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* Who is SVS FEM?

* What is ANSYS?

* ANSYS in Academic World

* Comparison ANSYS CFX and OpenFOAM

 HPC Configuration — How to select HW resources for your job?
* ANSYS Cloud Tools

e Solution of Large models (Superelements)

« Benchmarks of large clusters (Metacentrum, IT4l, UV2000)
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Skoleni SVS FEM SVS FEM

Your partner in computing

ANSYS Mechanical APDL 1 ANSYS Workbench Mechancial - Fatigue Modul

ANSYS Mechanical APDL 2 ANSYS Workbench Mechanical - nCode DesignlLife
ANSYS Mechanical APDL - Dynamics ANSYS Workbench Mechanical - Emag NF

ANSYS Mechanical APDL - Nonlinear 1 ANSYS Workbench Geometry (ANSYS DesignModeler)

ANSYS Mechanical APDL - Nonlinear 2
ANSYS Mechanical APDL - Nonlinear 3
ANSYS Mechanical APDL - Nonlinear 4
ANSYS Mechanical APDL - Optimalization

ANSYS Workbench Geometry (ANSYS SpaceClaim Direct Modeler)
ANSYS Workbench DesignXplorer
ANSYS Workbench Explicit Dynamics

ANSYS Mechanical APDL - Programming Elektromagnetické simulace - Maxwell

ANSYS Mechanical APDL - Emag NF Elektromechanické simulace - Maxwell, Simplorer, RMxprt
ANSYS Mechanical APDL - Emag HF ANSYS AUTODYN

ANSYS CFX LS-DYNA

ANSYS FLUENT Skoleni OptiSlang

ANSYS Icepak
ANSYS from FLUENT to CFX

ANSYS TurboGrid

ANSYS BladeModeler

ANSYS CFD-Post

ANSYS ICEM CFD

Gambit to DesignModeler & ANSYS Meshing transition
ANSYS CFX - Spalovani a Radiace

ANSYS FLUENT - Spalovani a Radiace

ANSYS CFX FSI

ANSYS FLUENT FSI

ANSYS Workbench Mechanical 1 / ANSYS DesignSpace
ANSYS Workbench Mechanical 2

ANSYS Workbench Mechanical - Dynamics

ANSYS Workbench Mechanical - Nonlinear 1

ANSYS Workbench Mechanical - Nonlinear 2

ANSYS Workbench Mechanical - Nonlinear 3

ANSYS Workbench Mechanical - Thermal

ANSYS Workbench Mechanical - Programming
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WSS We can solve Extreme Models 2VS FEM
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140M cells

We are able to formulate, compute and evaluate the most complex and the largest models...
T “ ﬂ . = m\‘ y R14.5

280M cells

N

R

swer 25, 2013

6/163 © 2012 SVS FEM spol.sr.0. Ny



We can build infrastructure for HPC SVS FEM

Your pariner in computing
T ANSYS
A

* Our Workstation won in official benchmarks of Fluent as workstation with -
the best power per core and the best scaling. e s
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e Our workstations are able to solve models with 111 M cells on 2 - 8 cores.

7/163 © 2012 S\'S FEM spol. sr.o.  November 25, 2013



ANSYS Pro podporu nasich uzivatelli i po strance HW stala SVS FEM

IN11."'.II IArNer 1N coim 'III'.'.II}'
se SVS FEM s.r.o. oficialnim partnerem firem | |
ABACUS, HP, SGI a IBM.

Pro kazdy ze SW produktti u nas zakoupenych dokazeme navrhnout optimalni hardware a nabizime dodani
celé instalace na klic.

Pracovni stanice

Hardware od SVS FEM

©
o o CHANNEL * Notebooky
SVS FEM je vas specialista na CAE Hardware. * Servery
- N ) . s PARTNER
Od ptipravy pres konfiguraci, instalaci az po * Clustery

vlastni uzivani. Komponenty a

prislusenstvi
SVS FEM je Vas partner ve vypoctech
Proc zvolit pravé nasi konfiguraci HW a instalaci ANSYSu?
-  Sestavujeme pouze takovy hardware, ktery je kompatibilni s produkty ANSYS a ktery dosahuje optimalniho vykonu dle Vasich potieb
- Provadime kontrolu kvality doddvanych PC v(ici stabilité ANSYSu
- Instalujeme pozadovany operacni systém i baliky ANSYSu véetné nejnovéjsich aktualizaci. Provedeme tunning profilu testovaciho uzivatele.
- Testujeme/aktualizujeme ovladace BIOSu a provadime jejich tunning pro maximalni vykon ANSYSu
- Konfigurujeme Hardware dle vasich pozadavku: RAID disk(, firmware disk(, obsluzné rutiny, konfigurace/tunning sitovych adapterd,
automaticky backup

- Konfigurujeme plné MPI (Platform, Open, Intel) pro maximalni vykon pfi distribuovaném vypoctu u jednotlivych aplikaci ANSYS
- Nasi konfiguraci doddvame véetné podrobného auditu.

- Vypis profilu uzivatele

- Test kompatibility ANSYS kritérii

- MPI test

- Vytvoreni geometrie, vysitovani a provedeni feseni na jednoduché uloze

- Stredné tézké az extrémni CFX/Fluent/Mechanical benchmarky

- Intenzivni HW benchmarky

- Konfigurace RSM, test Uloh pres RSM

- Verifikace RAID poli, simulace selhani a naslednd obnova

- Vysledky vSech testli Vam zUstanou k dispozici na preddvaném HW.
- Support (hotlin/webex/zasah na misté) v pripadé HW ¢i SW problému. Webex pro prvni kricky v nasi instalaci.
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WSS What is ANSYS? VS FEM

Sofisticated engineering tool for solution of complex physical tasks and...




What is ANSYS? SVS FEM

Your partner in computing

...complex geometry of the real problems...
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WSSl What Does ANSYS do? 2VS FEM

Digitally simulate performance across all physics of
complete systems, in their real-world environments

et Evaluate Feasibility Assess D Engineer
Development I New Ideas Assessment Designs Manufacture
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ANSYS Enables Simulations

SVS FEM

Your partner in computing

Cell Phone Stress

s
TikdilEy b

-
1
Fl
-
=

Production Equipment

Aerospace

Building Explosion

LT

Jet Impact

High Speed Airflow
of Soccer Ball

Cyclone Separator

tesy of Gebr. Heller Maschinenfabnk GmbH and University of Sheffield
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ANSYS Solutions SVS FEM

Your |3l.|[| IIIIIIIIIIIIIII ['Hlt'.llf:'

ANSYS Multiphysics
Solutions

' Electromagnetic Mechanical Computational Fluid
Simulation Simulation Dynamics (CFD)

. Low | High ' Implicit | Explicit | | Electronics

Frequency |@ [Frequency | D § — cooling

] General
CFD

Simplorer
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The Project Schematic

0 Unsaved Project - Workbench

File Edit View Tools

Toolbox

P A Project Schematic

B Analysis Systems

(@) Electric (ANSYS)
B Explicit Dynamics (ANSYS)

|68 Fluid Flow (CFX)

€4 Fluid Flaw (FLUENT)
(Y Harmonic Resporse (ANSY
B3 Linear Buckling (&NSYS)
il Magnetostatic (ANSYS)
fY Modal (ANSYS)
[ Rardom vibration (aNSYS)
[l Resporse Spectrum (ANSY
Lzl Shape Optimization (BMNSYS
EA Ctatic Shoochoral AARSYTY
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Units  Help
 JNew [Zopen... d Save &l Save As..

«0Reconrnect

= Refresh Project

S g1 Solution

Fluid Flow

November 25, 2013

SVS FEM

Your partner in computing

T, ';,w_ -

» Attach to CAD model
» Edit Geometry

» Generate Mesh

» Define Physics

» Solve

» Post-process




WSS Automatic System Updates 2VS FEM

Fle Edit View Tools

Bl Analysis Systems

[8) Flectric (ANSYS)

B9 Explicit Dynamics (ANSYS)
6 Fluid Flw (CRXO

€4 Fluid Flow (FLUENT)
Harmonic Response (ANSY
BJ Linear Buckling (&NSYS)
1 Magnetostatic (ANSYS)

@8 Modal (ANSYS)

[ Rardom vibration (aNSYS)
il Resporse Spectrum (ANSY
Lzl Shepe Optimization (ANSYS
B Ctatic Shoochoaral (ARG
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Units  Help

2 @ Geometry | ~ |
(3@ Mesh ] ]

Fluid Flow

November 25, 2013

ustration:
» Change the geometry
- State icons change
» Update the project
» Entire project updates

in batch mode
\ 4




ANSYS Workbench Enables...  gygeey
Multiphysics Simulations o paver i ceputng

fi\' Wing CFD Complebe - Workbench

File  Wiew Toolz Unfs  Help
- IMNew S Cpen.. l@lSave @lSave As... <pReconnect @ Refresh Project o Lpdate Project gflImport.. @ FProject =
Froject Schematic —

B Aralysis Systems

(] Electric (8MNSYS)

I Explicit Dynarics (ANSYS) M . I

& Fluid Flow (CFx3 Wl % Fluid Flow (CFX) 1 Static Structiral (AR

& Fluid Flow (FLUENT) 2 | Geometry 7 AT = & Engineering Cata v

09 Harmonic Resoonse (ARNSYS) 2 |@ Mesh v @3 ) Geometry v .

!?_I Linear E.ucklm fBMNSYSY 4| @ senp v, 4 @ Mocel @

[59] Maghetoststic (AMSYS) -

i Modal (eNSTS) 5 SolLtion / ———aS @ Sehp 3

il Rardom vibraticn (ANSYS) 6 @ Results e 6§ Soluticn 2

Ml Response Spectrum (ANSYS) Eluid Bl 7 @ Results =

= Shape Optimization (AMSYS) :

@ Static Shucharal (BNSTS) | Static Structhural [ANSYS)

EY Steady-State Thermal (ANSYS)

Ther mal-Electric (ANSYS)

Bl Transient Structural (aMNSTS)

B Transient Structural (vBD70

% Transent Thermal (aMsYs)

# Component Systems

B Custom Swetems

B Design Exploration
| T Yiew Al f Customize.,. | ¢ ¥
e Peady |'ElShow Progress ||.% Show O Messages | .-
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WSSl Flexible Multibody Dynamics Va2LEM,

— 267.62

| 178.42
§9.20%

1.8660€ -5 Min
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* Three complementary
solutions: AUTODYN, LS-
DYNA, and Explicit STR

* Workbench-based
* Interfaces to CAD systems
* Access to meshing tools

* Parametrically Associative
to Geometry

— Unique for Explicit!

— Explicit Dynamics can be used
as an up-front design tool for
the first time
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N ANSYS™
Workbench®

- Erig_ineering 3

Q  Data

‘Materials
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WSS Fluid-Structure Interaction A AR

.

CFX/ CFXI CFX/
FLUENT FLUENT FLUENT

\ *;/

CFX/FLUENT

r t:l Mcr DepScoment 2

‘Mbo

l 2 195 -4

I
........

Prescribed motio One-way, common practice Two-way, h|gh fldellty‘
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Electromagnetics and Structural Coupling

v A
* Maxwell provides 1 72 Static Structural
volume/surface forces to
ANSYS Mechanical 2 & Geometry ? 2 2 @ Engineering Data v 4
3 @ setup P 4 3 @ Geometry ? 4
4 S Solution A 4 @ Model ? 4
prius motor \‘5 @ setup ? 4
6 Nﬁ Solution T 4
7 @ Results X -l
prius motor

Electromagnetic force density
from Maxwell is used as load in
] Mecha‘nicalr . : . Deformation of the stator Deformation of coils
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Electromagnetics and Fluid Coupling SVS FEM

Your pariner in computing
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LYW In Addition To Multiphysics, Data Mapping SVS FEM

Your partner in computing

Can Apply Measured/Experimental Results
To Complex Surfaces

- C
W | External Data
; 4
i
External Data ‘
4
= w4 ? el Setup P
6 ﬂ% Solution 4 6 |GF Solution 4
7 | @ Results 4 7 @ Results 4
—» 8 |[Bd parameters 8 Parameters
1 Ml
2 @l Setup 4
Bxte
——
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= Connects to Design Environment in
ANSYS SVS FeM
Multiple Ways o e i st

File Reader

* PTC: Creo Parametric

* Siemens: NX, Solid Edge

 Dassault: CATIA, Solidworks

* Autodesk: Inventor, AutoCAD

e (Cadence: Allegro, APD, Virtuoso

* Synopsys: Encore

e Zuken: CR5000

* Mentor: Boardstation, Expedition, PADS

* Neutral Files: Parasolid, SAT, STEP, IGES, ODB++

Bidirectional Associative Link

* PTC: Creo Parametric, Creo Direct Modeling
* Siemens: NX, Solid Edge

* Dassault: CATIA, Solidworks

* Autodesk: Inventor
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NWSSH Parametric Simulation SVS FEM

ur pe artner in ¢ ampy uting

* Today’s Engineering
Applications Create Parameters
in Many forms:

e Dimensions and Instances

e Attributes and Names
* Properties

* Parametric capabilities enable :
rapid updates of models for new — J :
designs and requirements o oD o | e
scenarios. S j]_?” i

eyl R
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WVl ANSYS Workbench Makes Parametric
Simulation Part of a Standard Workflow

User Select Parameters

-|| Scope
Scoping Method Geometry Selection
Geometry 6 Faces

= inition

Type Convection
P| Film Coefficient 15. W/m*°C (ramped]
P Ambient Temperature | 1500, *C (ramped]

Mo

Suppressed

Workbench Collects
Parameters from All
Project Applications

26/163 © 2012 SVS FEM spol. sr.o. November 25, 2013

- A
Y7 ot stuctral (515
2 & Engineering Data
3 @) Geometry
4 |@ Model
5 @ Setup
6 @3 Solution
7 @ Results
> 8 (pd Parameters

A
4
4
4
A
4

NINTSINIS TS

Static Structural (ANSYS)

(pd Parameter Set

v B

I8l % Direct Optimization

2 @ Optimization v

4

Direct Optimization

SVS FEM

Your partner in computing

Results that Evaluate
Trade-off Require Just a
Few More Mouse Clicks




FIS& Highly Adaptable and Customizable SVS Fem

Your |'I.I[|]IL'I imn l_'l.|I1I|'|IIt'.II:-_'

Acoustics % #% Sources and Loads ~ 12EBoundary Conditions ~ i Results ~

Outline
] Project
B 8 Model (A1)

,,fﬁ Geometry
. . o w24 Coordinate Systems
* ANSYS Customization Suite @ oy
(% Mesh

- I Named Selections

* Expose custom calculations and (3 Harmonic Response (A5)

(T_,B Modal (Mone)

results in a native environment iiiiii.j% o senes
-, Acousgc gzdyz
B i

e Attractive solution for automation Y r e

(H TimeFrequency Flot

and democratization of simulation 2] Time Frequency ot 2

----‘,I_ Far Field
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Example: Exposing
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Mechanical
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ANSYS HPC

* High Performance Computing (HPC) adds tremendous
value to simulations

47

— Enabling insight

— Enabling productivity
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WSE ANSYS Academic - examples SVS FEM |

Problem

Due to the complexities of bone cells, the variables
affecting bone growth are not easily identified and
understood.

