Aerodynamic CFD simulations just
got a whole lot better!
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Your Instructor’s Schedule

Royce Abel

Tme et
DWednesday 10:00 am  Aerodynamic CFD simulation just got a
whole lot better!

Wednesday 2:30 pm Answer Bar — Bring your unanswered
questions!
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Resources —

simhub.autodesk.com

Simulation TV

Resources

Discussions / Idea
Station

Blog

Learning
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Functionality Features
and What's New videos

White papers and
validation documents

Ask questions, share
your knowledge and
ideas

Read feature stories,
learn tips and tricks or
get the latest news

Archive of AU-online
presentations
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Join The Discussion!

= Autodesk customers and industry partners ask questions and share
information about Autodesk products.
=  Regularly monitored by Autodesk employees

CFD Forum CFD Idea Station

Search the Commants SEARCH —
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{\ AUTODESK. COMMUNITY Search the Com

Advanced Search

Advanced Search

FORUMS | ARTICLES | IDEAS Browse by product w

FORUMS | ARTICLES | IDEAS Browse by product w

Autodesk Community : CFD Autodesk Community : CFD  IdeaStation

— Can be
= = found via the
ST = | eerhThsCategony otk | ot TR Search This IdeaStation K n OW I e d g e

rehated m IdeaStation Options ¥ 4 Frevious E2 3 o'l NP Search CFD Ide
o Search CFD Ides

= CFD IDEASTATION

P ¢ CFD General Discussion Q CFD IdeaStation SEARCH ==
CEDe34 a3 (9060 new) (574 new) - ! v ; m
Kudo Add grid to convergence plot
n Status: New Idea
: Post to the Community by (8) erich -25-2015 07-53 AM
y (6) erichul on 09-25-2015 07:53 AM .
Find Answers Common Issues _ J submitNour ldeas -
Have questions about Autodesk
products? Ask the community " - . — . Share and shape product ideas I u
Recently Solved n Solutions Interpreting values plotted in the convergence plot can be slightly tricky as when the eye travels further right (await from the leftmost
m vertical scale), there reference is lost. By updating the plot with a grid, assesment becomes far easier. m
v CFD2 New solver v AutoCAD 2015 0xc0000142 Error occured
Posted to: CFD General Discussion on:10/06/2015 by: GMac338 Posted to: Installation & Licensing on:03/29/2014 by: mazel39 Examplified image attached
Submit Your Ideas ey
v Smoke Extraction Simulation v Some Products Fail to Install, Result 1603 | Announcements

Posted to: CFD General Discussion on:06/14/2015 by: brane1012 Posted to: Installation & Licensing on:03/22,

v Share and sh oduct ide.
y: TravisNave ar ape product ideas. Please review our IdeaStation

m guidelines and best practices
v Simulation CFD - Variable internal temperature v Error 413 | Request Entity Too Large before posting a new ides, or
Posted to: CFD General Discussion on:10/02/2015 by: james.crace Posted to: Community Feedback on:05/14/2014 by: philip.s voting on an existing onel

Download & Installation

Idea Statuses
Windows 10 Support
New Idea (229)
Autodesk Online Store Help
More Solutions
Software Downloads
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Resources — Build Your Simulation 1Q Webinars

I\ AUTODESK. Knowledge Network

e oo | comn WA Register for live webinars, or YOII““
What is an Autodesk® Help Webinar? Like (8) B Share <5 WatCh them On_demand On YOUT.U be.

: Upload ®
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| English w i
AUTODESK"HELP WEBINARS
-
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This is machine translation. -
The Autodesk Help Webinar series is designed to showcase time-saving tips and tricks that can be used to immediately increass e — . F ' o X ' .
your productivity. This live set of interactive training sessions hosted by our very own Autodesk Technical Support Specialists : % > e .
offers a unigue look into some of the most impactful in-product features and functionality that you may not already be familiar / 4 b o .
‘1‘..’« S . \ ! Learn more about Simulation @ f
The webinar format is a 20 - 40 min period of in-depth topic discussion. The remainder of the hour is an open question & L\ . = k
answer session covering any topic of interest by the audience. The webinar is considered a series and after signing up you will 5 "
be notified of future events. AutOdESk Slmulatlon v Subscribed
Home Videos Playlists Channels About Featured Q
Nastran In-CAD leverages the advanced Autodesk Nastran y =
N BUILD YOUR NASTRAN IN-CAD 1Q solvers within both Autodesk Inventor and Dassault
Solidworks to allow designers and engineers to embrace i _
analysis-driven design. Sessions will be hosted by Autodesk S SRR T E . . . .
s finite-element analysis experts and cover everything from T Bu"d YOUI' SlmUIatlon IQ =
the theory behind FEA to advice on troubleshooting | It I b R id " datad
- common issues and errors. m ‘ I - y Autodesk Simulation + 49 videos + 5,033 views « Last updated on Sep 23, 2015
| _ : ’
A webinar series brought to you by Autodesk Subscription Services. Most of these technical webinars are
Join the Autodesk Support Team as we help you explore | presented by the Autodesk Technical Support team, but also includes invited guests from product
K ‘ BUILD YOUR ROBOT SIMULATION 1Q how to leverage Robot to its fullest potential, covering: — development, product design, and technical sales.
best modeling techniques as well as tips and tricks. We will FESRE— : —
help you to improve your workl_‘low and reduce the time » Playall < Share 4 Save
b you need to complete your projects.
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f'- BUILD YOUR SIMULATION MOLDFLOW 1Q skiiis? Join the Autodesk Support team for monthly
webinars to learn different technigues for various road
blacks you may encounter with your simulations. We will 2 IF 5 Q =\ Pre-Simulation Geometry Prep using Autodesk SimStudio Tools with Moldflow Insight 45:04
cover best practices, tips and tricks as well have Q&A Peg ’ by Autodesk Simulation
throughout the session!
. = Helius PFA-Advanced Material Exchange Workflow 36:14
The CFD industry is a complex and growing field for | « by Autodesk Simulation
rf' BUILD YOUR SIMULATION CFD1Q engineers around the world. Join the Autodesk Technical
Support team as we help you explore how to leverage
Simulation CFD to its fullest potential, covering: best Recurdyn Interoperability with Simulation Mechanical 2016 48:04
practices, validation models, new product enhancements, 4 _ . 2
and much more. Come and add your own personal insight el DY Autodesk Simulation
and experiences during our open Q&A! m
g n Utilising the Decision Center in Autodesk CFD 2016 30:07
Simulation Mechanical is Autodesk’s finite-element analysis — g 2 .
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¥ % Ll IQ in this reoccurring webinar series hosted by Autodesk
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Class summary

