. Change the setting to the following and apply.
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Details of Analysis Type in Flow Analysis 1

Basic Settings

Extemnal Solver Coupling

Option

Option

Option

Total Tme

[Mone

Analysis Type

[Transient

Time Duration

[Total Time

5[]

Time Steps

==

0.005 [5]

[utomatic vith vaiue

0fs]

[ o

J[mr |[ o= |

2. Now we need to change the turbulence model to the Dynamic LES model.
Double click on the domain and change to the Fluid Models tab where the

physics are defined.

3. Click on the button with “...” to bring up a dialog box with all available
turbulence models. Select the LES Dynamic Model and press ok. Confirm the
physics changes with ok.

B4 : LES Simulation - CFX-Pre

Edit Session Insert Tools Hep

H B 5%

(ol =]

9 F A0 XEMA OFH
- Domain: Default Domain B
[Detais of Default Domain in Flow Analysis 1 .
BasicSettings | FuidModels | Initiakization |
Heat Transfer =]
Option [1sothermal ~
Fuid Temperature 25[c]
Turbdence =]
Option [smarsnessnmt -] | (e - Equston
Wall Function [Automate = | |est
BSLEARSM
Advanced Turbulence Control |RRRe Stress
Transitional Turbulence QlReynoids Stress
Combustion o Omega Reynolds Stress
LES Smagorinsky
Option [Nﬂne hd ] LES WALE
Thermal Radiation =] 1550
Option [none -
7] Blectromagnetic Model
i
RL %
In hsient ire thatinitial conditions an Initial Values file is spedifie|
& o
& n fate transient results files have been defined.
I
[ o ” Apply ][ Ches o m b
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The change in turbulence model results in some warnings on the inflow and

entrainment boundary. The reason for this is that the two equation model had some
turbulence conditions that are not needed for the LES model. Thus, we need to update
the inflow and entrainment condition. Double click on the inflow condition and click
ok directly without doing anything. Repeat this for the entrainment condition and bot

warnings will be taken care of.

When running LES cases central differencing schemes are normally used and CFX
also gives us a recommendation to change numerical scheme. Double click on the

solver control and change to central differencing.

Detads of Solver Lontrolm How Analysis 1

Basic Settings | Equation Class Settings | Advanced Options |
Advection Scheme

Dption |Central Difference -]
[F] Bounded cDS
Transient Scheme =

Option [Second Order Backward Euler -]
Tmestep Initiskization =

Option [Automatic -
[] Lower Courant Number
] Upper Courant Mumber

Convergence Control
Min. Coeff. Loops 1

Max. Coeff. Loops 10
Fluid Timescale Control =]

Timescale Control [Coefficent Laops o

Convergence Criteria
Residual Type RMs -]

Residual Target 0.00001
|[] Conservation Target
I[7] Bapsed Wall Clock Time Control
] Interrupt Control

I R

Additionally, we are encouraged to add some intermediate result files. This is useful if
we would like to animate the results. Also, if the simulation for some reason crashed
due to full hard drive or license failure it is always useful to be able to restart the

analysis.

1. Double click on output control and change to the Trn Results tab.

2. Click on the new button and set the time step interval to 10 and press ok.
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Detais of Qutput Control in Flow Analysis 1

Resuts | Badup | TmResuts | Tmstats [ Monitor | Bxport |

Transient Results

Transient Results 1

Transient Results 1

Ontion [standard -]

File Compression [Defal.il - ]
] Output Equation Residuals
] Extra Output Variables List
Output Frequency =
Opfion Timestep Interval -
Tmestep Interval 10
o« J[ oy || o

For this simulation we will use the results from the steady state simulation as input
and thus we don’t need to add any initial conditions so we can ignore that warning. In
order to initiate disturbances to the flow and trigger some turbulence we want to apply
some random fluctuations to the initial results that we will be using. This is an expert

option that needs to be added.

1. Click insert in the top meny and select expert parameter in the solver section.
This will bring up some of the advanced features that are available within the

pre-processor.
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i
i
i

e oH ereaEl, nF% B

Analyss Type ;m;.p@\@@‘ D'|§'-'a

N View 1l ~

FRUaR0 Ho®

Goew &
i

Eﬁ

¢

(8] reactions
4 (%] Expressions, Functions and Variables

4 (3] Expressions
V& airdensity

& area
& cd
V& chord
& d
V& span
V. velogity

facy
A
a
::]
@
[] Additional variables

& In Analysis Flow Analysis 1' - Domain Default Domain”: Transient analyses require that initial conditions are spedfied unless an Initial Values fie is spedfie|
nun-time.

& | T i,

2. Change to the “Physical Models” tab. Hit the check box in from of the option
“apply ic fluctuations for les” and set this value to true (t) and confirm with

ok.
- Expert Parameters [ x]

Detals of Expert Parameters in Flow Analysis 1in Flow Analysis 1
| I/O Control | Convergence Control | Physical Models Pa'lideTrElIl

Combustion Models

[ coupled scalars
I[7] use kolmogorov ts for extinction

Partitioner Control =
[] part cvs weighting

Interpolator Control =]
[ interp single phase treatment

Turhulence Models

] apply ic fluctuations for les =2
\iglue t -

tef numerics option

[ wallscale relaxation factor
General Grid Interface

] force intersection

] ogi vertex weighting value

ox J[ mov J[ e |
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3. Save the project.

