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Introduction: CAE Trends

Network Speed "l
il

Computer Speed
Hardware Parallel Computing

DATA &

NUMBER OF COMPLEXITY

SIMULATIONS

SIMULATION COSTS

1960 2020

Traditional Growth — Linear

. . . . l-Component | Subsystem | System
Robust Design & Parametric Studies — Exponential

* Reduced costs & increased CFD capabilities drive the TECHNOLOGY DRIVES
increased use of CFD in industrial design processes SYSTEMS SIMULATION
« CFD use for efficiency optimization of designs & ROBUST DESIGN

= CFD based design decisions
= increased importance of thoroughly validated
CFD model capabilities & CFD Best Practice
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Introduction — CFD Solver V&V

2 Login

VI‘LI“FI“MI.I“‘ o .bo | /lj‘?ﬁ)’ r-(li‘jllgekhﬂ e to visit the ERCOFTAC QMNET-CFD wiki fc where y
* Verification & validation has Iong VAL I‘llhﬂll'lt'lll\l n‘ éi}mﬁ"“ 7 can leave comments on the ACs and UFRs . )
o, ® . SG R & b P .
tradition in CFD solver development % N TTasg> " Main Page
COMPUTATIONAL SCIENCE . .

e 2000-2004 : QNET-CFD P il
EU Network on Quality and Trust in
the Industrial Application of CFD
- ERCOFTAC CFD BPG’s

« OECD/NEA WGAMA
(Working Groups on Management

ik 3. Roacn

of Accidents) AN Y - U[ RISkl 1iAY 22-24, 2013 - LAS VEGAS, NEVADA -
—> CFD V&YV related activities ¥ .0.=  VERIFICATION AND VALIDATION SYMPOSIU%;_
since ~1998
william L. oberkampf and christopher J. Roy ASMEV&V 20-2009 1<+ European Research Community
- ISP’s (Intl. Standard Problems) g ' 1615 O om e
. . Verification and o And Combustion
-> CFD Validation Benchmarks validation in Verification and Validation

- sge - in Computational Fluid
Scientific Computing Dynamics and Heat Transfer

e ASME V&V 10-2006 - Guide for
V&YV in Computational Solid
Mechanics

e ASME V&YV 20-2009 - Standard
for V&V in CFD and Heat Transfer

e ASME V&YV conferences since 2012
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The Historical ANSYS Picture

ANSYS CFD Solver V&V had historically several issues:
b Portal

e Distributed & loosely coordinated
CFD solver V&V activities . ———=
« Many different repositories and = mel
sources for CFD solver V&V material

— 2000-2007 the technical infrastructure
has not yet allowed to centralize
repositories of large CFD data

Databases

— Islands of validation data & studies
* Global web portals & intranet sites

* Databases & local desktop repositories
— Data duplication

— “Reinventing” solution strategies / cases

e Customer support and CFD solver
development repositories
* World-wide ANSYS offices &

Channel partners
5 © 2011 ANSYS, Inc. August 9, 2013

Local desktops ki Distributed
resources



ANSYS CFD Solver V&V Initiative

The Target:

— Collect and store all investigated V&YV test case material for
ANSYS CFD solver products in a single place in a unified format

— Establish unified V&V procedures based on the ERCOFTAC CFD Best Practice
Guidelines (2000) and the ASME V&V 20 Standard (2009)

— Establish a quality assurance and test case reviewing process
— Providing ANSYS customers with high quality CFD solver validation material

— Establish permanent improvement of our CFD solver products as integral
part of software development process by investigating validation cases
alongside code implementation

— Enable for world-wide ANSYS staff:
Easy access to the V&YV test case database (doc, search, retrieval)

Knowledge sharing and leveraging
Team collaboration on ANSYS CFD solver V&V and model development

Support for sales & marketing teams
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The Solution for V&V Database — ANSYS EKM

7

DATA MANAGEMENT PROCESS MANAGEMENT

File Repository SY S E Automate Processes

Meta-Data Extraction @ @ Manage Workflows

Advanced Search N Design Systems
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Data Mining E-mail Notification

