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Introduction

Workshop Description:

This workshop deals with external aerodynamic around a generic SUV ¢
travelling at 180 [km/h]. This type of simulations require large meshes
and considerable computing power, in order to provide accurate results
In a reasonable time.

Learning Aims:

This workshop aims to teadiasic procedures in running parallel jobs in
ANSYS FluenA relatively coarse and a finer mesh will be employed and
a comparison will be made on computer performance on both meshes.
Various issues will be discussed, connected with computing performance
(mesh size, transients steadycstate run, y value at walls connected to

the turbulence model used, etc.) and a few tricks to accelerate solution
and save CPU time will be mentioned.

Learning Objectives:

To learn how to perform parallel runs in ANSYS Fluent.
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Start a WB Session and load a Project

AStartANSYSVorkbench(AWB),byissuingcommand"runwa" iIn a Terminal First,
you needto issuecommand"module load ansys andthen command'node" (to
haveafull nodeat yourdisposal)

A"File>RestoreArchiveX" browseto the sulbcdir "3.HPC_WORKSHOEBNd select
archivedAWBproject"car_ext aero UNSOLVHEibpz' andclickbutton "Open'.

A AWBwWill requesta working directory to extract the archiveand a project name
Select the original dir ("3.HPC WORKSHQPand select the default name
"car_ext _aero UNSOLVHEibp}" forthe AWBprOJectthat will be restored

A Thefollowingview should L
appear,includingonly a"Mesh" s A

component

Turbomachinery Fluid Flow (Beta)
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Processed Geometry (Design Modeler)

A brief tour In finished'Geometry" cell will be made by the lecturer.
Please pause your workshop work to watch,

J File Create Concept Tools View Help
OB @ DUnde Greoo [[Select [y by RERE v m o |5 QAQAEREQ O K + G @

| B~y Wy A~ fiv Sy Av A A F “ ®extrude #oRevolve & Sweep 4§ Skin/Loft H B Thin/Surface % Blend v % Chamfer ®slice “ # point B2 Conversion
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Sketching  Modeling

Details View x

= Details of Body
Body outer

Volume 119212 m*
Surface Area 3730.2264 m*
Faces 10

Edges 24

Vertices 16 4,000 ()
Fluc/Soid__|Fluc [ e S
Geometry Type | DesignModeler

Model View | Print Preview

| @ Ready No Selection Meter ‘0 |0 4
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Mesh the Model with the Existing Settings

A brief discussion in prset" Mesh"cellwill be made by the lecturer.

File Edit View Units Tools Help “ =3 ‘ % Generate Mesh Tl ¢ 1 v Fworksheet Ix
(RY R AR ER(S S+AQARBFACE n&E S| O

| = Show Vertices #?Wireframe | MEdge Coloring ~ A~ A~ A~ A~ A~ A Pl HThicken Annotations “5how Mesh % B Random Colors & Annotation Preferences | @
Mesh ~} Update | ® Mesh = B Mesh Control = | liMetic Granh

Outline 7
[Filter: Name Gl
=~ (@ Model (A3) ~

-, & Geometry
(24 Coordinate Systems
/8 Connections
=-2&p Mesh
- M8, Face Sizing Car
/. Face Sizing Wheels
8. Body Sizing Inner
/& Patch Conforming Method In
- +#% Tnfiation Patch Conforming M;
- 8, Edge Sizing Downstream
/8. Edge Sizing Upstream
/A& Patch Conforming Method O
-,#% Inflation Patch Conforming M|
--M8, Body Sizing Outer
/8. Edge Sizing Height
/8. Edge Sizing Lateral
/B, Body Sizing Slices
Bl @ Named Selections
-1 symmetry
A wall_ground
0 inlet
/& top
- M8 outlet
i side
0 wall_wheel_rear
/80 wall_wheel_front
--,/8 wall_aar_back
-8 wall_car_wheels
A wall_car_exterior

A fluid_air 1e+003 3e+003
/&1 Meshing_1
- M8 Meshing_2 }Geometr[ﬂ Print Pleview/
A Meshing_3
v Messages =
< > | ‘ Text Assaciation Timestamp
Details of "Mesh" & |Error | All steps in the meshing worksheet must be generated before recordi Project>Model>Mesh Friday, September 20
= Defaults ~
Physics Preference CFD

Solver Preference Fluent
Relevance 0 v
|Ple&§ F1 for Help ‘ ‘@ 1 Message |No Selection ‘Metlic (mm, kg, N, s, mV, mA) Degrees rad/s Celsius 4