We will examine new workflows available to capitalize on your CAD data using SimStudio
Tools for CAD cleanup or surface wrapping to nearly eliminate any CAD preparation. We will
then do a deep dive into the new turbulence models available and the best practices and
which ones to use for aerodynamics simulations. We will touch on mesh adaption best
practices for aerodynamics to reduce the typical meshing guesswork and increase solving
efficiency for complex aerodynamics models. The discussion will conclude with methods to

accurately capture the wall force results to measure lift and drag on bodies using efficient
techniques.
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Key learning objectives

At the end of this class, you will be able to:

= Capitalize on or
to reach the desired simulation aerodynamics goals
= Define which should be used for
aerodynamics analysis
= Be more comfortable with implementing to eliminate the
guess work from meshing complex aerodynamics models
= Extract accurate results efficiently

from different areas of a complex model.
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What are some general goals with aerodynamics
Simulation?

= Series/Array of objects and their
effects on each other

= Side Forces = Building Layouts within a city or
= Moments campus
=  Pressure Distribution = Flow control: Breaks, radiator,
= Pressure/Force mapping for SEensors
FEA
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My motivation

v Autodesk Simulation CFD NACA0012 Benchmark Test “ Options ¥

1240 Views, 23 Replies
GO{:gle naca 0012 benchmark 4 E Royce 08-22-2014 03:43 AM

Ve have been conducting our own stiempt to validate Simulstion CFD 2015 by modelling the well ressarched and
documented NACADD12 serofoil section in 2D. We hsve been very dissppointed with our results and would be

3

Web Images Maps Shopping Videos More » Search tools X interested if anybody else has sttempted a similar test. Following the advice in the Autodesk hela files, we have the
following settings:
+ Section: nacal012 (Have tried bath sharp point snd blunted TE prafiles)
About 19,100 results (0.26 seconds) » AOA: 10 deg (Have also looked st 8deg but has similar problems)
. Reyn';:rlds Ninber: 1?{6 (Mal:ltch tcv‘a de;ta
. . . ) s Mach Mumber - 0,153 (Match to data
2D NACA 0012 Airfoil Validation . FarﬁﬁJd : 30chards (have tried ranges 10c to IEE-JHI]Q ahnlydahout 194 different) vt 1 chord in farfeld
« MNesh : Four concentric zones, m size =1/30 chord near section, increasing upto about 1 chord in farfield.
turbmodels.larc.nasa.gov/nacaoo1 2,—VEI_I'mm| Y, ) Mesh growth rate reduced to 1.01 to smooth transitions. Typically produces megsh F\i:wtith more than 100000 fluid
Jul 27, 2015 - 2DN00: 2D NACA 0012 Airfoil Validation Case. The purpose here is to nodes”
provide a validation case for turbulence models. Unlike verification . . Eh MESh E”hﬁncemhelmé‘_i’” {BL Lﬂ}'e_lf:l : 30:'- e ot ctable)
You've visited this page 2 times. Last visit: 9/30/14 : Tufémih‘:;mme;ﬂ SET K'_n;fnr:gpgew  \eompressiGie Is olfen unstabie
» Free stresmfa'tulrl]:ulence intensity : 0.01 (reduced from default of 0.05 as this is external flow, all other turbulence
settings default).
[FDF] experimentm flutter boundaries with uns‘[ea_dy pressure ... . Ad\recgtion Scheme : ADV2 (ADVS is not significantly better and mare often unstable).
nirs.nasa.gov/archive/nasa/casi.nirs.nasa.gov/19910018823.pdf v MNASA = Convergence Tolerances : Tight
by MG Farmer - 1991 - Related articles Over & range of settings we have never achieved an error in lift force lower than 13%, and computed drag is typically
achieved in testing the first model in the Benchmark. Models Program. Experimental gﬁglg:;fl%?nﬂf:tl:zﬁd dats for these conditions. | have seen considerably better results published en-line from Fluent
flutter boundaries are presented for a rigid semi-span model (NACA 0012. Is this really the best we can expect for this software, ar am | doing something wrong ?
| have sent this also to Autodesk Support, with relevant files included.
NACA 0012 benchmark model experimental flutter results ...
www. researchgate. net/_ f23881779_NACA_0012_benchm... » ResearchGate - Solved! by Royce_adsk.
by A Jose - 1992 - Cited by 68 - Related articles
NACA 0012 benchmark meodel experimental flutter results with unsteady pressure Hi Wolfgang,
distributions on ResearchGate, the professional network for scientists. Here s a summary of the results using below recommended settings for this analysis in Simulation CFD 2015:
. Lift Error: < 3%
. Drag Error: < 4%
Test Cases for Flutter of the Benchmark Models Rectangular ... . Your “F9%” (resultant force) error: < 296
www_dtic.mil’cgi-bin/GetTRDoc ?AD=ADP010713
by RM Bennett - 2000 - Related articles
As a portion of the Benchmark Models Program at NASA Langley (Ref 1), ... The
NACA 0012 airfoil has a forward loading and for transenic flows, a shock forms.
Re: Autodesk Simulation CFD NACAQ0012 Benchmark Test - ...
forums.autodesk.com » CFD » General Discussion «
Aug 22, 2014 - We have been conducting our own attempt to validate Simulation CFD
2015 by moedelling the well researched and documented NACAD012
More results from forums.autodesk com T
+ g
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italize on SimStudio Tools
urface Wrapping
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What 1s SimStudio Tools?