Report Generation Track Progress

Enterprise Access

Aplication Portal

Web Enabled — Job Submission
ACCESS MANAGEMENT
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The Solution for V&V Database — ANSYS EKM

DATA MANAGEMENT PROCESS MANAGEMENT

File Repository SY S E Automate Processes
Meta-Data Extraction

@ Manage Workflows

Advanced Search
© EKM provides more than a web portal or a plain flle server

< Ability to easily store & retrieve simulation data

< Automated metadata extraction on upload

© Compatible with all ANSYS products and other CAE data
o Efficient team collaboration platform

< Advanced meta-data based search, test case property,
Quality Assurance & workflow management

Enterprise Access Application Portal
Web Enabled ' Job Submission

ACCESS MANAGEMENT
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Easy Access to ANSYS EKM

Tools  Units  Help

b1
a
3

om mgog
= =

[ & TRl e -

& Launch EXM web Cliert:.,

ANSYS WB or _ installed by default with

EKM Desktop B ANSYS W
298988 o

WEB Ul
884848488

@ee;

& Doesn’t need any
installation!! e

9 © 2011 ANSYS, Inc. August 9, 2013



World-wide distributed EKM Infrastructure

EKM Service Host — Eﬁl\:f.SeILvice Host —
Pune Sheffie
I / % \ i /
: T } [EEy
.. Office LAN =
1CE
EKM Cache EKM Cache
erver Server Office LAN

EKM Service Host — \ v /
RN

Darmstadt GPFS File System
Ly
- — | T
= . — |
1 | / Relational database

= — @&~ B

EKM Cache -
Server — .

Office LAN LAN for Lebanon, NH

2
i g

File Server Cluster
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Fluid Solver V&V Database EKM Server

- -
Repasitory - ANSYS EKM - Mozilla Firefox (S
p - - - . gy — N _

E—

[ ekm-fluids.ansys.com/ekm/ui/login.faces

File Settings View Help Q Search « Advanced !

g Up ~ Address: /Repository ¥ | Go
Folders &% New [Zf Edit =] Report {7y Search 17 Upload g1 Download @ Display [} Create Shortcut [ EmailLink @ Help
[] Applications - . Meodified Date Created Lifecycle e

] @ My Home bame? Size  Type By Created By Stage Image Description
- REP“““W istrati [ 0_Administrati Fold tfrank 3/5/1211:40 . N 4 3 EKM Server administration and meeting material from information exchange with PBU CFD

+ [ 0_Administration L kel b PM L iihs solver validation task force, WSDM EKM pilot project and EKM team

+ []0_User_Documentation

1_AFD_Validation_DB 3/6/12 4:06
= [ 1_AFD_Validation | DO_User_Documentation Folder tfrank e root Mone EKL .4 PBU EKM Server User Documentation (AFD Validation 8 AFT)
= 5] 2_CFX_Fluent_Validation_DB PM Consult

# [ 01_GenerfQMNumerics

- - S— 3/4/12 9:46 [ ] . : .
+ [ 02_Material ] Ijl_AFD_VaIldatlon_DB Folder tfrank PM root Mone ANSYS Fluid Dynamics (AFD) Validation Database i
=1 =53] 03_Turbulence Ncoustics