Solution

The Bone Mechanobiology Group at the National
University of Ireland Galway uses ANSYS Multiphysics to
provide a deeper understanding of the mechanics of bone
cells. The new data provided from simulations allowed
prediction of the stress and strain signals that simulate 0 B
bone growth, as well as developing the next generation of

cures for bone diseases.

“Our ANSYS simulations are now being used to inform the next generation of cures
for bone diseases, such as osteoporosis.”
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WSS ANSYS Academic - examples SVS FEM |

Problem

Patients who receive a cardiovascular stent may
sometimes have post-treatment complications.
Developments in healthcare engineering have the
potential to decrease risks of post-operative disease and
improve overall success rate.

Solution

University of Pittsburgh students used ANSYS CFD tools to
simulate and analyze the complex interactions between
the deployment of a cardiovascular stent, the
perturbations of blood flow, altered mass transfer and the
risk of post-operative diseases.

“Because of the flexibility of ANSYS tools, developing and using computational
models covering a wide range of problems no longer requires considerable efforts or
highly trained personnel.”

University of Pittsburgh
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WSE ANSYS Academic - examples SVS FEM |

Problem
Discover a method to treat and eliminate cancer.

i m /\‘ ROk .
SOIUtIon . . ) ) DukeMedicine ‘5/1"27.7»";35-‘;&\;& B “ Q h?’—'],’f
A group at Duke University is working towards a non- ik
invasive approach to treat bladder cancer with the help of
ANSYS HFSS and Fluent.

Result

They have developed a heated antenna that was able to
deliver chemotherapeutics directly to the bladder without
burning the skin. Currently, optimization of non-invasive
heating tests on human bladders is ongoing.

By integrating ANSYS simulations at an early stage, it was possible to optimize the
heat applicator without repetitive experimental testing. In the end, just a single
prototype was needed and it performed as expected, resulting in a design efficiency
of 100%.

Duke University,

Hyperthermia Group
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WSE ANSYS Academic - examples SVS FEM |

Problem
Understand blood flow patterns before and after surgery
to show whether a surgery has been successful.

Solution

A research group at Linkoping University used ANSYS CFX
to accurately capture the turbulent scales of blood flow
through an aortic coarctation before and after surgery. '
They determined that a decrease in turbulent levels after . F\,J Aﬂer[m;ve-nﬁon
the surgery which meant that the surgery was successful

and that the workload of the heart decreased. Both

quantitative and qualitative results agreed very well with

MRI measurements.

The simulations provided an unprecedented detail of the flow, which is useful on
both a clinical level when planning interventions and treatments, and on an
engineering level in terms of understanding the flow features and transition to
turbulence.

Linkoping University
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WSS ANSYS Academic - examples SVS FEM

34/163

£5

Problem

As a newborn’s brain grows, the skull must expand rapidly to accommodate it. In some
cases, the bone plates of the infant’s skull close before this growth is complete which
can lead to developmental difficulties. Surgeries (osteotomies ) are required but
surgeons need to trade off between more cuts guaranteeing proper brain expansion and
fewer cuts which mean less risk to the patient.

Solution

Use ANSYS structural mechanics software to help determine the placement and number
of cuts required during surgery,

Result

Without simulation, doctors probably would have performed unnecessary additional
osteotomies to ensure there was enough room for brain expansion

The simulation results helped the surgeon to prepare better for the operation;

the procedure itself was much faster, and it was easier on the infant because of the reduced
number of osteotomies. Operations were successful on each of 20 patients, and the children
are all doing well.

Medical University

of Silesia
© 2012 SVS FEM spol. sr.o. November 25, 2013




WSE ANSYS Academic - examples SVS FEM |

Problem - P |
In heavily populated cities in Greece, using certain e LX,-J
building materials and techniques in wall construction can| f_«cc‘=

help improve human thermal comfort. e &
Solution S

Using ANSYS CFX to test various building materials,
Democritus University of Thrace proposed that materials
such as green roofs and water surfaces should be
considered.

“ANSYS CFX solves coupled environmental and thermal flows even for large scale
geometries where conventional models fail to succeed.”

Democritus University of

Thrace
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WSS ANSYS Academic - examples SVS FEM

Problem
Racing yachts can move faster when sail design
contributes to reduced drag in upwind conditions.

Solution

The University of Ljubljana studied pressure distribution
on upwind sails using ANSYS CFX, applying turbulence
models to compare computed and experimental results.

“Simulation enabled the team to collect data for reducing mainsail drag. By
shortening analysis time, we could study more design variables, which led to an
optimized design with maximum performance.”

Laboratory for Aeronautics

University of Ljubljana
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Your partner in computing

ANSYS Academic - examples SVS FeEm

37/163

Problem

To successfully identify the stresses for a carbon-fiber—reinforced mountain bike
frame for GHOST Bikes GmbH.

Solution

Used ANSYS Composite PrepPost software to simplify analysis of the carbon-fiber
reinforced polymer (CFRP) bicycle components.

Result

» Stiffness and resistance characteristics of the bicycle components met design
requirements including European standards.

* ANSYS Composite PrePost within the ANSYS Workbench environment significantly
improved design efficiency.

* Compared to typical trial-and-error development methods used in the bicycle

industry, the number of cost- and time-intensive physical prototypes was greatly
reduced.

ANSYS Composite PrepPost software, integrated within the ANSYS Workbench environment,
takes advantage of outstanding features and solver technologies from ANSYS. This

technology substantially simplifies analysis of CFRP structures using innovative modeling and
analysis capabilities.

Chemnitz University
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Problem

The tennis equipment market is highly competitive, so
manufacturers must continually innovate, producing
advanced equipment within very short time frames.

Solution

Sheffield Hallam University used ANSYS LS-DYNA to
simulate a tennis ball impacting a racket. The model can
be used as an engineering tool to accurately predict the
effect of changing specific parameters, including
structural rigidity or shot style.

“The simulation model created with ANSYS software will reduce the time and cost of
the R&D process. It can also help to develop tennis equipment that is specifically
designed for the end user.”

Sheffield Hallam University
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Problem

Plymouth University students produced a concept design
for a heat exchanger capable of heating domestic water to
40°C from boat engine exhaust gases with minimal
pressure losses and power requirements.

Solution

Students applied ANSYS DesignModeler, ANSYS
Workbench and ANSYS CFD, which predicted water outlet
temperature within 8 percent of theoretical values,
providing time- and cost-effective analysis for the client.

“Through simulation, potential design improvements highlighted at an early state to
improve heat exchanger performance.”

University of Plymouth
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Problem

For hurricane prediction models, unresolved physics,
especially near the air-sea interface, are the weakest
components.

Solution

Nova Southeastern University used ANSYS Fluent to
simulate the process of disruption of the air—sea interface
under hurricane conditions. The results of the study
justify the extension of existing theory of wind—wave
generation to hurricane conditions by including the effect
of two-phase environment on ultragravity waves.

oot

9.982e+002

7.490e+002

Wind stress 4 Nm2 Elapsed time =09 s

4.997e+002

2.505e+002

1.225e+000
(kg m*-3]

This project has been supported by the National Ocean Partnership Program (via NSU
subcontract to the University of Rhode Island) and by the Gulf of Mexico Research Initiative
(via NSU subcontract to the University of Miami/CARTHE).

“Simulation has played a significant role in the dramatic improvements that HEAD
has achieved in the performance and durability of its tennis rackets over the past

decade.”
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Problem

Gas turbine combustors produce turbulent combustion
creating a strong reliance on experimental measurements
and expensive setup costs.

Temperature {K)
B
2000

1rAN

.ITEM

120a
1200

LIty
Solution

Cranfield University used ANSYS Fluent to simulate
turbulent combustion in gas turbine combustors to
provide a better understanding of the complex flow
phenomena involved and predict quantities such as
velocity, temperature, combustion products and
pollutants with high fidelity and at a relatively low cost.

“The results obtained from ANSYS Fluent were used to calibrate simpler in-house
combustion performance and emission models.”

Cranfield University
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Problem

As electrical energy requirements increase, companies
look at new options to provide energy to customers
through improved infrastructure.

Solution
Researchers at Lucerne University used ANSYS Mechanical _
to test, improve and develop more reliable and practical
common overhead lines. CI—

LN, Y

% ) 2 RN -
Tension and Bending
[MPq]

By using ANSYS simulations, researchers were able to better understand the
complexity of common overhead lines to improve the technology..

Lucerne University of

Applied Sciences and Arts

42/163 © 2012 SVS FEM spol.sr.o.  November 25, 2013




WSS ANSYS Academic - examples SVS FEM

Problem

Interconnect reliability is crucial to the reliability of
integrated circuit that consists of billions of transistors
interconnected to form a circuit. Stress in the 7
interconnect lines during fabrication can form voids and o spot o Do WD bt 1
create an open circuit, decreasing the reliability of the

integrated circuit.

Solution

Nanyang Technological University used ANSYS
multiphysics modeling to understand why the voids are
caused and can fine tune the fabrication process to Ehean St ey MR T
prolong the lifetime of an integrated circuit. E———————

Multiphysics modeling clearly explains the mechanism of the voiding.

Nanyang Technological

University
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Problem

Study the Heat Island Index of a piece of land

Solution
The simulation, conducted in Fluent, took a 2-D mesh of a landscape design ¥
of a plot of residential buildings. The mesh was imported into Gambit and : Hil comparison

the whole plot was generated.

Result
The simulation showed the Heat Island Index was reduced by the greenery L

on the plot of land.

ANSYS Fluent and Gambit was used to study the Heat Island Index for a plot of land. The study

concluded that greenery reduced the Index number.

Carnegie Mellon University
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Problem

Hydro-electric plants must operate efficiently and
economically. Unstable water flow produces a vortex rope
that increases pressure fluctuations and reduces turbine
efficiency.

Solution

Using ANSYS Fluent, Pennsylvania State University
analyzed the complex phenomena occurring in the draft
tube. This is enabling the team to investigate control
techniques to prevent vortex rope formation and to
improve draft tube performance.

“By using simulation, detailed features of the flow can be studied that were
impossible to capture using experiments.”

Penn State Hydropower

Research Program
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ANSYS Academic - examples

Problem

To calibrate the “weather station” for the Phoenix Mars Lander so that lander itself
does not affect the readings. During the mission to quickly adjust the data to aid in
the next day’s mission.

Solution

Calibrate instruments pre-flight using fluid dynamics then during the mission use
CFD and HPC to provide rapid turnaround to guide data gathering for the next day’s
mission.

Result

Data gathering proved successful in both phases and this gave time for additional
simulations to be performed to help explain certain phenomena found in the raw
data.

Parallel processing and the multi-domain scheme in ANSYS CFX combined with AMD’s multi-core
architecture enabled simulations to be completed within the timeframe for decision making.

University of Alberta
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WSS ANSYS Academic - examples SVS FEM |

Problem
Researchers at the University of Palermo needed to design a new cross flow turbine.

Solution
ANSYS CFX was used in a two phase fluid (water and air) and a rotor-stator domain simulations.

The efficiencies of the new turbine design was determined with the simulations.

asin o sir !/3'['/] dcos ¢
bos ; (i
‘ - — I
e {

ANSYS simulations provided researchers the ability to design, test and improve the
efficiency of the cross flow turbine prior to the prototype stage.

Universita degli Studi di

Palermo
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ANSYS Academic - examples

Problem d
Wing design is normally tested one iteration at a time and can = 7
take many months to optimize a design. P
Solution

Piaggio Aero Industries teamed with the University of Rome

Tor Vergatta to design a new optimization method that

generates a single mesh and morphs it to any new geometry A
using ANSYS DesignXplorer, ANSYS ICEM CFD and RBF Morph. 1

Result | '
Researchers were able to evaluate the robustness of the Q

various wing designs to determine the ones that delivered
consistent performance as design parameters were varied.

With ANSYS software, the design optimization took a couple of weeks, less than a
tenth of the time required to optimize the design using conventional methods.

University of Rome Tor Vergata

and Piaggio Aero Industries
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Problem

When designing a stadium, builders must consider many
factors — two of the overall considerations are spectator
comfort/safety and how the stadium could affect play.

@@
- | -
e
4| 4

Solution

Conduct 3-D studies of stadium designs using ANSYS CFD
software to determine the ideal architectural designs to
limit wind flow and wind-driven rain.

Result

Planning for these venues can now incorporate wind-flow
patterns and wind-driven rain to optimize the stadium
design, and include cost saving techniques.

Simulation results can be used to improve the design of stadiums as well as to
diagnose and correct problems with existing stadiums — such as using special paint
to protect seats that frequently get wet, to reduce maintenance costs.

Eindhoven University of

Technology
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WSE ANSYS Academic - examples SVS FEM |

Problem
Students at the University of Nottingham discovered e
damage from an unknown source to the engine piston.