= Bullt off Fusion360 | . e S

Autodesk SimStudio Tools 2016

aaaaaa

aaiaiEg | |
o B 25

= CAD tool geared for R
Simulation Community

= Fastest way to prepare
your geometry to be
simulation ready.
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Allas Dirty CAD
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Alias ‘Clean’ CAD
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SimStudio Tools — Find and Fix
8 Potential Issues Remain

<4« REPAIR BROWSER e

a ) () Technicon Pre Clean Post Alias Cleanup (9

[ units: mm |© FINDAND FIX
> T s .
4 [l Potentialissues (8) Tolerance  0.62 mm v
a ) /\ Bodyl 2
a B} intersection (8) Find & Fix [
/Y1y Improper Edge-Edge intersection T ey
. . 40 potential issues found
1 oper intersection between Faces
— 32 potential issues fixed
/1y Improper intersection between Faces 8 potential issues remain
/Y, Improper intersection between Faces
/1, Improper intersection between Faces
/1. Improper intersection between Faces © oK Cancel
/1. Improper intersection between Faces
/1. Improper intersection between Faces
b ¢ EJ Soids
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SimStudio Tools — Find and Fix
Locates Issues with suggested solutions!

- : - ‘ —~
_f <44 REPAIR BROWSER el € Bodyl Improper intersection between Faces ) \‘\
; o , N

4 Q D TechmoonPreClemPostAliasClemup ®

Qumm /
bQE]Ongm /)

a 1&....999?.% ®),

/ A improper intersection between Faces
& tmroper intersection between Faces

, /f f @; knproper intersection between Faces

IV L) lnproper intersection between Faces
1/ A\_; Improper intersection between Faces
7 & Improper intersection between Faces

¢
Improper Face-Face Intersection

Two faces intersect where there is no edge or vertices to
define intersection.

Possible repair methods:

Auto Fix command:
— D@

Unstitch the face(s), then Trim the T
face(s), then Stitch again: gi-%i— a8 |

Create a solid Primitive to consume the face
then delete primitive: +@

s

PrEvQ B8
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SimStudio Workflow model simplification

1. Remove Seams

2. Fill Seams

Examine Work

Patch
L oft

Stitch/Unstitch

Merge

Extend Face/Trim

U @M

1
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http://autode.sk/1ji9dBP
http://autode.sk/1VfuaJg
http://autode.sk/1PC99Ho

Car Prepared for Wind Tunnel and Simulation Ready!
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What I1s Surface Wrapping for Autodesk CFD?

= Geometry Surface e —
Wrapping technology o odn| @ |H |

= External Flow/Wind
Tunnel

= Can simulate difficult to
nearly impossible
geometry without
extensive CAD cleanup
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Basic Steps for Surface Wrapping

Open geometry

Define Wind Tunnel Geometry

Build Surface Wrap

Optional: Define Refinement Regions

Generate Volume Mesh

Export NAS file

CFD: Create new design study and CAD Mesh File

NoOAsWhE
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Dirty CAD Ready for Surface Wrapping

-

+ Surface Wrap for Autodesk CFD

PSS ——)

Edit Window About
Home | Properties | View | About |

g |ses | m | =

=3

Open Save As Bounds Orient Measure Surface Mesh Refinement Volume Mesh
| Fle | Setp | Suface | Refinement |  Volume |
= Technicon Pre Clean.sat
B
Nodes: 61459

Polygons: 88386
Orientation: -0.00, -0.00, -0.00 (deg)
=[] Bounding Volume
Min: -625.6, -638.1, 3.197 (mm)
Max: 2362, 625.1, 842.5 (mm)
Width: 2987 (mm)
Height: 1263 (mm)
Depth: 839.3 (mm)

< L

v
WOLLOR,

é\ AUTODESK.