AMeshthe model by selecting"GenerateMesh" button. A meshof approximately
9.5M cellsis created
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Examine the Produced Mesh

@ A Mesh - Meshing [ANSYS ICEM CFD] SN
File Edit View Units Tools Help || =% / Generate Mesh Tl [ % v FWorksheet ix

R R S AREE S S AR QAR R s & O

5 Show Vertices &% Wireframe | 1 Edge Coloring v Av A~ A~ A~ A~ A Il MThicken Annotations M Random Colors  Annotation Preferences | &
Mesh =/ Update | ®Mesh v % Mesh Control » | .lliMetric Graph
Outline L3

Filter: Name « 2

(@] Project
B @ Model (A3)
- /B Geometry
»#k Coordinate Systems
{8 Connections
/&b Mesh
1 Named Selections

Details of "Mesh" 2
=l Defaults

# Inflation
=l Assembly Meshing
Method oni
=l Patch Conforming Options
Triangle Surface Mesher | Program Controlled
| Advanced

= Defeaturin:
=l Statistics
Nodes 2021845
Elements 9477443
Skewness i
Min 1.38436139263121E
Max 0.899841284557089)
Average 0.218987259741149|
Standard Deviation  |0.121946491543247 Mesh Metrics "%
Controls | ~
Section Planes x - - -
| | | | I
fEfa x| » [——Tets | | | ) | | —e— Wedb —— Py15 v
[#] Section Plane 1 [_| Section Plane 2 L L
Messages. Mesh Metrics
Press F1 for Help i1 Message No Selection Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

A Examinghe inflation layersaroundall walls Use"SectionPlanes'for convenience
A Reviewthe Mesh StatisticSkewnessAspectRatio,etc.).
A Reviewthe "NamedSelections'{boundaryandcell conditionsin Fluent)

© 2013SimTed td. September 23, 2013 7 Release 14.5.7



Close Meshing, Export the Mesh File

AExitANSYS’Ieshingby"FiIe>CIosMeshing'i
Alnthe AWBprojectschematidhe "Mesh" cellis now complete(checked)

ADrag:andcdrop a "Fluent" ComponentSystemonto the "Mesh" cell Before you
drop it you will seewhat will happenwhenyoudo ("TransferA3", i.e. the meshfile
will be exported from ANSY 3eshing the "Mesh" cell B2 to ANSY $luent the
"Setup"cell A3).

ANOW, cell B2 "Mesh" requiresan "Update", in order for the meshfile *.mshto be
created Updatecell"Mesh" by RMBand"Update".

A Savethe AWBprojectas A

File Edit View Tools Units Extensions Help

11 1
Car_eXt_ae rO_M ESH E\mpz . _INew [5Open... [d save [& Save As... | glImport... Reconnect & Refresh Projedt # Update Projedt
| -2 x

|EI Analysis Systems |"

4 Design Assessment

&) Electric hd B

¥ Explicit Dynamics il 2 Fluent

& Fluid Flow - Blow Malding (Polyflow) 2 Wiy Geometry /0 2 |@ setup &,
& Fluid Flow - Extrusion (Polyflow) 3|§@ Mesh v 3 g3 Solution 2

& Fluid Flow (CFX)
) Fluid Flow (Fluent) Mesh Fluent
& Fluid Flow (Palyflow)

89 Harmonic Response

EY Hydrodynamic Diffraction

&1 Hydrodynamic Time Response

nnnnn i

ime
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Start Fluent Standalone

AUsing"Terminal"go to the workingdir |2 © Fuent Launcher <gcnse> 00 ]
and launch ANSYS-luent standalone | Fa{\VAAY Fluent Launcher

by Issuing the command "fluent" In
y g . M ]

" 20

the. Use the settings shown (all the & 30 ™ Meshing ok
rest settingskeepasdefault) Oily Optors (& e b b}
[v Display Mesh After Reading Frocessing Options
[w Embed Graphics Windows " Serial
[ ‘“Workbench Color Scheme f* Farallel per LSF

Murmber of Frocesses

-

12 3,

[=| Show Fewer Options

General Options Farallel Settings Scheduler ] Erviranment
General Optiohs ] Farallel Settings | Seheculer IErwiru:unment ]
Interconnects Femote Spawn Commanc
|ethernet ﬂ {__FsH i
i+ 55H [v LSF queue
MF1 Types
| default ﬂ [ narrrial =]
[v Use Checkpointing
Fun Types

[T Checkpointing Directory
[v Automatic Checkpoint with Setting of Period
60 4
" Use SGE
" Lze PESPro

(" Shared Memory oh Local Machine
" Distributed Memory on a Cluster

Ok Default Cancel Help - 0K Default Cancel Help
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Read & Check the Mesh

A Readthe meshby: "File>Read>Meski' andbrowseto dir:
"CFD_Thursday6Se®013 3.HPC WORKSHGRf ext aero MESHED filep 0/
SYS/MECHandselectmeshfile "SYSnsh'.