Solution

With the help of ANSYS Fluent, students discovered that
soot deposition on the cylinder liner and entrainment into
the engine’s oil correlate to oil starvation and damage to

TN

i i - I i (5)
the engine piston. i

“With ANSYS Fluent, detailed visualization of complex diesel combustion shows the
interdependence between the soot entrainment process and the in-cylinder gas
motion, the location of combustion and evolution of the soot cloud.”

University of Nottingham
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ANSYS Academic - examples SVS FEM

Your partner in computing

Problem

As oil prices soar, consumers and governments are
demanding improved vehicle gas efficiency. Even minor
improvements can help manufacturers to improve mpg
while meeting industry standards and requirements.

Solution

The University of Magdeburg used ANSYS CFD to
determine unsteady turbulent flows around a car’s side-
view mirrors. The software’s built-in models and user-
defined functions — including consideration of a film flow
on the surface of investigated geometry — enabled the
detailed analysis.

“ANSYS high-quality mesh provides high accuracy and fast convergence compared to
the fully unstructured mesh.”

University of Magdeburg
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ANSYS Academic - examples

Problem

Manufacture less expensive biofuels by introducing microbubbles of CO,-rich gasses into
the bioreactor.

Solution

Use ANSYS Fluent to help develop an oscillator that delivers microbubbles of appropriate
diameter to enhance algae growth.

Result
With the 50-fold increase in mass transfer rate afforded by this oscillator design, CO,
dispersal is accelerated in the bioreactor and should enhance algae growth rate by a
factor of 10. The experiments showed an 18 percent reduction in the energy required
for bubble production compared to conventional fine bubbles.

The team predicts that engineering simulation will play an even greater role in the
coming design of a commercial-scale bioreactor, when it will become critical to
optimize all components of the design to minimize capital expenses.

University of Sheffield
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CFD Simulations of 2.5 MW turbine using

ANSYS CFX and OpenFOAM

Bastian Dose'?, Wided Medjroubi® and Bernhard Stoevesandt?
1 University of Applied Science Kiel
2 Fraunhofer IWES, Oldenburg
2 ForwIND, Oldenburg

First Symposium on OpenFOAM in Wind Energy 2013, March 21th, Oldenburg
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Outlook

Complete wind turbine (incl. tower) was simulated
Focus on comparison of ANSYS CFX and OpenFOAM
Structured mesh generated in ANSYS ICEM CFD

Steady-state and transient simulations

Slide 1 ﬁ quWde — Fraunhofer

IWES
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Turbine Data

* Reference 2.5 MW wind turbine
* Designed by IWES

* Upwind configuration

* Rotor diameter: 100 m

* Hub height: 100 m

* Rated inflow velocity: 10.8 m/s

* Rated rotational speed: 13 rpm
Slide 2 |rm”mﬁmmmi quWde Z Fraunhofﬁz



Meshing strategy

Two separate structured meshes (rotor and far field)
Both simulations use the same mesh

Total cell count: 52 million (36 + 16)

Mesh quality verified by checkMesh

Y+ 200

Slide 3 % Foerd""’/ — Fraunhofer
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Meshing strategy

120m
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Meshing strategy
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Preliminary Results

Pressure

ANSYS CFX 2000
l

1-2000

-3500

OpenFOAM
Slide 13 |mm%l”m| FoerdW %Fraunhofﬁz



Conclusion

Structured meshes generated in ICEM can be used within OF
Meshing approach used worked

Similar results with both ANSYS CFX and OpenFOAM

CFX faster (3-4x) and more stable

. . — —
slide 15 ﬁl ForWind\y = Fraunhofer




IWYS@ Realizace HPC vypoctu SVS FEM

T parner in compuiing

* RSM - Remote Solve Manager

...implementace, uZivatelské rozhrani, konfigurace, integrace pldnovacu PBS/LSF,
monitoring...

» Specificka konfigurace samostatnych komponent
.. Mechanical APDL, Fluent a CFX, aktivace GPU...

 ANSYS Cloud
...NICE DCV, EngineFrame, Vcollab, EKM...
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14.5.7 ANSYS Structural & Fluid
Dynamics Academic Portfolio

62/163

Product/Family

IESQCHERS

ACADEMIC ASSOCIATE available
ANSYS Academic Associate 1,5
ANSYS Academic Associate CFD 1,5
ANSYS Academic Associate HPC 1

ACADEMIC RESEARCH

ACADEMIC TEACHING

ANSYS Academic Research 1,525
ANSYS Academic Research Mechanical 1,525
ANSYS Academic Research CFD 1,525
ANSYS Academic Research Autodyn 1,525
ANSYS Academic Research Electronics Thermal 1,525
ANSYS Academic Research Offshore/Marine 15
ANSYS Academic Research Polyflow 15,25
ANSYS Academic Research HPC 1
ANSYS Academic Research LS-DYNA 25
ANSYS Academic Research LS-DYNA HPC 1

ANSYS Academic Teaching CFD
ACADEMIC TOOLBOX

ANSYS Academic Teaching Advanced 5,25,50
ANSYS Academic Teaching Introductory 5,25,50
ANSYS Academic Teaching Mechanical 5,25,50

5,25,50

ANSYS Academic Meshing Tools 1,5,25
IANSYS Academic CFD Turbo Tools 1,5,25
IANSYS Academic Fuel Cell Tools 15,25

© 2012 SVS FEM spol. sr.o. November 25, 2013
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WSS Core Academic Product Levels SVS FEM

Your pariner in computing

Increased scope regarding legal terms of use

Decreasing Price

Increasing capability

=

Teaching
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WSS License Borrow SVS FEM

64/163

I partner in compuling

Available for ANSYS Academic Teaching “Structural & Fluid Dynamics” products only.
Allows one or more tasks from a multiple task license to be borrowed.

n-1 tasks may be borrowed from an n task license

Maximum borrow duration is 1 week.

Early borrow return is enabled.

MCAD connections will have the borrow capability.

The “unlimited” DesignSpace capability does NOT have the borrow capability.
Borrow is turned OFF by default.

It is turned on by request, is free & requires an End User certification form &
additional language on the license form.

e i
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WSS Workbench System Level Coupling SVS Fem

*For ANSYS Academic products, system coupling is available for the
following license combinations:

e 2 or more tasks of ANSYS Academic Research, Associate, Teaching Intro,
Teaching Advanced,
— User must switch to non shared mode under Preference settings.
— 2 tasks are consumed for each Mechanical-Fluent system coupling.

e 1 task of ANSYS Academic Research CFD & 1 task of ANSYS Academic
Research

e 1 task of ANSYS Academic Research CFD & 1 task of ANSYS Academic
Research Mechanical

* Same combinations for Associate & Teaching products. New at

14.0

*Note: System Coupling is not supported by a single task Academic
license, at least two tasks must be available to a user as described above!
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14.0 Academic Product SVS FEM
Features Table:

® http://www.ansys.com/Industries/Academic/ANSYS+Academic+Portfolio

Ind

Industries Ouverview Home = Incustries Owerview = Avademic = ANSYS Academic Portfolio
o
p— ANSYS Academic Portfolio A
AHSYS Academic Portfolio The AMSYS Academic product portfolio offers technology to address structural | Academic Solutions

Ansoft Academic Portfolio mechanics, fluid dynamics and thermal applications. The product variants are
grouped inta four sub-families: Associate, Research, Teaching and Toolbox,
Each academic product is a high-value bundle of ANSYS technology that
includes ANSYS Workbench, relevant CAD Importtools, solid madeling, Brochures

Tools advanced meshing, solver and postprocessing features.
Aerospace & Defense

See all Videos
High-Performance Computing

Best Practices
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Automative
Construction Features
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IS Student Portal Access Privileges Svs FeM
Access Level View View & Submit | Download | Download | Access | Access | Access
Technotes, Download | technical all ANSYS Student | Fluent | Ansoft
FAQ's product support | products & | Academic | Specific | USC OoTS
Knowledge | document | requests service pages
resources ation packs Student
Direct Customer ASC, YES YES YES YES NO NO YES YES
Admin, Prof, User
Direct Student YES YES YES* NO YES** YES NO YES
Indirect Customer YES YES NO YES NO NO YES YES
ASC, Admin, Prof, User
Indirect Student YES YES NO NO YES** YES NO YES
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Student Registration: SVS FEM

68/163

I partner in compuling

There is a student specific registration page & process:

During registration, students are required to identify their professor
(from a drop down selection) associated with their academic
product license, this acts as an important verification mechanism,
plus it allows us to tie registered students to specific accounts &
professors.

The drop down selection of professors is populated from our
database.

Each academic account ANSYS Customer Portal user has the option
to check “Professor” in their “My Account” settings of the ANSYS
Customer Portal.

Students from a given university will only be able to register if there
is at least one associated “Professor” in our database.

Registered students will have a user type of “Student” rather than
“Customer” and their registration will be active for one year.

© 2012 SVS FEM spol. sr.o. November 25, 2013



Student Portal Login Page SVS FEM

69/163

ur partner in compubling

e Clear differentiation between the two portals when registering.

* Login page is the same regardless.

* Once logged in the content changes to student specific

- ® i Log out
AN SYS Customer Portal

© 2012 SVS FEM spol. sr.o.

If you are a returning visitor, please provide your User Name and Password.

Ernail Address: |pau|student@mst.edu
Password: [
Login | Forgot your login or password?

Mot vet a member? Register here:

Students

.ﬁ. Customers
AMNSYS Student Po

AMSYS Custorner Partal

Probhlems:
VMiew answers to Freguently Asked Questions,
Hawing problems logging into the Custorner ar Student partal? Click here.

November 25, 2013



Budoucnost ANSYS HPC SVS FEM

« Aktualni vyvoj v ANSYSu
— HPC technologie pro etremné rozsahlé clustery/cloudy

Rovnomérny vykon mezi 100-10000 jader pro FEM i CFD

Nové reSi¢e pro FEM: Multilevel PCG, 2D parallel DSPARSE fronts
GP-GPUs pro radiaci, UDFs, DEM a dalsi CFD reSice

Hybridni distribuované/sdilené a vektorové technoogie HPC
Skalovatelnost pres vSechny komponenty a béhem celého procesu
simulace

Sit'ovani, nastaveni, resic, 1/0, vizualizace, optimalizace,...

Integrace distribuovaného paralelniho meshingu spolu s fesSicem
Paralelizace pro linearni dynamiku véetné superpoziénich metod

— Optimalizace vykonu

Dynamické vyvazeni zatéze, optimalizované mapovani zdroju, optimalizace
kompilatoru

— Pouzitelnost

70/163

Prostredi pro vice-slozkovou paralelizaci, podpora planovacu
Nastroje pro vyssi toleranci chybovosti HW, dohled a debugging
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WSS HPC soucasnost SVS FEM

Direct sparse solver — vylepsSeny algoritmus pro paralelizaci dekompozi¢nich metod (LU)
- METIS/ParMETIS

Iteracni PCG solver — paralelni odvozovani predpodmirnovacu

ANSYS Fluent - Déleni ulohy podle prenosovych charakteristik sité

ANSYS Fluent — Hybridni paralelismus (OpenMP (shared memory)+MPI (distributed))
ANSYS 14 - zkompilovan v Intel compileru — vyuziva nové AVX instrukéni sady procesorti
Intel/AMD

ANSYS 14 - zavedena paralelizace 1/0 operaci
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Advantages/Disadvantages SVS FEM

Your pariner in computing

Centralized computing with interactive

Local computing remote access

*+  Pre-processing/ solve/ post- +  Solver execution conducted on central remote
processing on local desktop HPC resource
system *  Pre-processing/post-processing also conducted

*  Files stored locally under remotely, utilizing thin client technology
individual control +  Simulation files kept centrally, so bottlenecks

* Inherent capacity limitations: related to file transfer minimized
also limits collaboration and + Limitations of local hardware minimized such as
data management the inability to post-process large files on the

local machine

+  Emerging remote access and job management
solutions enhance collaboration and data

management
Preprocessing, mesh generation Running solvers ost Processing and

and model decomposition visualization

SVS FEMWorks

Multiple Users
and Multiple Jobs

Nvidia Quadro Plex

SGI Modular InfiniteStorage

The Best of DMP and SMP in
One Cache Coherent System with One OS

73/163 © 2012 SVS FEM spol.sr.o.  November 25, 2013



HPC — virtualni cluster 2VS FEM

‘,f‘{" One core serves as head node

Workstation-based HPC cluster for analysis
and simulation jobs, running ANSYS software

Partitioned using Parallels Workstation 4.0 Extreme
and Intel Virtualization Technology Directed 1/0

74/163 © 2012 SVS FEM spol. sr.o.  November 25, 2013 Kenneth Wong ,Taming the HPC Queue, ANSYS ADVANTAGE, Volume V, Issue 3, 2011



ANSYS Remote Solve Manager  SVSFeM

Remote Solve Manager (RSM)

» Three-tiered architecture
» Client, solve manager, compute server

» Supports third-party schedulers
» LSF, PBS, MSCC

Solution Cell Update
» Mechanical, MAPDL , Fluent, CFX and Polyflow

Design Point Update :
» All design points can be packaged for solution e

via RSM.