i ~% /Y
# [[]00_Reports == Fold trank 3/5/121:26 " N ANL § S CFX 8 Fluent Validation Database (formerly known as MMT = Marketing Material & Technology
# []01_RANS 2_CF¥_Fluent_Validation_DB older ran AM th one CFX | Fluent Itative hosted until August 2010 on the ANSYS Sales Portal Media Library)
+ [[1]02_Scale_Resolving
B 3/4/1210:58
[l 92 Tezrsition [12_QA Verification_Services Folder tfrank L tfrank MNone Verification Testcases from ANSYS Inc. Quality Assurance Services for CFD products
+ []04_Buoyancy P
+ [[1]05_Heat_Transfer
o sy : 3/5/1211:44 : = : : g
+ [ 06_Mixing [[13_Validation_Experiments Folder tfrank PM tfrank MNone Repository of experimental data potentially suitable for CFD sohver validation
# [ 07_Aerodynamics
+ [ 08_Acoustics 2/4/12 11:03
% [ 09_High_Speed 4 Literature_Database Folder tfrank P.M. tfrank Mone Repository of scientific literature and conference proceedings CDROM's
+ [110_Applications
- 3/6/1212:47
= [ 04_Eulerian_ MPF Folder tfrank AM root Mone AFT - Application Feature Testing Database
# [105_Lagrangian_PTM
+ [1]06_Reactive_Flows A
+ [1]07_Radiation_and_Heat_Transfer Folder tfrank Pfl\df 7 root Mone Templates & Tools for Validation Testcase Structure
[108_HPC_Parallel
DEERES e Fold Ak [ N Scratch for collaboration in th f test ti
+ £310_Turbomachinery T older ran AM ran one cratch space for collaboration in the process of testcase preparation
# [J11_ICE
112 EMHD [J9_EKM _Server_log_files femote |05 RO o ione Mirror of the EKM B14.0 <erver log filec
[]13_Special_Physics
[]14_Sohver_Meshing ) I & d b
E115 Adjin Methods Elsample s ANSYS Fluent & ANSYS CFX test case database
[]20_Renewable_Energies [ scratch-for-general-
+ []2_QA_Verification_Services testing P
+ [ 3_Validation_Experiments e
+ []4_Literature_Database R H f H I d
. epository of experimental data
# [ 5_AFT_Appl_Feature_Testing W
+ []6_Templates
+ []7_Testcases_in_Preparation =
P [’ List Properties Dependencies Permissions User namestfrank  Workspace:AFD_Validation




V&V Database Structure

Database asset = Validation Test Case
= EKM Customized Type
= folder structure + EKM properties + lifecycle management workflow