A Readthe mesh "File>Read>Meski'. Themeshis read and automaticallydistributed
to 12 FluentNodesprocessesasrequested Thereisalsoa FluentHostprocess The
distribution of the mesh is done by the default algorithm METIS The user can
distribute the mesh manually with several other ways (e.g. by cocordinate axes
systemof varioustypes CartesianCylindricalPolar,Principal etc.).

A Checkthe mesh "Mesh>Check"No errors shouldappear Theminimumcellvolume
IS reported to be 4.25429%¢10 [m3] and beinglessthan 10ec08 [m3] requiresthe
useof the doublegprecisionsolver.
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File Mesh

Define Solve

Adapt

Surface Display

Turbulence Modeling

Report Parallel View Help

A Activate turbulence modeling In "Models" branch of the model tree at the left,
select "Viscous¢ Laminar" and click button "EditX". From the list select the k¢
om/SSTZcequatloneddycwscosnymodel with the settings,asshown

SYS Parallel Fluent@Achilleas [3d, dp, pbns, lam]

© 2013SimTed-td.

Svd~E@@

Meshing
Mesh Generation
Solution Setup

Materials

“ nases

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Solution Initialization

Calaulation Adivities

Run Calaulation

Results

Graphics and Animations

Plots
Reports

Staa s @LMm-0~

Models
Models

Window 1

Multiphase - Off

Vi o

Heat Exchanger - Off
Spedes - Off
Disaete Phase - Off

Acoustics - Off
Eulerian Wall Film - Off

Edit...

Help

September 23, 2013

Solidification & Melting - Off

Reynolds Stress (7 eqn)
cale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
_! Large Eddy Simulation (LES)

k-omega Model

Viscous Model

Model Constants

Alpha*_inf
1

Alpha_inf
0.52

Beta*_inf

Zeta*

User-Defined Fundiions

Turbulent Viscosity
none
k-omega Options
[] Low-Re Corredtions
Options
Curvature Corredtion
OK Cancel Help

Domain Extents:
x-coordinate:
y-coordinate:
z-coordinate:

min (m)
min (m)
min (m)

Uolume statistics:
minimum volume (m3):
maximum volume (m3):

total volume (m3):

Face area statistics:
minimum face area (m2):
mavimim Fara araa (m2?)-

11

0.09
1.5
v

-1.200000e+01,
-3.000000e+01,
-4.400000e-01,

7.755668e-03
1.196762e+04

1.113282e-07

a 52149%a-A7

max (m)
max (m)
max (m)

3.800000e+01
6.415006e-09
1.156000e+01

Release 14.5.7



Boundary Conditions (BCg)1

AAIthoughthe car is movinginto stagnantair, A Gc@é&enientfrom a computational
point of view to changethe systemof referenceand assumea stationary car and

flowingair.
Ainlet: The air enters with a uniform profile of 50 [m/s] (=180 [km/h]), with mild
turbulencelevel,asshownin the BCpanel We usethe "VelocityInlet" type of BC

SYS.1-5 Parallel Fluent@Achilleas

File Mesh Define Solve Adapt Surface Display Report Parallel View Help
Evd-@@ | [Seaa s @QimyOr
Meshing Boundary Conditions o d
Mesh Generation Zone
Solution Setup I !
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W
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Plots
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A
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A

OK | Cancel! | Help
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Boundary Conditions (BCg)2

Atop & side although there are other alternative BCsfor the top boundary
(symmetry),we will usethe samesettingsaswith "inlet" boundary Thisis a good
approximation,which alsohelpsfaster convergenceprovidedthese boundariesare
located remotely enoughfrom the car (becauseessentiallywe are forcing the air
flow to have a certain direction and velocity, whereasin reality this happensat

Infinity from the bodythat deflectsthe flow awayfrom it).
Alnorderto copythe "inlet" BC we needfirst

to makethem of the sametype. Select'side"and

then"top" zonesandin the "Type"list selecyt

"velocityginlet".
A Now pressbutton "CopyX" andthen "inlet" from the list "From

BoundaryZone"andfinally select"side" and

"top" from the list "To BoundaryZones"

| I—
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