L Y —
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IS %8 Where does RSM Fit in the workflow? SVS FEM

I partner in compuling

_® Eﬁ
q ;
tm L ; EE .
T 2 o S

Desktop Server Cluster (with 39 party scheduler)

RSM as a scheduler RSM as a transport Mechanism

e Submits to RSM itself. e Submits through RSM to a high
* Unit recognition: Jobs level scheduler such as LSF, PBS
e E.g.arun of asolver such as CFX, FLUENT or HPC 2008.

or Mechanical e Unit recognition: cores
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WWSEH Instalace a konfigurace RSM SVS FEM

Your partner in compuling

Select the product(s) ta install:

ANSYS
£ be] AMSYS, Inc. Produ

s
= 4] ANSYS Structural Mecharics

Pri instalaci ANSYSu je nutné zvolit
ANSYS Remote Solve Manager Standalone Services
& A

g 5Y5 Autodyn

. ANSYS LS-DYNA

Realize Your = ] ANSYS Fluid Dynamics

Product Promise™ ANSYS CF3 {includes ANSYS CFD-Post)

ANSYS Fluent (includes AMSYS CFD-Past)

ANSYS TurbaGrid

ANSYS PolyFiow (ncludes ANSYS CFD-Post)
st only

'S CFD-Post onl

=+ [7] ANSvS Addtional Tooks
=[] AlSYS ICEM CFD
ANSYS ICEM CFD Cren Parametric (Formerly ProjENGINEER) Interface:

[ TeamCenter Engineering
=+ ] ANSVS Geometry Interfaces

Disk Space Required (ME): 14619
Disk Space Available (MB) 193090
Note: Where supported, IGES and STEP Geometry Interfaces will be installed

<<Back Next >> Help Exit

Jako administrator:
"c:\Program Files\ANSYS Inc\v145\RSM\bin\AnsConfigRSM.exe" -mgr -svr

Nainstaluji se sluzby:
ANSYS JobManager service-"c:\Program Files\ANSYS Inc\v145\RSM\bin\Ans.Rsm.JMHost.exe"
Komunikuje na portu 8145/tcp

ANSYS ScriptHost service-"c:\Program Files\ANSYS Inc\v145\RSM\bin\Ans.Rsm.SHHost.exe,
Komunikuje na portu 9145/tcp
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Fi\aNSYS RSM Setup 9 [=]
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Use GPU acceleration (if possible) | None il
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Integrace s PBS/LSF

#! fbinfbash
#PBS -l nodes=2:ppn=12
#

#For Stoney, you must use ppn=8
#e.q. for a 16-core job:

#£PBRS -l nodes=2:ppn=8

#

#PBS -l walltime=25:00:00
#PBS -N MyCFXJobMame

#PBS -A MyProjectName

#|Load the ansys module - CFX is then accessible
module load ansys

cd $PBS_O_WORKDIR

#Create a list of available nodes for the CFX executable:
nodes="cat $PBS_MNODEFILE"
nodes="echo $nodes | sed -e'sf f.fq"

#Partition + Solve:
cfx5solve -def test.def -par-dist $nodes -start-method "HP MPI

Checking license availabality
#PBS -W x=GRES:aa_r_hpc+M

where M is the number of license tokens reguired for the job.

This job zan be submitted wsing the command

gqsub scriptname.pbs

80/163 © 2012 SVS FEM spol. sr.o. November 25, 2013
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farnRr Al

Compute Server Properties
| [
Compute Server Properties

Closter ] sam |
Compute Server Properties

General l Cluster  55H l

¥ Use 55H to communicate from localhost to a remate Linux machine

35H should be used only if required by wour IT policy, The native RSM communication
prokocol is recommended for ease of configuration and performance. Please refer ko
‘Configuring RSM to Use a Remote Computing Mode For Linuwx' before selecting this option,

~ 8

Linux Maching |skjrit.ics.muni.c2

Linuz \Warking Directory fscrateh/phkonas

Linux Account ||:|knnas

Cancel | | Help




WSS Konfigurace HPC — low level SVS FEM

T parner in compuiing

Zakladni podminkou je funkéni MPI (teinet 1ocalhost 8636 pro Platform-MPI)
Pro Workbench je podminkou funkéni RSM (RSM se musi nastavit vzdy po kazdé nové
verzi)

ANSYS krom centralizovaného reseni RSM nabizi i samostatnou podporu HPC jednotlivych
komponent nazavisle na RSM

ANSYS Mechanical APDL: "c:\Program Files\ANSYS Inc\vl45\ansys\apdl\hostsl45.ans"
CFX: "c:\Program Files\ANSYS Inc\v145\CFX\config\hostinfo.ccl"
Fluent: nosts file, Microsoft Job Scheduler

LS-DYNA: nosts file
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Konfigurace HPC pro ANSYS APDL SVS Fem

Konfigurace hosts145.ans

lobkowitz winx64 04 0 0 c:\temp MPI1 1 1

budvar winx64 04 00 c:\temp MPI 1 1 H
starobrno winx64 040 0 c:\temp MPI 1 1 ANSYS Cla SSIC
prazdroj winx64 04 0 0 c:\temp MPI 1 1 "c:\Program Files\ANSYS Inc\v145\ansys\apd/\hosts145.ans"

zasedacka winx64 02 0 0 c:\temp MPI 1 1
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Konfigurace HPC pro CFD (MPI)  SVSFem.

SIMULATION CONTROL:
EXECUTION CONTROL:

PARALLEL HOST LIBRARY: Q
1 HOST DEFINITION: starobrno
Stru ktura hOStInfo°CCI Installation Root = C:\Program Files\ANSYS Inc\v%V\CFX x
Stru ktu ra hosts y 4 fluentu’ |s-dyna Host Architecture String = winnt-amd64

Relative Speed = 11.94
Number of Processors =8
END # HOST DEFINITION starobrno

Lobkowitz HOST DEFINITION: lobkowitz

SB:a(i\;Zrmo Fluent’ LS-DYNA Installation Root = C:\Program Files\ANSYS Inc\v%v\CFX
Prazdroj e Host Architecture String = winnt-amd64

zasedacka Relative Speed = 11.94

Number of Processors =8
END # HOST DEFINITION lobkowitz
HOST DEFINITION: budvar
Installation Root = C:\Program Files\ANSYS Inc\v%Vv\CFX
Host Architecture String = winnt-amd64
Relative Speed = 11.94
Number of Processors =8
END # HOST DEFINITION budvar
HOST DEFINITION: bernard2
Installation Root = C:\Program Files\ANSYS Inc\v%Vv\CFX
Host Architecture String = winnt-amd64
Relative Speed = 11.94
Number of Processors =8
END # HOST DEFINITION bernard2
HOST DEFINITION: prazdroj
Installation Root = C:\Program Files\ANSYS Inc\v%Vv\CFX
Host Architecture String = winnt-amd64
Relative Speed = 11.94
Number of Processors =8
END # HOST DEFINITION prazdroj
END # PARALLEL HOST LIBRARY
END # EXECUTION CONTROL
END # SIMULATION CONTROL

1122:04unsoy\3yuod\X4D\SHTA\IU| SASNV\S3|14 wesdoid\:d,,
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Optimalni nastaveni tlohy e Sy
pro HPC (MPI) - tunning

Interconnect prot.: Ib, dapl, tcp, shm:dapl, ofa, tmi, ofed

* HP-MPI
* Message latency and bandwidth (MP1_Pack, MPI_Unpack, MPI_ANY_SOURCE, MPI_Recv_init, MPI_startall,
NUMA,...)

* Multiple network interfaces (MPI_TOPOLOGY, R-server, K-server,...)
* Processor subscription (optimalizace komunikace s planovaci RSM, PBS, LSF,...)

* MPI routine selection (multilevel parallelism, process placement,...)

— http://www.ncsa.illinois.edu/UserIinfo/Resources/Hardware/CommonDoc/HP/M
PlI/3 understand.html

* Intel MPI

* MPI profile (I_MPI_STATS, |_MPI_STATS_SCOPE)

* Interconnect (I_MPI_FABRICS, |_MPI_ADJUST REDUCE, |_MPI_DAPL_SCALABLE_PROGRESS,...)

* Layout (I_MPI_PERHOST, |_MPI_PIN_PROCESSOR_LIST,...)

* MPI/OpenMP (OMP_NUM_THREADS)

* Connection mode (I_MPI_DYNAMIC_CONNECTION, |_MPI_WAIT_MODE, |_MPI_SHM_BYPASS,...)

— http://www.rz.rwth-aachen.de/global/show document.asp?id=aaaaaaaaaacfigd
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NWSCHE Intel MPI SVS FEM

ANSYS Fluent 12.1.2 truck 14m — IB+shm e
3 — *Intal® MP1 Library 4.0 options
1,25 -genv |_MPI_ADJUST_REDUCE 2
-geny |_MPI_ADJUST_BCAST O
12 =genv |_MPI_DAPL_SCALABLE_PROGRESS 1
1,15 N IntelMP1 4.0 *Fluent banchmark
11 Truck_14m
1,05
1 4 Hardware Configuration:
*|mterconnect: InfiniBand, ConnectX adapters: QDR
0,95 - *CPU: 2. 93GHz BO-step Wastmare Dual procassor
0,9 (6 cores per processor)
0,85 - N Intel MPI 4.0 *RAM: 24Gb per system, 1333MHz (0.8ns) DDR3
DAPLUD
08 T T
24 procs 48 procs 96 procs 192 procs 384 procs
L—
Reduce_scatter
70
8
860
]
= 50
]
E algorithm
40 _
V30 — -
§ —
=20 —
g —5
8 10 —— =—Tuned
3
D L
Message size 4 8 16 32 64 128 256 512
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Velikost uloh pro efektivni vypocet

SVS FEM

I partner in compuling

» Direct sparse: zavisi na nejvetsi velikosti vstupni fronty: GPU je efektivni pro
ulohy od ~1M DOF do ~8M DOF pro 6GB Tesla C2075 or Quadro 6000
* Iteracni solvery: zavisi na velikosti paméti GPU: GPU je efektivni pro ulohy od

~1M DOF do ~5M DOF pro 6GB Tesla C2075 or Quadro 6000

HPC+GPU 1k-10k DOF rychlejsi Sparse

10k-100k DOF Sparse i PCG podobny vykon
>100k DOF rychlejsi PCG (méné |0 operaci)

S
Q eGP ARSE
== P CG
Workstations with
p - Tesla GPUs )
Il. ll. m [ sgi
lenovo
- Denoun . SUPERMICR®
N~ PADOVA sicroway
Workstations GM‘X
| Existing System
S - Tesla C2050 (3 GB)
1,000 10,000 100,000 1,000,000 - Tesla C2075 (6 GB)
DO F New System Purchase
« Total 6-8 CPU cores
« Disk with minimum 500 GB
. . . « Tesla C2075
Pierre Louat , HPC Technology for Structural Simulations, 2012 Sales Conference + Quadro 2000 for pre/post
.y g —-OR -
Theme and Team Building, France 2012 - Quadro 6000 (6GB)
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Servers with Tesla GPUs

[

sg| “@ cmay

Bl SUPERMICR®

F&MUATFORNG

Servers

Existing System
» Tesla S2050 (12 GB or 3 GB/GPU)

New System Purchase
« Total 4 CPUs, 6-8 CPU cores each

» Total 4 x16 PCle (one for each GPU)
» Total 96 to128 GBs of CPU memory

» Disk with minimum 2000 GB (scratch)
= Tesla M2070 or Tesla M2090

NVIDIA Inc. http://www.nvidia.com



WSS HPC+GPU4+SSD SVS FEM

Solution Time for ANSYS Mechanical Modal
Analysiz with Block Lanczos Eigensolver

45000
SED0 Scalability of Distributed ANSYS Simulation
40000
4000
35000
s £ HDD
z £ 25000 u -
a2 E 55D
iE
[= a 20000
-g E
B 2 15000
w
T
ke 10000
5000
o
1 Gore 2 Cores 4 Cores B Cores Using 1 Core
Considerable 'O was performed in an analysis requiring about 30 GB of disk space to For this study, approximataly 1 million
run the ANSYS distributed sparse solver on a workstation containing only 24 GE of RAM. degrees of freadom (DOF) were analyzed for
The reduced seek times for the S50 significantly improved 10 performance, thus helping 200 frequencies. Elapsed times are compared
to shorten solution time as more cores are involed. for simulations on a workstation having two
file systams: ona with a single SCSI 10k rpm
hard disk drive, another with four Intel® X25-E
64 GB SATA S5Ds.
88/163 © 2012 SVS FEM spol. sr.0.  November 25, 2013 Pierre Louat, HPC Tth!vology for Structural Simulations, 2012 Sales Conference
Theme and Team Building, France 2012



Kepler GPU Architecture for ANSYS SVS FEM
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Features Tesla K20

GPU Architecture Kepler

DGEMM performance > 1000 Gigaflops

Memory bandwidth > 200 GBytes/sec

Memory size (GDDR5) 6 GigaBytes

CUDA cores > 1000

Available in HP Z8xx
["E MAXIMUS Workstations -2t€ 2012

© 2012 SVS FEM spol. sr.o. November 25, 2013
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Tesla C2075

Fermi (

370 Gigaflops

150 GBytes/sec

6 GigaBytes
448

Today


http://www.google.com/imgres?imgurl=http://pictures.directnews.co.uk/liveimages/HP_1186_19853592_0_0_4655_300.jpg&imgrefurl=http://www.comms-express.com/news/server-racks/hp-announces-new-server-rack-options-19853592/&usg=__d7oCKaMntAIg5JIwN3Nf2S_muyg=&h=300&w=300&sz=44&hl=en&start=90&zoom=1&um=1&itbs=1&tbnid=UKQc_e__xhRksM:&tbnh=116&tbnw=116&prev=/images?q=hp+proliant+390+server+images&start=72&um=1&hl=en&sa=N&ndsp=18&tbs=isch:1

FIS& GPU Acceleration Enhancements

* Targeted hardware

* NVIDIA (-acc nvidia)
* Tesla 20-series cards are supported (Fermi)

* Quadro 6000 cards are supported (Fermi)

* Quadro K5000 cards are supported (Kepler)

* Quadro K6000 cards should be supported (Kepler)
* Not formally documented or tested, but expected to work

* Next-gen Tesla series cards should be supported (Kepler)
* Not formally documented or tested, but expected to work
* Tesla K10 cards good for the PCG/JCG iterative solvers only

* Tesla K20 cards good for all equation solvers

13 © 2011 ANSYS, Inc. January 24, 2013
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Understanding the effect of clock speed

Impact of CPU Clock on Application Performance
Processor: Xeon X5600 Series
Hyper Threading: OFF, TURBO: ON
Active cores: 12/node; Memory speed: 1333 MHz

(performance measure is improvement relative to CPU Clock 2.66 GHz)

1.40
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1.30

1.25
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1.15

1.10 =~
1.05

1.00 -

Improvement due to Clock

0.95 -
0.90 -
0.85 -

0.80 -

Clock Ratio eddy 417K aircraft_ 2M turbo_ 500K sedan_4M
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Understanding the effect of clock speed

SVS FEM

Your pariner in computing

T 283GHz 1333MHz W 2667GHz 1333MHz B 2.8GHz 1333MHz B 2.93GHz 1333MHz
DIMM QDR IB DIMM QDR IB DIMM QDR 1B DIMM QDR IB

112

i

Vi2¢g-1  Vi2eg-2 WVi2egd Vi2ind Vi2sps1  Vi2sp-2 Vi2spd Vi2sp4

"~

—

Effect of increased core operating frequencies on the DMP

benchmarks running on 8 cores

Influence is highest for sparse solver benchmarks
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ANSYS Understanding the effect of memory bandwidth

X5570 quad-core processors have higher
performance per core than X5670 six-core

SVS FEM

Your partner in computing

processors since X5670 share more resources

& .X5570
& ¥ o YD W x5670
,s\‘ Q,b £ & © &\‘}

Relative performance for 24-way runs: three
X5570 nodes, two X5670 nodes
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16 of 16 cores used in 2 X5570 nodes
16 of 24 cores used in 2 X5670 nodes

a0 10000
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[
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INYS%8 Turbo Boost (Intel) / Turbo Core (AMD) SVS FEM

ur partne III.I.I'II|'|II 1T

e Turbo Boost (Intel)/ Turbo Core(AMD) is a A
form of over-clocking that allows you to give o C )
.o o o : : —
more GHz to individual processors when @ e ||| |10 || e = |[es
A = glle|lel e e
others are idle. o sl&lsle S8
H ) . ul: L 1l |
e With the Intel’s have seen variable All cores operating, Higherfrequencies
. . . at rated frequency possible when
performance with this ranging between 0- using fewer cores

8% improvement depending on the numbers
of cores in use.