File Settings View Help Q Search > Advanced
4= Back ~ Address: Search Results ~ | Go
Folders ¥ Clear Results  [2F Edit Query [ Save As  (, Search Reports
Appli(ahmns iy fU)i\UT’DUlenCeﬁf-\CUUST\CS[U{ibCaleiﬁeSOI\llng TeEmpdaie 10‘52 AM Fuonc 15U Iy unrestrcrea Z_VdnaduorT VVIVILES U1 Trding cage SEpdardtiorn
p MNal_med_Trailing_Edge_Separation_WMLES Folder '
+ & My Home
5 &3 Repositary [ /Repository/2_CFX Fluent Validation DB 03TC Investigation of hot jet in cross-flow by applying scale-
. 1/29/13 resolving turbulence models (SAS, DDES, ELES) and by
= ﬂ 0_Administration J03tiurbalence Acoustics/02:Scilel Resolving femplte 10:52 AM Releated 50 SliRestiicted SRl investigating hexahedral, hybrid tetrahedral and hybrid
+ ﬂ 0_User_Documentation AValextmztiotdletiin-Grossfiow Foklen cartesian meshes
& El 1_AFD_Validation_DB m [Repaository/2_CFX_Fluent_Validation_DB 03 TC
1/29/13 _ _ Wall Modeled LES (WMLES) of periodic channel for
= @2_CFX_FIuem_Vahdahun_DB /03_Turbulence_Acoustics/02_Scale_Resolving Template 10:52 AM Public 13.0 1) Unrestricted 2_Validation I —
% [ 01_General_Mumerics Ner_med_Periodic_Channel_WMLES Folder ' y
¥ [[J 02_Material_Properties [ /Repository/2_CFX_Fluent Validation DB 03 TC 2/19/13 Turbulent mixing and buoyancy in a stable stratification
Template Public 12,0 1) Unrestricted 2_Validation layer of fresh water and salt water (experiment by
= {53 03_Turbulence_Acoustics f03_Turbulence_Acoustics/04_Buoyancy/Saline_Mixing_Layer g 3:58 PM ) - A (exp 4
Folder Uittenbogaard, 1995)
+# [ 00_Reports
OI_RANS mjReposilory,v‘2_CFX_FIuent_Vahdahon_DB 02 7C
1/29/13 11.0 and
. m = /03_Turbulence_Acoustics/04_Buoyancy Template 2=l Public ot 1) Unrestricted 2_Validation Natural convection in a differentially heated cavity
% [ 02_Scale_Resolving 2 d 10:52 AM earlier
= = MVal_low_Differentially_Heated_Cavity Folder
+ 03_Transition L - e
g 04_B || [ /Repositary/2_CFX_Fluent_Validation_DB 03TC 1729713 Natural convection boundary layer with laminar-
9l [ 04_Buoyancy /03_Turbulence_Acoustics/04_Buoyancy Template 10:52 AM Public 13.0 1) Unrestricted 2_Validation i turbulent transition: 1-equation intermittency
# [[J 05_Heat_Transfer /Mal_low_Natural_Convection_BL Folder ' transition model
& 06_Mixing el 3 2
g . . [ /Repasitory/2_CFX_Fluent Validation_DB 03TC i— 2) :;:;;a.ncy drlver.'\.naltura\ c?nver:tlo:'\ ﬂr;w of reﬁ’lﬁerant
+ _ erodynamics t tat t
" /03_Turbulence_Acoustics/04_Buoyancy Template fe2l Public 13.0 Acknowledgement  2_Validation o e SN RIS
¥ [ 08_Acoustics Nal_strm_Inclined_Pipe_B Eolder 10:52 AM Required differentially heated/cooled copper plates at both ends
- al_xtrm_Inclined_Pipe_Buoyan 2
5 [C] 09_High_Speed = - —HIREIRUOYANCY of the pipe (HySIM project testcase)
. o Repaository/2_CFX_Fluent_Validation_DB
i e . ol ; i ?3 Tc\ t A Publ 12.0 nu tricted 2_Validat RAE-2822 T Airfoil Test
v ﬂ 04_Eulerian_ MPF /03_Turbulence_Acoustics/07_Aerodynamics/Val_med_RAE- emplate 10:52 AM ublic J ) Unrestricte _Validation £ ransonic Airfoil Testcase
051 Y] 2822-Transonic-Airfoil Folder
8 _Lagrangian_|
. mjRepository,v‘2_CFX_FIuent_Vahdahon_DB 037C f
¥ [ 06_Reactive_Flows 1/29/13 ) ) | 1st ALAA Drag Prediction WS - Drag Prediction of
e /03_Turbulence_Acoustics/07_Aerodynamics/Val_xtrm_DPW- Template Public 12.0 1) Unrestricted 2_Validation
+ [j 07_Radiation_and_Heat_Transfer 01_DLR-F6_Engine_Airframe Folder 10:52 AM ) Engine-Airframe Interference Effects A
08_HPC_Parallel = - ' -
Eos. - [ /Repository/2_CFX_Fluent_Validation_DB 03 TC
+ [ 09_System_Coupling 1/25/13 11.0 and . . 3rd AIAA Drag Prediction Workshop - Investigation of
f03_Turbulence_Acoustics/07_Aerodynamics/Val_xtrm_DPW- Template : Public j 1) Unrestricted 2_Validation _ i
% [ 10_Turbomachinery 03_DLR-F6_Wing_Bady Folder 10:52 AM earlier L Wing-Body Configuration
o lj LIcE QfReposnury,v‘Z_CFX_FIuem_Vahdahun_DB 03 TC
[E3 12_EMHD 1/29/13 4th AIAA Drag Prediction Workshop - Simulation of
= f03_Turbulence_Acoustics/07_Aerodynamics/Val_xtrm_DPW- Template Public 12.0 1) Unrestricted 2_Validation . R . L
. i3 10:52 AM Airplane with Horizontal Stabilizer
[ 13 Spedial_Physics 04_Wing_Body_Stabilizer Folder
¥ [ 14_Solver_Meshing [ /Repository/2_CFX_Fluent_Validation_DB 03TC g
[ 15_Adjoint_Methods /03 _Turbulence_Acoustics/07_Aerodynamics Template Ezgéljm Public 13.0 1) Unrestricted 2_Validation ?I—S{\tL‘;[L:\‘:\ViF)D Highiliit FredichionWorkshop