Technicon Pre Clean.sat X
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Surface Wrapping Demo

!}’( AUTODESK UNIVERSITY 2015

B Open

I%J Save As

‘ = Export
pdemy,

Autodesk
Vault

Surtace Wra[k

Print

&) Recent Documents

By Ordered List |

Surface Wrap Car Body.cdst
Solar Panels BLEND.cfdst
Technicon Car_support.cfdst

2D Fluid Flow Over Cylinder.cfdst

2D Fluid Flow Over Cylinder
Results,cfdst

Options

Exit CFD |

Licensing About

Product Information |8
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Surface Wrapped Car — Side View Results
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Which method should be used?

= Time Avallable = Need Results ASAP!

= |everage all CFD Meshing = Rough Measurements/Trending
Tools/Adaptation = (Geometry too complex

= Highly Accurate Model Required = Only Visualization required

= [Forces measured at different zones = System Level Forces
In model

=  Complex Wind Tunnel Setups
= More precise geometry position
control
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anced Turbulence model
erodynamics
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Agenda

= What s Turbulence?
= How Is Turbulence modeled in CFD Software?
= General Timeline of Turbulence Models Academic Development

= QOverview of Select Turbulence Models
= K-omega SST
= K-omega SST RC (Hellsten)
= K-omega SST RC (Smirnov-Menter)

= K-omega SST SAS
= K-omega SST DES

= Best Practices
=  Examples
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What i1s Turbulence?

. Violent or unsteady movement of a fluid.

> Turbulent
region

} Buffer layer

} Viscous
sublayer

& Laminar —— < Transition —>< Turbulent
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How is Turbulence modeled in CFD Software?

= Flow Averaging (Reynolds Averaged Navier-Stokes )

= Subgrid-Scale Models (Large Eddy Simulation )

= Hybrid of Flow Averaging and Subgrid-Sale Models (Detached Eddy
Simulation )

= Direct Numerical Simulations ( ) — No turbulence model used

LAMINAR

= Wall Functions

f

Dye Trace
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Selected Turbulence Model Research Timeline

MENTER SST K-
OMEGA

MENTER K-W SST

SAS
R SST K-OMEGA RC
MIXING LENGTH b'bTHfFL';:EE’:‘_IRC (SMIRNOV-
(HELLSTEN) MENTER)
MENTER K-W SS
- I‘.IENT_EEF; T
FDDY VISCOSITY — I
BASIC CONCEPT LOW RE K-E
. ° ° ° ° . ° ° ° ° ® o
01/01/1887 111925 1111974 1111974 1/1/1988 1/1/1992 01/01/1994 11171995 1/1/1998 1/1/2002 171172004 1/1/2009
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SST k-omega

Two-equation, linear eddy viscosity RANS

= SST (shear stress transport) k-omega is a Pros:

hybrid turbulence model combining the = Robust across a wide range of flows

best of k-epsilon and k-omega. .
= Near-wall regions are resolved with k- )

Accurate for predicting flow separation

Ideal for adverse pressure gradients (occurs with flow
separation)

omega, allowing for simulation downto . accyrate for high Prandtl number (liquids)

the viscous sub-layer. wall heat flux prediction

= The model transitions into k-epsilon as the
distance from a wall increases.
= Wall Considerations cons:

= y+can be up to 100 = Can require a very fine boundary layer

= |deal y+ value of less than 2 with a goal of 0.3
= Very Robust 10-100

= Blending of direct calculation when refined mesh is
present and wall functions for higher y+ value

'2/"\ AUTODESK UNIVERSITY 2015

mesh 10-15 mesh enhancement layers
= Lacks abllity to capture high curvature

{\ AUTODESK.



SST k-omega RC (Hellsten)

Two-equation, linear eddy viscosity RANS

= SST (shear stress transport) k-omega is a Pros:
hybrid turbulence model combining the = Robust across a wide range of flows

best of k-epsilon and k-omega_ = Accurate for predicting flow separation
= Near-wall regions are resolved with k- = |deal for adverse pressure gradients (occurs with flow
separation)

omega, allowing for simulation down to .
the viscous sub-layer.

= The model transitions into k-epsilon as the ,
distance from a wall increases.

= Wall Considerations .

y+ can be up to 100
Ideal y+ value of less than 2 with a goal of 0.3

Accurate for high Prandtl number (liquids)
wall heat flux prediction

Slight mathematically change to Standard
SST k-omega

Theoretically, correction shouldn’t impact

when not needed

Very Robust 10-100 = (Good pressure accuracy for cyclones
Blending of direct calculation when refined mesh is cons:
present and wall functions for higher y+ value = Can require a very fine boundary |ayer

mesh 10-15 mesh enhancement layers
= Moderate flow profile accuracy for
cyclones

'//Y\ AUTODESK UNIVERSITY 2015 "\ AUTODESK.



Why use the Hellsten model?
Coanda Effect: Tendency for fluid jet to be attracted to a nearby surface

NASA Langley Study of SST Models Autodesk CFD Results w/Hellsten

0.15
0.1

0.05

zle

-0.05

01

-0.15
08 085 09 095
x/c

(b) SST

015

0.1

0.05

zlc

-0.05

0.1

-0.15

08 085 09 095
x/'c

(c) SSTRC

’(/\ AUTODESK UNIVERSITY 2015 Numerical Study Comparing RANS and LES Approaches on a Circulation Control Airfoil Rumsey (NASA Langley) A AUTODESK.




SST k-omega RC (Smirnov-Menter)

Two-equation, linear eddy viscosity RANS

SST (shear stress transport) k-omegaisa Pros:

hybrid turbulence model combining the best =
of k-epsilon and k-omega.