* The graph below for CFX on a Intel X5550.

AMD TURBO CORE TECHNOLOGY | Base, All Core Turbo and Max Turbo

) . i
:I'hls only sees a maximum of 2.5% [ ][]
improvement.

il

- =1
— Idaal

#-with TurboBoost

Speedup

= without TurboBoost

16 | “Zambezi” Tech Preview | Under Embargo Unts October 12, 2011

Number of Cores
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Turbo Boost (Intel) SVS FEM
Number of Elapsed Time - | Elapsed Time - |Speedup due
e Cores Rlade Turbo Off Turbo On to Turbo On
Sparse 1 SMP 299 213 1.40
2 166 124 1.34
4 121 103 1.17
1 DMP 296 210 1.41
2 179 137 1.31
4 139 117 1.19
PCG 1 SMP 299 231 1.29
2 207 169 1.22
4 186 155 1.20
1 DMP 301 232 1.30
2 221 186 1.19
4 180 149 1.21

95/163 © 2012 SVS FEM spol. s r.o.

PCG model: 1.56 M DOF

November 25, 2013

DELL M6600 17 2820 @ 2.29 GHz
Sparse model : 0.34 M DOF

Recommendation: Activate Turbo Boost



WSSl Understanding the effect of memory speed SVS FEM
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We can see here the effect of
memory speed.

This has implications on how
you build your hardware.

Some processors types have
slower memory speeds by
default.

On other processors non-
optimally filling the memory
channels can slow the memory
speed.

© 2012 SVS FEM spol. sr.o. November 25, 2013
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Impact of Memory Speed on Benchmark Speed
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WA Understanding the effect of memory speed
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We can see here the effect of
memory speed.

This has implications on how
you build your hardware.

Some processors types have
slower memory speeds by
default.

On other processors non-
optimally filling the memory
channels can slow the memory
speed.

© 2012 SVS FEM spol. sr.o. November 25, 2013
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Impact of DIMM speed on ANSYS/FLUENT Application Performance

(Intel Xeon x5670, 2.93 GHz)
Hyper Threading: OFF, TURBO: ON

Active threads per node: 12
(performance measure improvement is relative to memory speed of 1066 MHz)

eddy_417K turbo_500K sedan_4M

ANSYS/FLUENT Model

aircraft_2M truck_14M

SVS FEM
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Hyper-threading — ANSYS Fluent

98/163

Hyper-Threading Technology makes a
single physical processor appear as
two logical processors.

This is not the same as physically
having two logical processors and does
not give double the speedup.

In our tests we’ve seen as high as a
20% increase in performance although
you can see the actual performance
can be quite variable from the graph
opposite.

It is worth noting that this has
licensing implications as you would
need to oversubscribe the physical
cores and hence would need double
the HPC Licenses.

© 2012 SVS FEM spol. sr.o. November 25, 2013

Improvemet due to Hyperthreading .

1.10

1.05

1.00

0.95 -

0.90

SVS FEM
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Evaluation of Hyperthreading on ANSYS/FLUENT Performance
iDataplex M3 (Intel Xeon x5670, 2.93 GHz)
TURBO: ON
(measurement is improvement relative ot Hyperthtreading OFF)

O HT OFF (12 threads on 12 physical cores) B HT ON (24 threads on 12 physical cores)

eddy_417K turbo_500K aircraft_2M

ANSYS/FLUENT Model

sedan_4M truck_14M




NWSCSHBHYyper-threading — ANSYS Mechanical
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In our tests we’ve seen only a 2%

increase in performance although
you can see the actual performance

can be quite variable .

It is worth noting that this has

licensing implications as you would
need to oversubscribe the physical

cores and hence would need
double the HPC Licenses.

© 2012 SVS FEM spol. sr.o.

Hyper-threading is NOT recommended

November 25, 2013
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WSS AMD vs. Intel R —

Higher is Better Computational Fluid Dynamics
Application Using FLUENT 13 from ANSYS, Inc.

50 ;

4
4.0 ‘
* These are the published figures from 35 |
. 3.0 |
v13.0 for FLUENT. Notice the results here . |
are per node not per core. sl 2300 =7
i : :; I (0'759@ 0.46 (500%) (461%) |
) I . N . 0 {1289 %
* In this case this for the 8 node job thisis o5 o
192 cores vs. 96 cores. It does not state if ™ 1 2 a 8
. o Nodes
SMT (hyper-threadlng) is used here. FLUENT 13 from ANSYS, Inc., truck_poly_14m
Clustered Two-Socket Server Comparison
° Below is a CFX jOb run on the Slightly | AMD Opteron™ Processor Model 6180 SE (12-core 2.5GHz) ($1514)
slower AMD 6140 and in comparison to M Intel Xeon Processor ("Westmere") Model X5690 (6-core 3.46GHz) ($1663)
the 5670 (2.93GHZ 5.8 GT/S QP' rating). It Wall clock minutes per number of partitions/cores - CFX
] 13.0
also only has 8 cores instead of the 12 the
6180 has.
* We can see that the AMD 6140 requires a .
1/3 again the number of cores to keep _— ~ e 0 062V
° N'.ll'l:?n :trens f‘;’: e :c:c \
pace WIth the Intel x5670. separate simulation A\\ —ﬂ—é.ezor\r’;igz[e)iﬂ«cfromBcperprocessor)
100 ——A —— Xeon 5670 (6c from 6c per processor)
* This is consistent with the above FLUENT = .
results.

100/163 © 2012 SVS FEM spol. sr.o.  November 25, 2013 0 4 8 L % U BN B
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WA Comparing 2 socket vs. 4 socket systems

SVS FEM
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* Current 4 socket systems come up slower than their 2 socket counterparts
(based on Intel Westmere vs. Xeon E7-8837).

* Clock speed slower

* Memory speed slower

* No additional memory bandwidth.

Performance of ANSYS Fluent on two-socket and four-socket based systems

Performance measure is Fluent Rating (higher values are better)

2-socket based Systems

(Xeon 5600 Series)

IBM HS22/HS22V Blade, 3550/3650 M3, Dx360 M3

4-socket based Systems
IBM HX5 Blade, X3850
(Xeon E7-8837 series)

Nodes Sockets Cores FIu?nt Nodes Sockets Cores Flut.ent
Rating Rating
1 2 12 88 1 2 16 96
2 4 24 173 1 4 32 188

101/163
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ANSYS Comparing 1 node vs. 2 node for 4 socket system

e Comparison with equal number of cores between:

Locally distributed solution (all cores on the same mother board)

Distributed solution over 2 nodes (with a 1 Gbit network)

SVS FEM

ur partner in compuling

Performance of ANSYS Mechanical on one node and two node based systems
Performance measure is elapsed time (lower values are better)

1 Node 4-socket based Systems
Dell R910 4 socket X7560 @ 2.26 GHZ

2 Node 4-socket based Systems
Dell R910 4 socket X7560 @ 2.26 GHZ

256 GB RAM 256 GB RAM
M DOF Solver Cores Ela-psed M DOF Solver Cores Ela.psed
Time Time
12.3 PCG 12 1159 12.3 PCG 6+6 952
1.54 Sparse 12 1595 1.54 Sparse 6+6 1558

Conclusion with a same number of core :

. PCG solver works better on multiple-node configuration
. Performance of sparse solver is less sensitive for multiple-node configuration
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LWVSAE Understanding the effect of the interconnect SvS FEM

Your partner in computing

° When going for multiple systems ' ANSYS/FLUENT Performance
i . iDataplex M3 (Intel Xeon x5670, 12C 2.93 GHz)
linked together the interconnect Network: Gigabit, 10-Gigabit, 4X QDR Infiniband (QLogic, Voltaire)
a Hyperthreading: OFF, TURBO: ON
becomes an important factor. Modele: fuck_ 14
° The interconnect is the fabric that B QLogic M Voltaire M 10-Gigabit ® Gigabit
5000
connects the nodes. 1

* We can see from the graph opposite 4000
with FLUENT how quickly the

performance of Gigabit Ethernet 3000

FLUENT Rating

drops off.
2000
1000 I
o | e - - ‘ . ‘ ‘ ‘
48 96 192 384 768

12 24
Number of Cores used by a single job
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WSS Understanding the effect of SVS FEM

interconnect bandwidth

ower is
500 <— Better —

—~—

W Vi2eg1 MVi2cg2 [ Vi2eg3 M V42in4  [Elapsed
B Vi2sp-1 0 Vi2sp-2 M Vi2sp-3 0 Vi2sp4 seconds

- pe”
-

450 .
400
350
300
250
200
180
100
50

16 GigE 1618

 Effect of interconnect bandwidth on the DMP benchmarks
running with 16 MPI processes across 2 nodes

 Higher bandwidth most relevant for sparse solver benchmarks

104/163 © 2012 SVS FEM spol.sr.o.  November 25, 2013



WSSl Disks/Storage SVS FEM |

* IDE, SCSI, SAS, SSD

Faster

RAID setups
RAID 0 - for speed
RAID 1,5 — for redundancy

Parallel File Systems
* Only required for large clusters
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ANSYS CFX Partitioning ava.FEM,

Optimize parallel partitioning in multi-core
clusters (CFX)®
* Partitioner determines number of connections

between partitions and optimizes part.-host
assignments

Partitioning step finds
adjacency amongst
partitions; partitions
with max adjacency
are grouped on same
compute nodes

* Re-use previous results to initialize P1| |P3 P2| |P7
calculations on large problem (CFX) B
. : i P P P4| |P
* Large case interpolation for cases with >~100M > ° 8
nodes Compute Node 1 Compute Node 2

Clean up of coupled partitioning option for

multi-domain cases (CFX) R13: Isolated partition ‘spots’

Eliminates ‘isolated’ partition spots "4 N

Dramatically reduced partitioning times for cases
with fluid-solid interfaces and very large numbers of

regions R14: No isolated spots
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NANSYS

67

Fluids 1/0

FLUENT, CFX and AUTODYN use a “singular”
file structure.

* This means there is one global set of files and
every process writes to them.

This methodology falls down at a large
number of cores where the file I/O becomes
a bottleneck.

* CFX deals with this by using inline compression
(cdat)

®* FLUENT has both inline compression (cdat) and
at vl2.x introduced support for a Parallel File
(pdat).

Parallel file system support in ANSYS
FLUENT

— ~10x - 20x speedup for data write

— Eliminates scaling bottleneck for data

intensive simulations on large clusters (e.g.,
© 2¢ransient flowrsy s 2012
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Fluids 1/0

Asynchronous I/O for Linux Fluent
Total write time 3-5x quicker over NFS

SVS FEM

Our partner in co

Even larger speed-ups on bigger cases and local disk (up to 10x)

217s e
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ON
OFF
ON
OFF
ON
OFF
ON

mputing

=
/nfs/shefnsr/homel/homes/awade/* . {cas,pdatd®
Files
iy 5 3
it Jdhlock-ascii.cas

62s

el/homesawadesaieny,

el/homesawade/ aien
1 1 3 S el/homefawadel aien
el/homesawade/ aien:
el/homesawade/ aien

_feaz.011.0_cache
v_feaz.012.0.1_cache
w_feaz.012.0_cache
w_feaz.01Z.1_cache
v_feaz.0_wh11.0_cache

Jdblock-flop-coupled.cas
3dblock-lop-dbns.cas
3dblock-flop-rng.cas
Jdblock-flop.cas

8 el/homelawades ansys 4 7
S ] ] [N i
207 J7 Write Binary Files

S = Optimize Using Asynchm@

Case/Data File
755 test.cas.gZ

144s o |

Filter

10s




a Optimalni nastaveni ulohy
ANSYS SVS FEM
IIIIIIIIIIIIII F)Ir(:’ I_II:'(:: F:IEE'\,I Your pariner in computing

Mechanical APDL // Performance Guide

SPARSE: obecné 3D, bazové fce vyssiho stupné > vhodné;jsi pro GPU (vyjimka modalni analyza)
PCG: Low Level difficulty > vhodnéjsi pro GPU

SMP: max do 8 jader (nejvyssi efektivita pti vypoctu na 4)

DMP: u FEM nejefektivejsi do 32 jader, pouzitelné maximum 128, u CFD dobra skalovatelnost az do 1024 jader, ale lze pouZit az do
3072 jader

In-core: optimalni rezim vypoctu v RAM (oproti out-of-core = swap file). In-core Ize vynutit spravnou alokaci paméti
Ansysl45 -m ### —-db ###
Nebo pomoci pfikazu: BCSOPTION, , INCORE ptrip. DSPOPTION, , INCORE

Pro FEM maximalizace 1/O -> RAIDO + >4x SSD/SAS, propustnost >500 MB/s, Ize si pomoci s RAMDiskem (linux). U clusteru je
vhodné lokalni 1/O storage pro kazdé PC.