[ 20_Renewable_Energies /Val_xtrm_High_Lift_Prediction_WS-1 Folder -y



V&V Database — Test Case Structure

Basic asset — the V&V test case:

Legal matter

References

Experimental data

CFD Investigation
Documentation
Marketing material
Classification & keywords

— Unified folder structure

—> Assighed EKM properties

—> Connected quality assurance process

—> Connected access control

13

© 2011 ANSYS, Inc. August 9, 2013

=] £3) 1_CFD_Testcase_Template
-] 53 x_y_testcase_structure
-] £3) 1_testcase_data

[ 2_References
- €3 3_CFD
[ 1_Geom_Mesh_Generation
[ 2_Meshes
1 3_Ini_BC Data
¥ [ 4_Model_Setup
[ 5_Run_Scripts
[ 6_Customization
[ 7_Calc AFD
[j 7 Calc CFX
[ 7_Calc_Fluent
E i] 8_Reference_Data
¥ [ 9_Postprocessing

[ 7_Images_Movies
i] 2_extracted_regression

[ 3_customer_case

] 4_QA _verification_case



V&V Database — Test Case EKM Properties

Assignment of collateral information to test cases:

* EKM properties for basic assets
— Type of test case |

N\ Edit Properties

Set Property Values Add/Remove Properties
— Short description

Turbulence_SAS

— ANSYS Release | Turbulence_55G Reynolds Stress
Turbulence_SST
— IPR status Turbulence_Spalart-Allmaras -
— Status of investigation Technology Type: *
AMSYS CEX
— Man hours & comp. effort ANSYS Fluent
AMSYS Fluent for Catia
— Technology area / CFD solvers ANSYS Fluid Dynamics (AFD)
_ Keywords AMSYS TurboGrid -
Testcase Details: *
Aerodynamics of the Drivaer car model. Drivier car model has been
—> Defined in EKM customized Type of Testcase: *
folder type (the basic asset type) 2-Validation v

[ Apply above properties to children
—> Basis for property based search

(0] 4 ] [ Cancel ” Help

14 © 2011 ANSYS, Inc. August 9, 2013
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V&V Database — Lifecycle Management

Quality assurance and reviewing process:

 EKM LCM defines workflow for review and approval
* LCM stage automatically changes access permissions for database assets

Team leader, EKM server / validation manager

Test case
creators

— > | === > | =—= > | —
TC uploaded to EKM TC approved and TC approved and TC archived
Author access / Manager made visible for made visible for Access restricted to
notification for TC approval Development Teams ANSYS-wide use author & dev. team

15 © 2011 ANSYS, Inc. August 9, 2013



Defined V&V Processes: CFD Best Practice

Quantification of the simulation error

Thoroughly documentation of the test case

Numerical error Easy
* |teration error = depth of convergence, residual level ]
* Round-off (computer) error = single vs. double precision

* Discretization error 2 mesh resolution & time step independence

Model error

* Sensitivity to physical model(s) involved
* How empiricism affects simulation accuracy

Systematic error

* Remaining reason(s) simulation & reality do not match

* Uncertainties in experimental setup & data

* Simplified geometry, simplified flow physics (?), fluid properties,
boundary conditions, steady vs. unsteady, modeled vs. resolved
physics (e.g. RANS vs. LES), etc.

16 © 2011 ANSYS, Inc. August 9, 2013
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Usage Scenarios — Accessing Information (l)

TC Template Folder Properties:

ANSYS Release: 14,5

Completion Status: 1) Finalized
Computational Effort: XL (more than 2 weeks)

 Metadata are automatically extracted »:u 5 Restricd

Included in AFD
f I I I d d f. I Validation Manual:
rom a u p oa e I es Included in Fluids QA
Verification Services:

« Extraction of simulation details report roucnese ..