Near-wall regions are resolved with k-
omega, allowing for simulation down to the ,
viscous sub-layer.

The model transitions into k-epsilon as the
distance from a wall increases. .

Wall Considerations

y+ can be up to 100
Ideal y+ value of less than 2 with a goal of 0.3
Very Robust 10-100
Blending of direct calculation when refined mesh is -

Robust across a wide range of flows

Accurate for predicting flow separation

Ideal for adverse pressure gradients (occurs with flow
separation)

Accurate for high Prandtl number (liquids)
wall heat flux prediction

Mathematically more complex than Hellsten
Theoretically, correction shouldn’t impact
when not needed

Similar pressure drop accuracy for cyclones
as Hellsten

More accurate flow profiles for cyclones

present and wall functions for higher y+ value cons:

X AUTODESK UNIVERSITY 2015

Can require a very fine boundary layer
mesh 10-15 mesh enhancement layers
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SST k-omega Scale Adaptive Simulation (SAS)
Two-equation, linear eddy viscosity URANS

= Simulates the formation of turbulent Pros:
structures in unsteady regions =  State of the art turbulence modeling technique for
simulations
= Can be used for Steady State and = More reasonable for use with industrial models when it is
Transient simulations. Using in a transient  needed
ana|y3is IS more appropriate. = Less mesh dependent compared to DES while delivering

) _ similar accuracy
= Dynamically adjusts to resolved structures

which results in a LES-like behavior In
unsteady flow regions cons:

=  Can be more computationally intense than previous
mentioned models

= Requires fine boundary layer mesh for maximum accuracy
= Transient is best use case which requires longer runtimes
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SST k-omega Detached Eddy Simulations (DES)
Two-equation, linear eddy viscosity URANS

= Simulates the formation of turbulent Pros:
structures in unsteady regions =  Max possible accuracy for separated, high Re external
: : aerodynamics
=  Hybrid between URANS (transient) SST K- . \iore afficient than full LES
omega and LES (Large Eddy Simulation)
= Unsteady RANS employed in near-wall
= LES employed in the turbulent core region
where large turbulent scales play a cons:

dominant role = More computationally intensive than SST and SST w/ SAS
= Works best with smooth (more uniform) mesh distributions

= Highly sensitive to mesh sizing

= Very academic in use
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3 Levels of External Aero

Attached Flow

Complex Turbulence

Strouhal Number

Structures
SST k-omega RC (Hellsten) | | SST k-omega SAS SST k-omega SAS/DES
= Mesh = Mesh = Mesh

= 10-15-30 Layers
= Factor: 1.0
= Enhancement Blending

= Optional Flag
mesh_enhance_thick: 100-600
mesh_boundarylayer_blend

= Solver

= Convergence — Custom
w/2 Orders added

= Same as Attached Flow
= Suggested Flag:

mesh_boundarylayer_blend

= Solver

= Required Flag:
sst_new_iwf 1
= Steady State

Convergence — Custom
w/2 Orders added

= Transient with testing
smaller time steps

= Same as Complex
Turbulence Structures

= Uniform mesh in wake
zone to capture eddies

= Solver
= Required Flag:
sst_new_iwf 1

= Transient - Start with
100 timesteps per cycle

4 AUTODESK UNIVERSITY 2015
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What I1s 2 Orders of Magnitude for Convergence?

.
. Sclution CﬂntrDIV

Inteligent solution comtrol

[ Advanced... |

7 i

Instantaneous convergence curve slope

Time-Average convergence curve slope:

Time-Average Convergence Curve Conca

Field fluctuation:

. Advanced Solution Control [ L= J
Mal
Automatic convergence assessment

Settings
Yel
- Edit individually
Pres

Loose Default

: 0.0001

0.01

wity: 0.01

le-05

Conductivity: 0,50

Reset

-
. Solution CﬂntmIV

Inteligent solution control

] i pr——

. Advanced Solution Control [ (= J
Mal
Automatic convergence assessment

Settings
L=
Nl Edit individually
Prg

Loose Default Tight
Te

Instantaneous convergence curve slope:
Time-Average convergence curve slope:
Time-Average convergence curve concavity:

Field fluctuation:

@

— —

Conductivity: 0. 50

m AUTODESK UNIVERSITY 2015

Reset
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Accuracy vs. Precision for Product Design

M AUTODESK UNIVERSITY 2015

Low accuracy
Low precision

High accuracy
Low precision

Low accuracy
High precision

High accuracy
High precision
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Attached Flow
Example



NACA 0012 CFD Setup Strategy

Re: 1.76E6
26.56 m/s
0.08 mach

1 meter

SE— -4.0,4,8,10, ... 20°
AIR@ STP

[3/’ AUTODESK UNIVERSITY 2015 A AUTODESK.



What Is the NACA 0012 CFD setup strategy?