Pro CFD maximalizace sitové propustnosti, propustnosti RAM/bus, fragmentace sité, nastaveni MPI

RAM (in-core, FEM):
SPARSE solver: SMP =» 10GB/1mil DOFs, DMP =» 10GB/1mil DOFs * 1/#cores (BCSoption, DSPoption)
PCG solver: SMP =» 1GB/1mil DOFs, DMP =» 2GB/1mil DOFs * 1/#cores (PCGOPT,LevelDiff; MSAVE,on) (vy3si Level = vice RAM/rychlejsi)

Block-Lanczos: SMP =» 15-20GB/1mil DOFs (MODOPTION,BlockSize) (vétsi blok = vice RAM/rychlejsi)
PCG-Lanczos: SMP =» 2GB/1mil DOFs, DMP =» 3GB/1mil DOFs * 1/#cores (PCGOPT,5; MSAVE,on) optimalni pro vypocet pfes vice uzli v non-shared mem.
Supernode: SMP =» mezi Block a PCG Lanczos (SNOPTION,BlockSize)

Kontakty: redukce pomoci CNCHECK,TRIM
Redukce p¥i spojovani souborti po DMP vypoétu: DMPOPTION (specifikuje, které soubory se maji spojit — RSM, EMAT, ESAV,...), COMBINE/RESCOMBINE

Metody doménového déleni: DDOPTION,GREEDY/METIS
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Optimalni nastaveni Glohy A AR
pro HPC CFD (Fluent)

* Nastaveni déleni domény:
— Parallel - Auto Partition (15 metod)
— Parallel - Partitioning and Load Balancing... (manualni)

& Partitioning and Load Balancing,

Method

Cvlindrical Theta-Coordinate

Optians l Optimizatian] Weightingl Cynamic Load Balancing] Zones EE=
Fluid-plenumi
Mumber of Partitions | » [a] Fluid-plenumz
[r] Fluid-duck
Reparting Yerbaosity [ E*}
Across Zones
Reordering Methods Registers EE

hexahedron-r0

{*) prchitecture fware
) Reverse Cuthil-Mckee

[Print Active Partitions ] [Print Stored Partitions ] [Use Stored Partitions ]

[Set Selected Zones and Registers to Partition ID ] | 0 {:}

[Partitinnl [Reorderl [DeFauItl [ Close l [ Help l
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Optimalni nastaveni tlohy SVS FEM
pro HPC CFD (CFX)

Pro reseni jedné ulohy se snazte pouzivat stroje s podobnym vykonem

* Vyhnéte se pouzivani swapovaciho souboru
* Pouzivejte rychlou sitovou konektivitu (1Gbps/Infiniband)
* Inifiband je podporovan pouze pres Platform-MPI

* Pred spusténim ulohy zajistéte dostupnost uzli (nesmi byt sdilené jinou
ulohou)

* Vyhnete se pridelovani vétsSiho poctu vlaken nez je pocet jader

* Pouzivejte ,rozumny” pocet partitions. Orientacné pocet part.~=pocet
jader
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Monitoring-Ganglia

SVS FEM

Your partner in computing

iProjects Funning

‘rojects HEP-SPEC

2.0k

1.0k

0.0

B pr_alice
B pr_auger
W pr_other
O pr_star

Running jobs in total - projects - day

HEP-SPEC used in total - projects - day
20 k

Mon 00:00 Mon 12:
W pr_atlas
@ pr_do
O pr_solid
@ Job slots

Mon May 10 14:28:09

- 0
oo Hon 00: 00 Mon 12:00
W pr_alice W pr_atlas
B pr_suger B pr_do
W pr_other O pr_solid
O pr_star

2010

Mon May 10 14:28:18 2010

i'ls}ojects Qﬁeue 4

7 [Pfojects HEP.SPEC i';erc'entage

lWamngIobs
Waiting jobs in total - queues
-
30 |
20 |
104
o ") e (B8 S T
Mon 00:00
Mon May 10 14
Exnting Jobs

Lait
BEatter. s 50 .o
B UL intes, ¥ WX s
| ] 13.% ”w
2 9C 10,3
. e
BT W
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Queued jobs in total - projects - day HEP-SPEC used in total - projects (%) - day Exiting jobs in total - queues
100
2.0k 80
60
1.0k 40
20
0.0 0
Mon 00: 00 Hon 12:00 Mon ©0: 00 Mon 12:09 Mon 00: 60
B pr_alice M pr_atlas B pr_alice W pr_atlas
B pr_auger @ pr_do M pr_auger @ pr_do Mon May 10 14
W pr_other O pr_solid W pr_other O pr_solid
B pr_star 0 pr_star
Mon May 10 14:28:26 2010 Mon May 10 14:28:17 2010
fCooling {Aqua Cooling [:Ezrors
ooy el - T day ol b B A Errors in total - queues - d
i 19
5
0

Mon 00:00

Mon May 10 14
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HEP-SPEC used in torque -
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i0
60
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40
30
20
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o

B pr_alice
B pr_atlas
B pr_auger
@ pr_do

B pr_other
O pr_solid
O pr_star

Week 15 Week 16
[ assigned

W activated
W transferring W finished (12hrs)
Generated by TRIUMF-LCG2 (times in UTC)

Week 17

[ holding
O failed (12hrs) ’
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SYS Realize Your Product Promise™

ANSYS Cloud

NICE DCV, EngineFrame, Vcollab, EKM

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

SVS FEM

Your partner in computing



Interaktivni vzdaleny pristup - Cloud

WL

Mobile
User doing
“Full Remote
Simulation”

A

Simulation
Portal

l -

*Launch application
*Access data
*Monitor job progress
*Remote graphics

SVS FEM

Your partner in computing

Remote 3D
Visualization

4

Remote HPC Resource(s)

I Pre / Solve / Post / EKM

T )
A
Remote 3D Data
Visualization Storage
Server

* Soubory jsou vyhradné jen na HPC prvcich — efektivni a pokrocila sprava dat, spoluprace

* Cela simulace probiha zcela ve vzdaleném rezimu (Pre/Solv/Post)

* Dostupna a plné implementovatelna technologie soucasnosti (u téch nejnaroc¢néjsich)
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IYSa8 Simulace online

SVS FEM

Your partner in computing

An automated web-based application for field engineers

l) Open web-browser

4) Receive E-mail
notification with the
link to the HTML Repo

—>

2) Login into EKM

3) Open the Application and Request the Analysis

- Moo Gt o b podhil
Pt ey, 24 Bods

and Simulation Results

*Select the Eguipment

*Write a Case Description

sSet Material

*Set Dimensions

*Set Operatiz

*Define Design Restri

LaTal A Anaa ARIevre 1o At mamo LA Anaa
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5) Open the
report in the
browser and
analyze the
results and
make decisions.
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Implementace EKM

¥iYEKM Desktop

File Settings Wiew Help

SVS FEM

I'!IIBIUF Lk ariner in LI.1I]'IF'|ll[IIl1.._

4= = Back - | = Farward = | 'ﬁ} Up || Address: I,l'Repcusitu:ury,l’scratch

e =

Repositories

i3 Catalog Repository

E1-45¥ My Home

213 Repository

\ el conenlbanc
HE - Y o )

@' Europe Repository

d @' India Repositary )
- @ Iy Home

EI ’{ﬂ Repository

~[I7] Mech Container

\\ .. [ Mechanical Cakalog/

L My Local Repository
E-45¥ My Home
EI@ Repository

(# [ DP-Linked020_Files

@ Simulation
- 4@ My Home
=" 23 Repository
= 'iﬂ Mech CAE -Project Phantom
i B %ﬂ Fly High
----- |:| Images and Animations
----- |:| Reference Documents
----- +[[7] Results and Reports
I L[] Simulation Files
|:| ‘WarkFlaowes

J

= ] =]
Q I LI Search || Advanced Search |
S i! = I
S Mew | 0 Delete | Edit | Report ~ | ), Search a‘Advanced Search
Gloms I SiED I Add folder (53 1o search in
[ tent.dat 4KE EKM Obj =
) nzg10f3x.inp 12KE Abaqus W”’
airfail.cas Simulation Details Report 22KE Simulatid |/Repository (Europe Repository)
T brnc.pdf 25KE Adobe 4 [/Repository (Catalog)
I\ DP-Linked020_dpS.whpi 62KB Workbe fRePDS!'DrV (Indiz 'REPDS'mr_Y)
2 05_1_HFS5_UHF_PRPOEE.hfss &7k ansoft | & epus!m (M_V LDE‘?' Repository)
/Repository (Simulation )
M\ DP-Linkedozo_125-30k.wbpi 74KE Workber
._f_!,- DP-Linked0z0.whpj 77EE Warkber
=5 blowmold, dat 118KE POLYFLY
[ bulkhead.Fos 123KB EKM Ohjsct 8i2/10 9:34:17 PM roat
[ cIT_CF=o0z.cfx v. . , o , , nok
Y e * Pfipojeni rlznych datovych .
airfoil.cas Zd roj G ok |
T LhG.pdf Mot
airfoil, dat ;. , , , poik
A fic.rst * Prohledavani celé globalni L. =l
List | Properties . a
Lt | Propertic=) struktury na jeden klik
= E X
Search Results: 50 [ @ &3
Path Size Type Date... Maod..
Catalog Repository) RepositoryPreSale Catalog/PreSale Example-08,/Simulation Files... 158KE Workbe.., [2/21/... rooft rS
q Fep ¥ P ¥ 2 P
Catalog Repository) RepositoryPreSale Catalog/PreSale Example-08,/Simulation Files... 174kKB\Workbe.., 2;“21,”... roof —
0 Fep i P ¥ 2! P

107KR Workbe... 2/21/... svbhide

{Simulation) Repository Miarkbench projects/Leap/parameter_set_dp2.whpj 100KE viarkbe, . 1EI£1EI... svbhide

(5|mulat||:|n} fRepn:umb:an‘u‘dDrkhenl:h prD]ectsteap,fparameter st dp? whpj 185KB Workbe, ., [10,/13... |svbhide
4AKRinrkhe.. 110487 |svbhide |

Connection: Simulation@http: ffcanglzpsybhide  win. ansys, com: 3080 User name: svbhide Workspace: Sinmulation




ENS@&HOnline vizualizace vysledku

{2 GraphicsCard.rst - ANSYS EKM - Windows Internet Explorer

Folders T Delete  [2f Edit =] Report g3 Download .2 Display [ Create Shortout Gl |
pplications T B X = = File Settings View Help
= {2 My Home 4= Back v F Up = Address: /Repository/Large CAE Files/GraphicsCard.rst
My Dashboard
. %M:: Ciata Folders T Delete [ Edit £=] Report & Synchronize A% Download
2 My Processes ~ i:p::am“ leE | Xe 8 w1aa
T My Recydle Bin dM;E:shbuard
55 My Work Ttems = My Dats Displacement L1M1 Translational Magnitude
= €Y Repository 2 My Processes ax ?‘52?:; 7563 = 159.046, Min 3t Node # 7572 = 0.000
CAANSOFT Designer Projects & My Recycle Bin 145.443
m CAANSYS Projects &% My Work Items 137.840
= €3 Abaqus Projects = Sl Repesitory T
EAABQLY [EJ ANSOFT Designer Projects 106.031
S ABQ2S [ ANSOFT HFSS Projects 95427
. 84524
[ Autodyn Projects “ gi:svs meje{!: b
- Baooe spameaon Do ot
= [ DOE-Cptmizaton ) CAE Data = 42412
= CAFluent Projects = [ Dats Mining E
= CdFuselage Assembly = CAET 10,603
CAGAMBIT Files = £ Engine =0
[OGeometry Files % [ Fan Scroll
= CImages & [ FlangePlugin

= [AMixing Flow Pattern Analysis
SIMastran Projects

@ [JPressure Wessel
CASimulation Documents

= [ Tablet Compression Analysis

= LA Thermal Chip Co-Design

= [ Transmission
CuUpload

= O Workbench projects
A workflows

= O Worldeup Files

=l ¥ System

SVS FEM

Your partner in computing

2 Display A Create Shortcut [ Email Link @ Help

& [ Fluent Projects
[ Fluid-CFX
[ GAMEBIT Files.
[ Geometry Files
& ) Images
[ Ls-Dyna Projects
rge CAE Fil
[0 My Saved Queries
[ Nastran Projects
EpAD
[ Polyflow Projects
% [0 Pressure Vessel
[EJRCS Doc
& [ Run ANSYS MAPDL with Compute C
& [ Run Fluid Analysis in Batch Mode

Number of Nodes:45372
Number of Elements:10134
Madel File Size:113.875 MB
Madel File:GraphicsCard rst
Frequency:171.606
Category:vibration

D e |y

VCollab

VCollab

& [ Run Fluid Analysis with Compute Ch _

Image | Properties | Dependencies | Permissions

File Settings View Help

Tu ~

= Back v

Folders [
pplications
= €y My Home
(@) My Dashboard
% [ My Data
2 My Processes
B My Recycle Bin
£, My Work Items
3 Repository
() ANSOFT Designer Projects
) ANSOFT HFSS Projects
4 [ ANSVS Projects
%) [ Abaqus Projects
) Autodyn Projects
4 (] Bone Indexer
41 (] Bone Morpher
[E0 CAE Data
4 [ Data Mining
« [ET
% [ Engine
+ [ Fan Scroll
= () FlangePlugin
4 [ Fluent Projects
[0 Fluid-CFX
) GAMBIT Files
fefGeometoy Files |
5 [ Images
[E3L5-Dyna Projects
[0 Large CAE Files
2 My Saved Queries
[£) Nastran Projects
EIPAD
[ Polyflow Projects
4 [ Pressure Vessel
[EARCS_Doc
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2 2 Run Eluid Anahvsic in Rateh Made