Mo

Testing:
f NSYS CAE f-I Industry Type: Automotive, Generic for all Industries
rom A I es Investment in Man
6400
Hours:

° P rotoco I of I ifec cle sta e Ch a n es Keywords: Turbulence_LES, Turbulence_RANS, Turbulence_SAS, Turbulence_SST, Turbulence_aerodynamics
y g g Technology Type: AMNSYS CFX, ANSYS Fluent, Turbulence
) b' I . Aerodynamics of the Drivaer car model. Drivaer car model has been created by TU Munich, Germany
t ra cea I Ity Testcase Details: in collaboration with BMW and Audi as a blend of EMW 3 and Audi A4 car geometries. The simplified
estate and two different fastback car models have been investigated.

Type of Testcase: 2 _Validation

Uploaded

EKM Object Properties:

Checked Out

9/24/12 2:54 PM Jjsanyal State change proposed from Uploaded to Released files uploaded o .

0/24/12 2:54 PM Signoff started Checkin Checkin Disabled

9/24/12 3:44 PM sjain Review started Policy:

9/24/128:29 PM sjain Approved promoted by 5 Created By: ffrank

9/24/128:29 PM Signoff completed Date

9/24/128:29 P State change completed from Uploaded to Released Created: 12/19/12 10:30 AM

9/24/12 8:30 PM sjain State change proposed from Released to Public promote to public

0/24/128:30 PM Signoff started Date 4/10/13 8:20 AM

9/24/128:30 PM Sjain Review started Modified:

9/24/128:31 PM sjain Approved reviewed and promoted to public by sj. Aeradynamics of the DrivAer car model. DrivAer car model has been created by TU Munich, Germany in
9/24/12 8:31 PM Signoff completed Description:  collaboration with BMW and Audi as a blend of BMW 3 and Audi A4 car geometries. The simplified estate and
9/24/12 8:31 PM State change completed from Released to Public two different fastback car models have been investigated.
3/20/139:39 PM sjain State change completed from Public to Uploaded Expiration

4/3/13 %17 PM Jjsanyal State change proposed from Uploaded to Released Date: 1/4/13 10:17 AM

4/3/139:17 PM Signoff started

4/3/139:28 PM sjain Review started

4/3/13 9:43 PM sjain Approved sj uploaded files with Jay.

4/3/13 2:43 PM Signoff completed Image:

4/3/13 343 PM State change completed from Uploaded to Released

4/3/13 2:44 PM sjain State change proposed from Released to Public

4/3/13 9:44 PM Signoff started

4/3f139:45 PM sjain Review started Lifecycle sublic

4/3/13 9:45 PM sjain Approved Reviewed and promoted to public, Stage:

4/3/13 3:45 PM Signoff completed



Usage Scenarios — Accessing Information (ll)

Keyword Search Advanced Search

EKM Plain Search: . = Em@

. _ -
* Metadata can be used for plain [ My Saved Queries
search for database content [ Shared Queries

Searchin C e el e
A el & o <S>
e 5 o bkl e [

= /Repository/1_AFD_Validation_D'B/06_Reactive_Flows/01_Non_Premixed/Val_xtrm_DLR_Combustion_Chamber 8/10/12
122 KB Image o