= Advanced Turbulence = Meshing
= Attached Flow Configuration L] 30 to 60 Enhancement Layers
SST k-omega RC (Hellsten) _
= mesh_enhance_thick (%): 400
= Layer Factor: 0.8
= Updated Wall Calculator = Airfoil Surface mesh: 2.5 mm
= resid bdry force calc 1 = Airfoil Tall mesh: 0.5 mm
= First Region: 5 mm

m AUTODESK UNIVERSITY 2015 “\ AUTODESK.
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2 Results
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Customer Case: NACA 4415

NACA 4415 - CFD vs. Experimental Data - Cl
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h Adaptation
t Practice for Aerodynamics
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Agenda

= Adaptation Workflow
= Aerodynamic Specific Adaptation Configuration
= Pitfalls

= Solar Panel Example
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Mesh Adaptation Workflow

v' These are relative rather than absolute
indicators.

v Require that solutions be fully converged

Generates mesh independence indicators: T
_l'l‘lVIii

Adaptation via regeneration:
v' Less efficient ———
v More robust €ngih Scale

: daptati
v' If a mesh can be generated, it can be e L
adapted

Interpolation

w AUTODESK UNIVERSITY 2015 A AUTODESK.



User-Defined Mesh

= Manual Mesh
= Suppress Solids

= Large size on external domain
for a fast first cycle

= Tighter surface mesh
compensate for air domain size

= Manual Mesh 4:1 rule?

m AUTODESK UNIVERSITY 2015 A AUTODESK.



Mesh Adaptation Setting Panel

m AUTODESK UNIVERSITY 2015

o I &

Contral | Physics | Adaptation
Enable Adaptation
Cycles to Run 3 =
Save Cycles
Allow Coarsening x;
4 Additional Adaptation >
Flow Angularity
Free Shear Layers
External Flow
[
Transient Features ]
¥+ Adaptation [
4 Advanced b
Growth Rate 1.3 ﬁ
Boundary Layer Growth 1.05
Refinerment Limit 0.001
Resolution Factor 0.75
Reset
L2 | Solve

{\ AUTODESK.
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Leverage 2"9 Order Manual Automatic Convergence Assessment

The Importance of Solution Convergence
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50 solver iterations 250 solver iterations

25 solver iterations

Initial solution
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low around 2x2 Solar Panel Arra

36.8 MPH

Lift: 0.9 Ibs Drag: 0.3 lbs

AUTODESK UNIVERSITY 2015 A AUTODESK.



Solar Panel Array

Size: 10" x 10"

Panels: 20° Surface: 5 mm
Air Volume: 30 mm
Attached Flow Strategy w/3 Layers
No Y+ Adaptation
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Top View of Mesh Adaptation (1 & 2)
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Top View of Mesh Adaptation (3 & 4)
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Flow Around Leading Leg
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Attached Flow: 20 mph Iso-Surface
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Complex Turbulence Structures

= Continued Final Mesh
Adaptation for Transient

= Transient: 1le-5s

= Intelligent Solution Control
Enabled

X AUTODESK UNIVERSITY 2015

SST k-omega RC (Hellsten)

= Mesh

= 10-15-30 Layers
= Factor: 1.0

= Enhancement
Blending
= Optional Flag

mesh_enhance_thick: 100-600
mesh_boundarylayer_blend

= Solver

= Convergence — Custom
w/2 Orders added

SST k-omega SAS
= Mesh

= Same as Attached Flow
= Suggested Flag:

mesh_boundarylayer_blend

= Solver

= Required Flag:
sst_new_iwf 1

= Steady State
Convergence — Custom
w/2 Orders added

= Transient with testing
smaller time steps

{\ AUTODESK.




Complex Turbulence Structures
20 mph Iso-Surface
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Final OQutcome

Lift los m Drag Ibs

0.45
0.98

0.4

Lift s Drag ns Iterations Error Lift Error Drag 0.96

Mesh 11098 024 2431 9%l -20%

0.3
Mesh3 0948 0354 4105 5%  18%
Mesh4 0957 0358 2525 6%  19%
Mesh 4 SAS =
Transient 2
0 0.15
ol
0.88
0.05
0.86 0

Mesh 1 Mesh 2 Mesh 3 Mesh 4 Mesh 4 SAS Transient
Adaptation Cycle

0.35

Lift (Ibs)
Darg (Ibs)

N
=

O

o

AUTODESK UNIVERSITY 2015 A AUTODESK.



AU

Extract accurate steady state or
transient wall force results

TODESK UNIVERSITY 2015
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Agenda

= Review Best Practices
= Newer Wall Calculator algorithm

= Wall History Application

= Flow over a Cylinder to capture Strouhal Number
= Get the Installer & Code

m AUTODESK UNIVERSITY 2015 “\ AUTODESK.



Best Practices for Accuracy

1. Leverage SimStudio to clean the geometry

2. Select the correct meshing/turbulence scheme

g Attached Flow
»  Complex Turbulence Structures
o Strouhal Number / Model Wake Structures

3. Leverage Mesh Adaptation if Needed

'//Y\ AUTODESK UNIVERSITY 2015 "\ AUTODESK.



Newer Wall Calculator algorithm

resid bdry force calc A

A =1 (On): Causes the fluid forces at the walls to be computed in a consistent manner and includes the shear forces during run-time and results visualization.
: A = 0 (Off): Disables the flag. (Default)

Description

= The resid bdry force_ calc flag computes the wall forces and properly distributes it from the nodes to
the logical CAD surfaces to report in the wall calculator. Another benefit is that the same calculation

results are available during run-time. Without it, the run time wall calculator force results only involve the
pressure and not shear.

. Flag Manager - [EJ [i_E-J
Flag Settings
4 B3 test Flag name Category Value  Arguments Description
4 @ Designl 1 resid_bdry_forc.. solver 1 1=0n:0=0ff 1=Usethe momentum residual method to calculate surface forces

4 | e, Scenario 1
= resid_bdry_force_cale: 1
4 || Defaultflag settings
* resid_bdry_force_calc: 1

m AUTODESK UNIVERSITY 2015 :\ AUTODESK.