Content

Address: /Repository/Geometry Files/Part2.CATPart

Image | | Properties | | Dependencies | | Permissions | | Content

User name:svbhide CPs . \

Q Search v Advanced

~ | Go

@ Delete [2fEdit {=]Report M Download 2 Display [3) Create Shortcut [ EmailLink @ Help

=K

+ 3 Run ANSYS MAPDL with Compute Clust

X @ & & BT

X

LN

- =» I
VCollab

Image | | Properties Workspace:Simulation

User name:svbhide

Dependencies | | Permissions | | Content

User namersvbhide  Workspace:Simulation



IS @ Rizeni projektu SVS FEM

Your |JI[|]ILI in I_I.|I1I|'|II|:.Il"-'

9

Fle Edit View Help

Ve O ’ @ Select connection:|Simulation v 1 € New variable & InsertMode| = == Insert Transition
* UzZivatelem definovana struktura S=CE
R orkfiow
I:Ed::ckageappmva\ i — - o “

* Modelovani toku vyr. procesu
& Report . w

-@ Optimize “ —>
2 Production run “ — Create Mesh DoE Packagefapproval

= Monitor
v
Y <& Close out i
a o n We Tter ation end Creats work order Praject ‘hpproval o 0 _ .8

& Create Mesh [ 7] [ 7] .
& Approval Create CFD Optimize Appraval lterau(fn end

& Create CFD

-% Project approval

& Creats project scope

& approve project

* MozZnost vytvaret nadstavby ... 86 —&—

-%¢ Praject plan file b
€ Scope minUtes meeting Create project scope Approve project Project msTatmn end

- % Final case file
’ ’ LN ] 2 Project scope defination file
% Case file
-3¢ work order file

B Final cormments
% Final data file d

* Silna podpora metadat dalsich o =T

¢ Is scope approved? Property value
. 4 % Close out minutes meeting f ;
a I a c I 2 Data file i Marne: Close out
-3¢ Package approval minutes rf | | Deseription: Clase out mesting
8 CFD Package Approval Meet) | FAssignee:
% 15 package approved? Input variables: Simulation report file,

-8 \wiork order folder i-Output variables: Close out minutes meeting file, Final comments, Final Archive file,
2 Simulation report file i
% Boundary condition file N Pressure Vessel

~3¢ Comments on workorder

Pressure Vessel Analysis using

< >
ANSYS
Date: 7-Dec-2010
Simulation o
Name:
Material: | Steel v
Mesh
Relevance: 1-LessRefined v
Internal
Pressure; 190
Shel
Internal  929.0
Diameter:
Nozzle
Internal  |200.0
Diameter:
Shel
Width: 159
Nozzle
width: (100
Nozzle
Height: 1000 mm
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VCollab

SVS FEM

Your partner in computing

SVS FEM s.r.o0. se stala oficialnim partnerem firmy VCOLLAB.
Aplikace VCOLLAB nabizi vizualizaci CAD/CAE dat ANSYSu, ale i SW tretich stran

“ CAD Package Supported Versions Supported Extensions

O 00 N oo nn B W N

[EEY
o

120/163

Catia V4
Catia V5
Unigraphics
Pro/E
SolidWorks
SolidEdge
Inventor
IGES

STEP

CGR

© 2012 SVS FEM spol. sr.o.

4.15t04.24 *.model

R7 to R20

v10 to NX7.5 CAE Software Formats Supported Remarks
2000 to WildFire! ABAQUS ODB, FIL, INP Supports V6.10
199910 2011 MSC/ASTRAN, NX/NASTRAN OP2, BDF SUp.ports Complex
Upto ST3 Eigen Vectors
10 to 2011 MSC/MARC T16 and t17 plot files

Upto 5.2 ANSYS ans,cdb, RST, RTH, RFL
from AP203/AP2] LS-DYNA D3PLOT files, key Files

R10 to R20 FLUENT Binary Qutput (.CAS and .DAT files)

ENSIGHT GOLD

.CASE, .ENCASE

PATRAN PAT, .OUT files
Star-CD (Star-CCM) .CCM
FESAFE fer
CFX .res
PTC/Mechanica *.neu

November 25, 2013



WSSl VCollab vizualizace

SVS FEM

Your pariner in computing

Nabizi velmi propracovany SW pro pfevod CAD/CAE dat do vysoce komprimovaného

jednotného vizualizacniho formatu, ktery mize byt poskytovan vasim

zakaznikim/konzultantim/managerim, bez nutnosti vlastnit vlastni CAE SW.

Vystupy mohou byt snadno integrovany do MS PowerPointu, Excelu Ci prezentovany na
webu (viz www.svsfem.cz)
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CAE . . .
CAE Results CAS>i(ZI;|Ie F'2: |I§ size
Software File Size VB = rL:CtIO
(MB) (MB)
ABAQUS 2,930 47.4 98%
(FIL)
MSC 289 46.4 84%
NASTRAN
MSC MARC 243 23.9 90%
ANSYS 14,000 92.0 99%
LS DYNA 363 145.0 60%
FLUENT 347 13.1 96%

November 2

Sedan_4m-§
Pressure L1h0
4.888e+02
3.508e+02
+2.127e+02
7.469e+01
-6.335e+01
-2.014e+02
+ -3.394e+02
— -4 .775e+02
+ -6.155e+02
-7.535e+02
+ -8.916e+02
-1.030e+03
-1.166e+03
-1.306e+03

&
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SYS Realize Your Product Promise™

Solution of Large models
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Substructuring allows for collaborative work or
memory efficient harmonic and transient
simulations

X X
X X

K X
X X

X X
e

X X

X X
X X
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WSS Reduce linear components 2VS FEM

Full components Reduced model
matrix file:
. SuB
} o A "4___ |
[4
-SAV., USE PASS ; Reduced
Gl Sowvers: frontal, sparse, ——— DOF solto
s~ jcg. iccg : file: .DSUB
] l =
' ‘ o
EXPANSION PASS ;
e

K X
X X

—
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Compute the solution by assemblinGYRé&EM.,
reduced models

GENERATION PASS s osbosglon
1 " J— mainx me.
Soiver: sparse SUB
} FIX or FREE é , _
l ¥
_ Other files:™ l
g -/dwxr.LSAv. ¥ A
-SAV. }{SELD, .CMS, .LNOS, USE PASS NONCE)
CMS S \\LN20, 1N22, .08 Sowers: frontal, sparse, =— DOF sowso
:
! ‘

X KX
X KX

EXPANSION PASS
Backsubstitution method .| Results
Solver: sparse File

v
= -
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WANER Post-process on full model or areas 8f>.F€M,
interest

| GENERATION PASS | Supereiames

g matrix file:
Soiver: sparse : SUB

3 FIX or FREE . 2]
1 -

LE /omnmcs

/ [EMAT, ESAV,
; _!'sf_m CMS, .LNOS,

l—

USE PASS

Soivers: frontal, sparse, DOFSO‘““’
; ﬁlc‘ DSUB

jeg. lecg
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WSS Overview — Solution Steps VLM,

SubStructure N

Generation SubStructure 1 SubStructure 2
1. Assemble the M, K

1. Assemble the M, K 1. Assemble the M, K

Pass (Step 1) 2. Static reduction 2. Static reduction
3. Modal analysis 3. Modal analysis

2. Static reduction
3. Modal analysis

Superelement N

Superelement 1 Superelement 2 "

USE Pass 1.Couple superelements
(Step 2) 2. Analysis

Expansion Transfer back to physical Transfer back to physical Transfer back to physical

coordinate of coordinate of coordinate of
Pass (Step 3) substructure 1 substructure 2 substructure N
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WG Static Substructuring & CMS SVS FEM

I partner in compuling

v' Guyan Reduction procedure

v’ inertia forces are negligible compared to elastic
forces

v Net result: the reduced stiffness matrix is exact,
whereas the reduced mass and damping matrices
are approximate

Note: Choosing master DOF is an important step in a
reduced analysis, impacting accuracy of results
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WSSE Component Mode Synthesis 2VS FEM

v' CMS is a type of substructuring which
performs a modal analysis of a structure
based on independent modal analyses of
its parts

v The synthesis involves making the
components work together as a single
structure by satisfying inter-component
compatibility and equilibrium constraints

TTe———— rm——

v' Master DOF are required only at interface
nodes
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WSS CMS with ANSYS Workbench 2V FEM

(3} AnSYS Workbench [ANSYS Multiphysics] i [=]

@ 4bar [Simulation]

| File Edit View Units Tools Help |J aE==NERR N | Bvew analysis = <fsove - | F@ W e -
[ Rr YRR (Seaq@@aa s m|d-

JResuIt 1.0 {True Scale) ~ - E - -5 | iR | [125 Probe

Outline for “4bar™
A Geometry
‘,,!\ Coordinate Systems
A Connections

B0 Mesh

- @ Mamed Selections 12132008 2:29 PM
‘,@ Flexible Dynamic
/= Initial Condition 0.4135 Max
Wiy Analysis Settings 0.36765
‘/-’:lp'\ Joint - Rotational Accelerat 0.32179
B AutoSE-first 0.27594

WEw AutaSE-3l 0.23008
= 5°'"t5'°|“h_ bt 018422
- oluton Intormauon
vii 0,13837
. RFouivalent Stress
0092511 ¥

--‘/& AutoSE-post
-8 Joint Probe | 0048655
0.00079884 Min

0,00 30 ) Z: kS
Jetails of "Equivalent Stress | 150.00
[=l| Scope
Geometry 2l Bodies Geometry A \VWorksheet A Print Preview s Report Preview/ |
Type Equivalent {von-Mises) 5t..,
- Animation {11 Orl 10 Frames »  2Sec (Auto) -~ | Ig
Display Time End Time J > u | R | Q . | o 1 [4.e-002 |3.0136e-004 1}
=| Results 2. (2 |8.e-002 |7.9663e-005 0
Minimum 7.98842-004 MPa 21494 3 [0.12  2.5738e-004 0
" 4 |0.16 1.8536e-004 0
Maximum 0.4135 MPa —
= - 0.35273 5 |02 5.68872-005 i
Minimum Occurs On - | Soli 5 688705 1 & |0.22 1. 162004 0
Maximum Cccurs On | Solid a 2, 7 [0.28 2.6355e-004 i}
Information 8 [0.32 2,8975e-004 0
| 1 [ 5 | a |n3s 5 335R=-NN4 h
4 I I 3
|Press F1 for Help | |I;Ql 1Message |I'-lo Selection |Me1ric (mm, kg, M, °C, 5, mV, mA} 4
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WSSl APDL macros embedded in the simulatio¥fe€EM
or generation, use and expansion pass

(@) A: Mode, Flexible Dynamic - Mechanical |ANsv3MumpnyTs_!- m\ .
| File Edit View Units Tools ACP Help || @ | <fSolve v 2/Validate (Beta) *@ W8 * B G i [ A Y RREREB S
| P Show Vertices @R Wireframe | Wl Edge Coloring v A+ A~ A+ A+ A= [ |-IThicken Annotations | tga TyShow Mesh (Beta)
| Commands g Export... [gimport...
|

Refresh
o i @ P
[ @] Project - = -
El- [ Model (a2) “VREAD, index (1), index, txt ! retrieve the loop counter zgain
/B Geometry (F16.0)
v Coordinate Systems ii = index(1)
/A Connections
| Mesh ! set the title for identification
- @) Named Selections /TITLE, sediid
S s 7s0LU

E-,{&] Flexible Dynamic (A5) ANTYEE, SUBSTR
Initial Conditions SEOET, , 2

substructure znalysis type

write stiffness and mass metrices

L
L
Lo Analysis Settings “IF,cms,ZQ,1, THEN | if CMS elements are requested
/@ Joint - Rotational Acceleration CMEQPT, FIX, nmode | cptions and number of modes
@ Joint - Rotational Velocity FENDIE
B AutoSE-first
LUE autoseal CMSEL, S, se%ii%_master ! select the substructure nodes
R = M, ALL,ALL ! specify master DOFS
& Solution (A6)
/4] Solution Information CMSIL, 5, setiit_slave ! select the substructure elements
i+, M Equivalent Stress NHSLE ! select nodes for these elements
BB AutoSE-post
H - @38 Post Output SV
!
w0 Fost Output 2 i?;‘?:ﬂ ! solve the the substructure
@38 Post Output 3
& Joint Probe index (1) = index(1)+1 | increment the loop countsz
“MWRITE, index (1), index, txt ! stoze the counter to = text file
(Fl1e.0)

ii = index(l)

*ENDDC
*ELSE
room
/COM, ButoSE - skipping generation pass
[ *ENDIF
index(1) = 1 | reset the losp countar
“MWRITE, index (1) ,index,TxT
(Fle.0)
Details of "AutoSEfirst" L)
=1 File )
File Name [CADocuments and Settings\Administrator\ Desktop\AutaSEL,.. ||, o-o— " 70T TTTT e
File Status |File not found i
= Definition 52
Suppressed No Graphics. Commands
Step Selection Mode | First o — 2 x
Il [Target Mechanical APDL fape Snnglione
=1 1nput Arguments - Timestamp
ARGL
| ARG2
I ARG3
ARGA
ARGS
ARGB
ARGT
ARGE
| ARG3

" Messages.Graphics Annotations

Press FL for Help | 58 No Messages No Selection U.S. Customary (in, lom, Ibf, 5, V, A Degrees rad/s Fahrenheit Y
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WSS Results are available through
standard operations

SVS FEM

Your |JI[|]ILI in I_I.|I1I|'|II|:.Il"-'