/1_testcase_data/0_Description/DLR_Combustion_Chamber_sm.png 241 PM
=] /Repository/1_AFD_Validation_D'B/06_Reactive_Flows/01_Non_Premixed/Val_xtrm_DLR_Combustion_Chamber 644K 1 8/10/12
mage
/1_testcase_data/0_Description/DLR_Combustion_Chamber.png g 2:41 PM
/Repository/1_AFD_Validation_DB/06_Reactive_Flows/01_Mon_Premixed/Val_dtrm_DLR_Combustion_Chamber 5249 KB E‘lﬁcmspof_t 8/10/12
. t
/1_testcase_data/4_Presentations/120720_DLR_combustion_presentation_final pptx OWETRINE 941 pm
Presentation
= /Repository/1_AFD_Validation_DE/06_Reactive_Flows/01_Mon_Premixed/Val_xtrm_DLR_Combustion_Chamber ke I 8/10/12
/1_testcase_data/7_Images_Movies/DLR_Combustion_Chamber.png mage 241 PM
=] /Repository/1_AFD_Validation_D'B/06_Reactive_Flows/01_MNon_Premixed/Val_xtrm_DLR_Combustion_Chamber 139KB 1 8/10/12
mage
/1_testcase_data/7_Images_Movies/DLR_Combustion_Chamber_schematic.PNG g 2241 PM
[ /Repository,/3_Validation_Experiments/06_Reactive_Flows/Val_xtrm_DLR_Combustion_Chamber/1_testcase_data/3_CFD Fold 3/7/12
older
/71_Cale_Fluent/DDES_combustion_Fluent 1:27 AM
«] /Repository/3_Validation_Experiments/06_Reactive_Flows/Val_xtrm_DLR_Combustion_Chamber/1_testcase_data 3/7/12
. . 31 KB Image -
/1_Images_Movies/DLR_Combustion_Chamber.png 1:27 AM
. . . A . . . 7/3/12
@ /Repository/2_CFX_Fluent_Validation_DB/06_Reactive_Flows/06_Real_Gas/Val_med_RCM-1 Shortcut 135 PM
@ /Repository/4_Literature_Database/AMNSYS_iacc_easc_ASWC/2012_ASCW _Detroit/l_Powertrain/validation-verification- 6.848 KB idobbe 2/4/13
X t iy 1
internal-combustion-ansys.pdf DUD : 11:45 AM
ocument
18 © 2011 AN E /Repository/4_Literature_Database/ANSYS_iacc_easc_ASWC/2009_easc_Frankfurt/fscommand/Simulating Internal 4278 KB idobbe 2/1/13
+ /1
Combustion Engines (Bauer).pdf ! crebe 344 PM

Document



WWINSH Usage Scenarios — Accessing Information (ll)

EKM Advanced Search: Keyword Search Advanced Search
* Based on self-assigned EKM properties a ] -

v anced
and automatically extracted metadata vy Saved ueries.
* Logical combinations (and/or/not) ] Shared Queries

* Queries can be saved & re-used Saved Searches

CFX Definition Properties:

Boundaries: Housing Default, InletSide Side 2, OutletSide Side 2, Inlet, InletSide Side 1, Outlet, OutletSide Side 1, Pipes Default
CFX Version: 130

Combustion Model: None

Dornains: Housing, Pipes

Heat Transfer Model: Thermal Energy

Materials: Airldeal Gas, Steel
Radiation Model: Mone
Time: Steady State

Turbulence Model: K Epsilon

TC Template Folder Properties:
AMSYS Release: 145
Completion Status: 1) Finalized
Computational Effort: XL (more than 2 weeks)
IPR. Status: 1) Unrestricted
Included in AFD Validation
Mo

Manual:
Included in Fluids QA Verification

. Mo
Services:

Included in Regression Testing: 1) Mone

Chemical and Petrochemical, Environmental, Generic for all Industries, Qil and Gas, Power Generation,

Industry Type: Process Technology
Investrnent in Man Hours: 200.0

EulerianMPF_fluidized bed, EulerianMPF_gas solid, EulerianMPF_granular ternperature,
Keywords:

EulerianMPF_kinetic theory, EulerianMPF_solids pressure

Technology Type: ANSYS Fluent, Eulerian Multiphase

Validation of NETL Circulating Fluidized Bed (CFB) benchmark test case using Eulerian Granular

Testcase Details: Multiphase models

Type of Testcase: 2 _Validation



EKM Advanced Search:

@ ) Reposntory - ANSYS EKM - Mozllla FIrerox

o | hilp.fekm-Nuids. ansys. com 8080 ekm/fuithurme. lazes

[ile Settings “iew |lelp
4= Back - ﬁ |_||;. -
Faoldars

(& Applications
AT
= {5 My Hurmne
£ My Dashboard
# L My Dala
== My Processes
M My -

2 My VWi

= <25
# [ 0_Administration
+ CJU_User_Documentation
# L1 _ArD_validation_U8
F C0Z2_MM | _Valdation_DB
H Ed 7 QA Verifination_
H CA3_Walidatinn_Fxperiments
+ [J4_Literature_Database
=35 AFT_Appl_Feature_Testing
= R13.0
= CdR11.0
= [ Templates
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CFD Solver V&V Database Status (May 2013)
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01 — General Numerics