Wall Force History Tool

Wall Results

Wall Results

Selection and Result | Output |

Model entity selection
@ [ surface

Volume

W

v W %, O

Group operation:

;‘ﬂ Edge
7

Force Mewton =

[7] cutoff pressure

IUse near-wall temperatures

|:| Torgue M-m *
Torque axis

oint on axis

0.4445, 0,0

[] Pressure

|:| Temperature Celsius *

[] Heat flux W=

[] Film coefficent Wim2 K *

Ref, temperature: 300 | | Celsius *

Selection and Result | Output

BOUMDARY ID, 1
Area, 0.119681, m*2

sum FX, 1448.75, Mewton

sum FY, 1516.52, Mewton

sum FZ, 0, Newton

Center of Force about X-Axis (V-7), 0,0, m

Center of Force about Y-Axis (X-7), 0,0, m

Center of Force about Z-Axis (X-Y), 000821884, 0.0

Summary

Total area, 0.119681, m~2

TOTAL FX, 1448.75, Mewton

TOTAL FY, 1516.52, Mewton

TOTAL FZ, 0, Newton

Center of Force about X-Axis (¥-Z), 0,0, m

Center of Farce about Y-Axis (X-Z), 0,0, m

Center of Force about Z-fas (K-Y), 0.00821884, 0.0

4 L 3

Write to file
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£l
47
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43
&0
Ll
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52
5
55
56
R7

A

B

Ieratic Time

Tand
1385

secon
0.337
a
2E-04
4E-0d
BE-04
BE-04
0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002
0.003
0.003
0.003
0.003
0.003
0.004
0.004
0.004
0.004
0.004
0.00%
0.005
0.005
0.005
0.00%
0.005
0.006
0.006
0.006
0.005
0.007
0.007
0.007
0.007
0.007
0.008
0.008
0.008
0.008
0.008
0.005
0.003
0.009
0.009
0.009
o0.01
0.0
0.01
0.01
o0.01
nm

Forces extracted to excel

for every iteration

Coefficient of Drag/Lift

Frequency Response (FFT
Driven off Surface Groups

C ] E F G H 1 J K
Force in) Force in' Force it Coef of Drag Freq FFTX FFTY
» ¥ ML MAE
1382.891  -4.3104 0 1030342 Steady State Value 0 1308.861 -2561705
0 0 0 244W06  GELE4E  13.68431
5626973 134.8397 0 4195982 4.862613 4.560575  4.395798
16420.62 -148.885 0 137312 7.324213  3.3V317 4039137
§570.34 -33003 0 4.33343 37ESE2S SE6T0S4 397229
2703.643 -28.1508 0 201537 12.20703 6626790 2628696
WOT. 14 8.908432 0 1043833 64344 6363124 1910103
9664769 23.75455 0 0.720437 17.058354 B.0B0Z3S 2733276
3216444 27.39712 0 0612475 1353125 5433325  4.615351
782.4481 2890827 0 0.583257 2197266 4.869529  B.351515
7523758 28.60474 0 0.583203 24,4906 4340573 7436172
736.3814 2377734 0 0534031 2685547 3757813 7.762363
817.343¢ 23.26063 0 0.603273 2323685 3183613 7.531245
8410073 30.27359 0 0.626309 F1736826 2536154 B.662TTZ
G6E.4714  F1EE2ZH 0 0.84583 3417363 1324181 7430265
8332347 3313311 0 0.665335 3662103 1524635 15.30433
9212283 34.62848 0 0.686707 39.0625 1404809 27.74206
950.2243  36.10523 0 0.708322 4150391 0.253137  T4.3002
9503563 37.56591 0 0.730734 43 84531.| 4037515 357.06844
011223 33.01766 0 0.75373 4638672 3729813 3211383
042.781 40.47285 0 07778 48.62813 1130474 5960292
1074826 4184563 0 0.801204 5126353 0475266 16.27633
1107.246 4320343 0 0.82537 53.71034 053636 5703352
1133.855  44.70251 0 0.843673 5615234 048615 4.425536
72537 4616463 0 0.874033 5659375 0.356533  3.484663
1205.123 47.68573 0 083833 6103516 0.3077  3.015105
1237.393 43.06107 0 0.322333 6347656 030627 2877024
1263.153 50.30533 0 0.34606 6531737 034083 2763358
1300.226 5148748 0 0.989222 68.35938 0.368295 2540643
1330473 S2.64633 0 0.931783 TO.8007TS 0330373 2 172dad
1353.70¢ 53.35235 0 1013553 7324213 0.346M4  1TIBSET
1387.721 55.37198 0 1034443 7566359 0.331071 1482336
M14.315 S6.85707 0 1054267 18125 0322556 124837
1433465 583363 0 1073018 50.56641 1048521 103313
1463.057 53.80607 0 1030601 8300781 2033475 0.852502
1465 §1.30208 0 17105958 85.44922 4161206 0.850704
1805168 B2.80753 0 112133 ST.83063 25.27305  0.77125
1523472 B4.25751 0 1135638 033203 3342671 0.605453
1533.303 65.72312 0 1147334 3277344 128745 0.300004
1554.407 B7.34389 0 1758695 95.2WB4 2957305  0.368264
1566.656 B8.86333 0 1167333 ITESEZS D726z 0.332848
1577.345 70.30375 0 117573 00.0377 046847 0.242295
1585.815  TLTTEO4 0 1132108 02,5391 0.517387 0136028
1592.216  T3.2M63 0 118688 04.9805 045772 0159235
1836.531 7441103 0 113014 1074213 045523 0122835
1533.026  75.31043 0 1131356 1038633 0.330242  0.031132
1599.545  75.96961 0 17132342 123047 0.365691 0.067355
1536.179  TE.B107S 0 1191324 T14.7461 0.336629  0.055419
1595226 TT.IG3Z8 0 115323 MTAETS 0239243 0.04542
1530.827 T7.B5T13 0 1135344 1136283 0.262361 0.085422
1585.017  77.9057 0 11813 1220703 0.226864  0.08615
1577918 7T.OMTI 0 11rezz 124.5117 0208676 0171535
1563733 77.70443 0 1170113 1263531 017971 0.283073
1560511 77.40711 0 1163245 12335 0.057635 0.936328
550 3. FF OR2T? n 1155FRRA 1318359 N 3dTARR 3 RE7TI45S
Scenario Information WFH 1