4.3. Run the solver.

Now the LES-simulation is set up and is ready for execution. In order to restart form
the previous run, we need to couple these analysis systems together. This is done by
clicking and holding the left mouse button on the “Solution” cell of the first system.
While holding the mouse button, drop the solution cell on top of the solution cell
within the new analysis system. This will create a link that informs ANSY'S that the
results in system A will be used as input in system B.

M\ LES Workshop - Workbench
File  Edit W¥iew Tools Units Help

INew [50pen... |l save (&l save as... |mlmport‘.. |

L B Project Schematic

[E=8 [EeE =

Reconnect & RefreshProject 7 Update Project ## Update All Design Points | (3 Project () Compact Mode
E: i

»

| El Analysis Systems ‘ 3 5
|4 Design Assessment

&) Electric

¥ Explicit Dynamics

@ Fluid Flow- BlowMolding (POLYFLOW)
@ Fluid Flow - Extrusion (POLYFLOW)
@ Fluid Flow (CFX)

(& Fluid Flow (FLUENT)

@ Fluid Flow (POLYFLOW)
HarmonicResponse

[ Hydrodynamic Diffracion

E‘g Hydrodynamic Time Response Stady stste S5T LES Simulation
3l LinearBuckling B
|if) Magnetostatic
Modal

Random Vibration

4@ setup v 4

| CE=—y

6@ Resuts [
2 7 |[p] Parameters

5 | g Solution
6 |@ Resuts
= 7[5 Parameters

H
[ ]
#
&
ol | B S8 S
[ Y Y 19
]

[}

| 152 Parameter Set

filf Response Spectum
= Rigid Dynamics

|2} Shape Optimization
[ Static Structural 1 Type Text

ﬂ Steady-State Thermal The CFX Solver for system LES Simulation did not produce a results file. Detailed
@ Thermal-Electric 2 Errar! information can be found in the output file for the run, which can be viewed by BS 2011-04-11 11:32:20

selecting Display Monitors from the Solution component. 5
[z Transient Structural -

A B (o} D
Date/Time

4
=
=K

Association

E Transient Thermal
ECumpunentSyste'ns

-1 x

B c
@ auToow 1 Status Details
{34 BladeGen

@) CFX

@ CFX (Beta)

@ Engineering Data

I Explicit Dynamics (LS-DYNA Export)
JF External Connection

External Data

Progress

‘ T View All / Customize. ..

@ Right-click to update component. [\El Hide Progress HLVQ: Hide 22 Messages J

The workbench page should look something like this after this operation:
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A,' LES Workshop - Workbench
File Edit View Tools Units Help

Mew =

|E| Analysis Systems |:
|4 DesignAssessment

@) Electric

li® Explicit Dynamics

@ Fluid Flow- BlowMolding (POLYFLOW)
& Fluid Flow - Extrusion (POLYFLOW)
& Fluid Flow (CFX)

(& Fluid Flow (FLUENT)

& Fluid Flow (POLYFLOW)
HarmonicResponse

¥ Hydrodynamic Diffracion

& Hydrodynamic Time Respanse

3 LinearBuckling

[if) Magnetostatic

Modal

1

M HSave ﬂSEVEASH. ||ﬂjlmport.‘. |

LI rroject Schematic

2 7 |(pd Parameters

A ot E

I % Fluid Flow (05%)
2 i) Gecmetry
3 @ Mesh

f‘
‘/A
1 @ setw < a
-]
L]
)‘

6| Resuts
=7 [pd Parameters

6@ Resus &,

LES Simulation

Stady state 55T

[y RandomVibration
fili ResponseSpectrum
i Rigid Dynamic
2 shape Optimization

=

Reconnect @ Refresh Project & Update Project / / Update All Design Points | {29 Projec GCompact Mode

»

[}

B

o]

4
=
[

@ Static Structural

Text

Assodiation

Date/Time

ﬂ Steady-State Thermal
Thermal-Electric z

The CFX Solver for system LES Simulation did not produce a results file, Detailed
Error! information can be found in the output file for the run, which can be viewed by
selecting Display Monitors from the Solution companent.

2011-04-11 11:32:20

& Transient Structural -
E Transient Thermal
|E Component Systems

- 3 %

=

@ auToDYN 1

Status Details

Progress

34 sladeGen

@y CFX

@y crx (Beta)

& Engineering Data

m Explicit Dynamics (LS-DYNA Export)
4 External Connection

External Data

| T view All f Customize. ..

@‘ Right-dlick to update component.

[EI Hide Progress “nuén Hide 22 Messages ]

Right click on the “Solution” cell in system B and select edit to start the solver
manager. Notice that workbench automatically have selected the results from the
previous analysis as input. Change the parallel setting to resemble the system you are
in front of and hit start solver. This run will take some time ....

When the simulation has started you can read in intermediate results to investigate
how the solution is progressing. When the solution is done enter the post processor to

look at the results.
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