02 — Material Properties

03 — Turbulence Acoustics

04 — Eulerian Multiphase Flows

05 — Lagrangian Particle Tracking

06 — Reactive Flows / Combustion

07 — Radiation & Heat Transfer / CHT
08 — HPC / Parallel Computing

09 - FSI & System Coupling

10 — Turbomachinery

11 - Internal Combustion Engine (ICE)
12 - EMHD

13 — Special Physics

14 - Solver Meshing

e Approx. 220 test cases in 14 technology areas (~2.0 Tbh):

Technology area

- 10
- 3
10 93
10 46
7 14
9 17 (+ 1X ICE)

- 8
- 9
2 10
- 3
- 2



CFD Solver V&V Database — The Content
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Sources of validation test cases:

ANSYS CFD solver development V&V
ANSYS internship students program
Customer driven benchmarks

ANSYS participation in R&D projects

funded by EU & national organizations

ANSYS participation in international
CFD benchmark activities

— AIAA 15t - 4" Drag Pred. WS
— AIAA 15t & 2" HilLift Pred. WS
— AIAA 15t Aeroelasticity workshop (AePW-1)
— OECD/NEA - see next slide

— ERCOFTAC & ECCOMAS CFD V&YV activities

ANSYS conference & workshop publications
based on CFD studies .

© 2011 ANSYS, Inc. August 9, 2013
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OECD/NEA CFD V&V Benchmarks

Year Title Geometry ANSYS
Partici-
pation

2004- OECD/NRC Benchmark based on NUPEC BWR Full- Fluent/
2009 size Bundle Test Sixth Workshop — BFBT indirect

2009- OECD/NEA & NUPEC PWR Sub-channel Bundle Tests /Z
2011 Benchmark - PSBT

2009- OECD/NEA-Vattenfall T-Junction Benchmark on
2011 Turbulent Thermal Mixing and Thermal Fatigue
Phenomenon

2011- OECD/NEA—-KAERI MATiS-H Benchmark on
2013 Turbulent Flow Through 5x5 Rod Bundle with
Spacers (Split and Swirl Type)

2013- Proposal : OECD/NEA — PSI CFD Benchmark on
2014 Erosion of a Stratified Layer by a Buoyant Jet in a
Large-Scale Containment Facility




V&V Database — Future Outlook

Future development of the CFD Solver V&V database on EKM:
* Filling the gaps in our validation matrix for the ANSYS CFD solvers
« EKM R&D for automated & regular execution of V&V test cases
* Automated cross-comparison for V&YV tests using different solver versions
* Linux cluster uplink for the EKM server and remote execution
* Automated postprocessing, acceptance criterion evaluation
=> Partially possible already today; more a usability / ease-of-use issue

EKM controlled remote cluster execution

M\ Mixing Tank Simulation
Simple Flat Based Mixing Tank
Workflow Calculator
Simulation Mame: Output Folder:

/Repasitory/mixing_app Browse...

Top Impeller
Radial

A}

Velocity:
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EKM re-import of results

MNamet

g mix_app_l Report
= mix_app_l.cas.gz
| mix_app_l.dat.gz

% mix_app_1.jpg

EKM results visualization and
automated cross-comparison

e e O WM




Summary & Outlook

* With ANSYS EKM as the technical platform ANSYS is getting
close to reach the set goal of:

Collect and store all available ANSYS CFD solver V&V test case material
=>in a single place
= in a unified format
= with a well-defined V&V process for the case studies
= and with QA by an established test case reviewing process
= Enable ANSYS world-wide access, knowledge sharing & team collaboration
= Provide ANSYS customers with high quality CFD solver validation

 ANSYS EKM has proven as a mature and flexible SDPM solution
used today by ~1300 users in all world-wide ANSYS offices

* ANSYS is continuously investing in high verification and
validation standards for the developed ANSYS software

25 © 2011 ANSYS, Inc. August 9, 2013
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Thank you!
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