L
FFTZ
M

SoooCooCOoOoOOCOOCOOCCOOO0OOOO00OCODOCO0O0OO0C0O0000000000000000000

L

]
= Automatlcally generated
.
° Steady State and Transient
 Extracts necessa ry
] 1} F =} Fi 5 T u W 8 W z AR AE oo a0 AE AF AG AH Al el s
X Forces vs. lterations X Forces vs. Time XFFT
150 1500 1,
130 pil] 1290
um unm 1000 ..
200 00 800
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-200
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0 NN [ . T .I I T I. I 100
B I' Lf I" TrrTTT .I LI I‘ 500 " . T |I LI I| |I LB I. =
s o - 5 s m  w m
Iteration Time {second] Freq [Hz)
Z Forces vs. Iterations Z Forces vs. Time ZFFT
1 1 1
as asg o9
as as o8
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o4 = oa goa
a3 a3 o3
oz o2 02
a1 a1 o1
o o o
o 500 100 1500 00 =m o o1 oz o3 os o5 o 2 @ 60 a0 1100
Heration Time second) Freq (Hz)

Coefficient of Drag vs. Iterations

Coefficient of Drag vs. Time
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Strouhal Number
Example



Flow over a Cylinder

301t/s

e
e

!}/’( AUTODESK UNIVERSITY 2015

Surface = 0.004 m

SST k-omega SAS

= Mesh
= 30 Layers
= Factor: 1.0

= Y+rmax=0.2

= Solver
= sst new_iwf 1

= Transient - Start with
100 timesteps per cycle
= 0.0002s

= |SC = Off

{\ AUTODESK.



Flow over a Cylinder — Expected Results

*SI‘. "
0.4 ~
St=0.19 03]
Frequency = 45.94 Hz N et
AR T IR TIT A I AT LTI B U I “““Iii
40 102 107 10* 10° 10° 107

Laminar Transition
vortex to turbulence

Drag — 1 61 9.55 N ]‘ =1IE|‘ Subcritical ;JTlf;:fﬁr;ﬂ T Transcritical

street in the wake Critical, Upper
or lower Transition
transition

Figure 1.9 Strouhal number {or a smooth circular eylinder. Experimental
data from: Solid curve: Williamson {1983). Dashed curve:
Roshko (1961). Dots: Schewe (1983).

Demo of Extracting Results
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http://autode.sk/1MDZvAz

Flow over a Cylinder — Results Summary

Strouhal Number Setup

St=0.18
Frequency = 43.03 Hz (6%)

Drag = 1433 N (12%)

m AUTODESK UNIVERSITY 2015

Y FFT

350

300

250

Series 1 Point "43.02078516"

ma 200
M

L (43.02973516, 300.1249592)

150

& 100

20

40 B0 a0

100

Freq [Hz)
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Flow over a Cylinder — Results Summary

Attached Flow Setup

St =0.22
Frequency =52.2 Hz (14%)

Drag = 1502 N (7%)

m AUTODESK UNIVERSITY 2015

Power NMag

- B 28888288

8

Y FFT

Series 1 Point "52.18505359"
(52.18505859, 636.5149922)

Freg (

Hz)
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Flow over a Cylinder — Re Sweep

2E4 2E3 00 200
0.23 . . 2

(drag crisis)

0.13 |: \ bl-transition

taminar
parailel shedding

0 0.02 0.04 0.06 0.08

!)/IQ AUTODESK UNIVERSITY 2015
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Where to get the Wall Force History Tool?

= Download

= Today: https://autodesk.box.com/DE10379
= Eventually: https://apps.autodesk.com/SCFD/en/Home/Index
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https://autodesk.box.com/DE10379
https://apps.autodesk.com/SCFD/en/Home/Index

us! Results Visualization
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Flow profile along wall?

* Flag: write_wall _dist 1
= Overwrites the Y+ result with a distance from the wall
= |so-Surface: 'Y+ with a small value + Vectors

# ,’ / /’/, //// // / - ///// A K
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Summary

You should now:
= Understand when to use or

= Choose one of three approaches to correctly leverage
for aerodynamics analysis

= Have a simple workflow to follow for that can then be
used for transient analysis

= Use the wall force history tool to capture
results efficiently from different areas of a complex model.
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