2 A:Model, Flexible Dynamic - Mechanical [ANSYS Multiphysics]
File Edit View Units Tools ACP Help || @@ | <fSolve ~ ?/Validate (Beta) @ W¢ )~ i || ® T~ 5o & oa Q 3 O~
F Show Vertices g Wireframe | Il Edge Coloring v £~ A~ A~ A~ A~ | |~ Thicken Annctations | wfa i Show Mesh (Beta)
[} S =]
Result 1.0 (True Scale} - @ E--
wf e 7
& Project A: Model, Flexible Dynamic )
5 &1 Model (Ad) Equivalent Stress .
/B Geometry Type: Equivalent fvon-Mises) Stress .
-5 Coordinate Systems Unit: psi
- Ji¥) Connections Time: 2
B Mesh 3/17/2011 5:32 PM
- G Named Selections
=] ,- Flexible Dynamic (A5) 87.909 Max
i Initial Conditions 78243
/7 Analysis Settings 68.576
/3 Joint - Rotational Acceleration 58.91
/@ Joint - Rotational Velodity 49.243
B AutoSE-first 30577
ouBE AutosEal 20911
B, /é| Solution (A6)
. : 20.244
/3] solution Information
et ot 10578
"B AutoSE post 0.91157 Min
| & JaintProbe
L
lf
K4
L
Details of "Equivalent Stress” L]
e , Z‘/\ .
I Scoping Method Geametry Selection
Geometry All Bodies 2500 7500
71| Definition |
Type Equivalent [von-Mises) Stress Geometry { Print Preview}, Report Preview I
B Ti
D"'splayme L;r:: Graph 2 Tabular Data 7
M| | Calculate Time History | Yes = || Animation | W | [0 I | 9 10Frames v  25ec[Auto) - | 1g Time [s] [ Minimum [psi] I|’ Maximum [psi] | -
dentifier ) 1 [2.002 37545002 7922 E
71 Integration Point Results 22988 ;—;:gg; Z'i:g;'mz 33;:
Display Option Averaged e 8‘5-002 Gl17079 49‘549
= 13794 —." = :
Results 5 |Le00L 8.9394e-002 41544
Minimum ECTE 6898 6 012 4.3828e-002 38072
Maximum FEDEE 1830462 7 [014  43675e-002 38739
Minimum Oceurs On | Solid a3 . 5 8 (016 011023 4129
Maximum Occurs On | Salid ' ’ 9 018 44637e-002 42937
= Minimum Value Over Time 1 2 10 |02 013521 44244
Ll Minimum 1.8304e-002 psi 1 022 016573 44322
Maximum 29462 psi - Messages | Graphics Annotations. Graph 12 |0.24 0.15463 44709 -
Press 1 for Help 91 Message No Selection U.S. Customary (in, lbm, Ibf, 5, V, &) Degrees radfs Fahrenheit |
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ASSE  When to use substructuring? 2V feEM,

e

e

Reduce memory consumption

Allow collaborative work and create a library of components 5 l/f/

Reduce solution time for harmonic and transient analyses
You can perform efficient design variations by reusing components , _
Harmonic analysis - 20 frequencies

16000
14000

12000

—_
o, 10000
Q
g 8000
= M Use Pass
D .
o 6000 m Generation Pass
o

4000

- .

0
Full Model cMS
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WER Comparing the accuracy of a CMS analysis!

standard one

) Multiple Systems - Machanical [ANSYS Multiphysics]
File Edit View Units Tools ACP Help “}solve v ?/Validate (Beta) Tj@ Wi [ i
7 X
® B~ $-5 ¢ aa a@acRea O
5 Show Vertices  §2Wireframe | Wl Edge Coloring v £+ A+ Av A~ A~ || |-IThicken Annotations | wga T Show Mesh (Beta)
Result 1.1e003 (AutoScale) ~ @I~ B~ Wi~ F | w3 mo Probe
Wi @7
T8, Fixed Support = | c:Modal-cms
/& MODAL_SANS_CHS (BE Total Deformation - Mode 1 - 1526.636277 Hz
/3] Solution Information Type: Total Deformation
A8 Total Deformation Frequency: 1526.6 Hz
/8 Total Deformation -h Unit:in
"4 Total Deformaton -1 3/18/2011 1023 &M
/8 Total Deformation -
81 Total Deformation - 406.72 Max
/8 Total Deformaton - 36153
8 Total Deformation -N 316.34
A Total Deformation -1\ 27115
M Total Deformation - N = 22598
8 Total Deformation -1 1807
B HODAL_AVEC_CHS (C5) 13557
T, /120 Pre-stress (None) 10982
w2\ Analysis Setings 191
Fixed Support -
/B Commands (ansYs) 0Min
B Commands (ANSYS) 2
B Commands (ansys) 3
i/ Commands (ANSYS) 4
E1+,/%] MODAL_AVEC_CMs (C6
£--,{1] solution Information ~
« i 5
Details of "Total Deformation - Model - 1. % 0.000 2,000 ()
=l Scor
i 1000
Scoping Method Geometry Selection
Geometry allsodies Geometry £ Print Preview j, Report Preview; |
| Definition
e Total Deformation Graph A TabularData b
Mode L Animation Jw-| W || 11 Q10 Frames + 2secia || Mode[[¥ Freauency [Hel | o
Tdentifier 10 1L 13266
=1/ Results 5132 2 |2 16882
Minimum 0.in I I I I I I I Bl s E
Maximum 406.72in ) L, e
Minimum Oczurs On |Part 1 t 2 3 4 5 & 7 8 910 é—; ;Sig
Maximum Oceurs On | Part 3 RO
| Information Messages | Graphics Annotations.Graph 8 8. 23702 ol
Press FI for Help 213 Messages _|No Selection US. Customary (in, lbm, Ibf, s, V, A) De
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CMS Results - Frequency in Hz
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& CMSResults
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Realize Your Product Promise™
IT4Innovations

Pripadova studie reseni pro intenzivni HPC
vypocty. Srovnani dilcich vysledku pro CERIT a

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

Petr Konas

IT4Innovations
narodni

superpocitaCové SVS FEM

Centrum Your partner 1N Coim puting




IS@S Benchmarky SVS FEM

T parner in compuiing

Pres 400 benchmarkovych tloh. Vice jak 300 stranek vysledkti z benchmarkd.
3 tydny testovani a optimalizace.

ANSYS testy
Workbench Mechanical
CFX

Fluent

LS-DYNA
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Benchmarky Workbench MAPDL

500 4

400

Total time [sec]

200

100 4

600 4

400

300 4

Total time [sec]

200 o

100

o
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Absolute time of task selution ¥14cg-1,

JCG solver, symmetric matrix,
1100k DOFS, transient,
linear, thermal analysis

= & 2

MNCPU

B |ntelE5-2665-DMP

124
248
406

Absolute time of task solution V14in-1,

PCG Lanczos eigensolver,
symmetric matrix, 3000k DOFs,

modal, linear, structural

analysis requesting 15 modes
© 2012 SVS FEM spol. sr.o.

NGPU

= @ @
3 3 g
= & 4

November 25, 2013

2500

2000

18600

Total time [sec]

1000 o

501

1200

1000

Total time [sec]

400 o

20

SVS FEM

Your partner in computing

Absolute time of task solution V14eg-2,

PCG solver, symmetric matrix,

11800k DOFs, static, linear,
structural analysis with
single load step

MNCPU

248
498

Absolute time of task solution V14cg-3,

PCG solver, symmetric matrix,
10700k DOFs, static, linear,
structural analysis with

single load step

- @ @ o o = @ @
2 & = =] 3 g
2 & 3

HCPU



S& Benchmarky Workbench MAPDL 'svs Fem

Abselute time of task selution V1dsp-1,

Sparse solver, symmetric matrix, 400K e
DOFs, static, nonlinear, structural anal

300 +

i I I I I I
- - = & o

Total time [sec]

~

=

5]
I

0

124
248
496

NCPU

Absolute time of task solution V14sp-3,

Sparse solver, symmetric matrix,

Sparse solver, non-symmetric
Ol . ! N B |ntelE5-2665-DMP . . ——— -
matrix, 1000k DOFs, static, i | 2300k DOFs, transient, nonlinea

Absolute time of task solution Wi1d4sp-2,

structural analysis

0- I I I I I
2 & 2 b
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nonlinear, thermal-electric
coupled field analysis

800

300

<

600

200

Total fime [ssc]
Total time [sec]

400

100
200 4

o4

] 3
A F



Benchmarky Workbench MAPDL SVS Fem

Your partner in computing

Absolute time of task solution Vi4sp4,

Sparse solver, symmetric

matrix, 1000k DOFs, harmonic,

linear, structural analysis
requesting 4 frequencies.

400

300

# 200 —
100 +
ol
Absolute time of task solution V14sp-5, Absolute time of t48K $olution v14sp-§, i
2000 9
Sparse solver, symmetric Sparse solver, symmetric
| matrix, 2100k DOFs, static, matrix, 4900k DOFs, static,
nonlinear, structural R nonlinear, structural
i analysis with 1 iteration 3 analysis with 1 iteration
émnn o Eguwuu 1

500

@ o - = w© I o~ - =
S & = = o & S
& = = &

NCPU

500

@ @ I o -
= =} o &

NCPU
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Srovnani vysledku pro ruzné clustery
ALDEE Benchmarky Workbench MAPDL 2V FEM

CERIT max. accel 17x

= 2543
16
: I I
b
&
5_ I I
0 - . I

UV2000, max.accel=8.

JCG solver, symmetric matrix,
1100k DOFS, transient,
linear, thermal analysis

CERIT=E5-2643
IT41=E5-2665
UV2k=E5-4617

vkl

November 25,2013 -
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Srovnani vysledku pro ruzné clustery
ALDEE Benchmarky Workbench MAPDL 2vaFfem.

. CERIT, maxacces.z‘

Relative acceleration of task Vi4cg-2
B HE5-46172 9hHz-DMP
UV2000, max.accel=11.3x: snazs

PCG solver, symmetric matrix,
11800k DOFs, static, linear,
structural analysis with

single load step

CERIT=E5-2643
IT41=E5-2665

UV2k=E5-4617 £ | h l
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Srovnani vysledku pro ruzné clustery
ALDEE Benchmarky Workbench MAPDL 2vaFfem.

CERIT’ maxacce17| B Intelef-2643-OMP
Jm B I I I | I

UV2000, max.accel=15.1x

PCG Lanczos eigensolver,
symmetric matrix, 3000k DOFs,
modal, linear, structural
analysis requesting 15 modes

CERIT=E5-2643
IT41=E5-2665
UV2k=E5-4617
"ol |] h
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Srovnani vysledku pro ruzné clustery
ALDEE Benchmarky Workbench MAPDL 2varfeM,

Relative acceleration of tasI V14‘z,1
-
CERIT, max.accel=
m 2643
0
15
5
]
= A
z
=
T
m I
5|
= & @ = = 5 b g 8
g &
NCPY

UV2000, max:accel=32x

PCG solver, symmetric matrix,
10700k DOFs, static, linear,
structural analysis with

single load step

CERIT=E5-2643
IT41=E5-2665
UV2k=E5-4617

20 o
=
2 15
T
[

: |||{}

5

NCPU
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Srovnani vysledku pro ruzné clustery
ALDEE Benchmarky Workbench MAPDL Vo FeEM

1 CERIT, max. ac|7|x

UV2000, g daccel=8.1x

m 12 E5-46172.0MHz DMP
=] 12 E6-46172.0MHz SMP

Sparse solver, symmetric matrix, 400k

CERIT=E5-2643 DOFs, static, nonlinear, structural analysis
IT41=E5-2665

UV2k=E5-4617 P Ij
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Srovnani vysledku pro ruzné clustery
ALDEE Benchmarky Workbench MAPDL Vo FeEM

CERIT, maxacceiil‘ A

Relative acceleration of task Vidsp-2

UV2000, max.acc@l=1
CERIT=E5-2643 -
IT41=E5-2665
UV2k=E5-4617 :

146/163 © 2012 SVS FEM spol. sr.o. November 25, 2013 ® e

MNCPL

‘ B 1 2E5-46172 GMHz-DMP
O 1 ES-461T2.9MHz-SMP

Sparse solver, non-symmetric
matrix, 1000k DOFs, static,
nonlinear, thermal-electric
coupled field analysis

=

Relative Acceleration [




Srovnani vysledku pro ruzné clustery
ALDEE Benchmarky Workbench MAPDL 2varfeM,

CERT,maxacceIle
]
= 6
|
NC;U ) N ] i

Glative acceleration of task Vi4sp-3
—-—
UV2000, max.accel=9.3
B 124E5-46172.MHz-DMP
O 124E5-46172.8MHz-SMP

Sparse solver, symmetric matrix,

CERIT=E5-2643 " 2300k DOFs, transient, nonlinear,
IT41=E5-2665 = structural analysis

UV2k=E5-4617
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Srovnani vysledku pro ruzné clustery
ANSYS Benchmarky Workbench MAPDL Vo FeEM

Relative acceleration of ta:
CERIT, max.dacce
Inteles-2643-DMP
15
10 4
=
£
5
&
57 I
fir< - . I

UV2000; sk 5¢¢él=15

Sparse solver, symmetric
matrix, 1000k DOFs, harmonic,
linear, structural analysis
requesting 4 frequencies.

CERIT=E5-2643
IT4I=E5-2665 E

UV2k=E5-4617
wmE I]
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Srovnani vysledku pro ruzné clustery
Benchmarky Workbench MAPDL A ALY

Your partner in computing
Relative acceleration of task V14spl,
CERIT, max.accel=

127 =

10 4

5
467 | ‘ I
2

o

27 I I I

N .

NCPU

UV2000, imax.dccel=1

Sparse solver, symmetric
matrix, 2100k DOFs, static,
nonlinear, structural
analysis with 1 iteration

CERIT=E5-2643
IT41=E5-2665
UV2k=E5-4617

inhhh
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Srovnani vysledku pro ruzné clustery
Benchmarky Workbench MAPDL A A

Your |!I'.I[|]II_'I' imn l_'l.|I1IF'|ll['.Ilf:‘

CERIT,'max.accél=13.2

12
10
= 8+
<
2 5
£ 6
&
0
] I I
il . l

CERIT=E5-2643
IT41=E5-2665

UV2k=E5-4617 i h
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UV2000, imax:dccel=13.

Sparse solver, symmetric
matrix, 4900k DOFs, static,
nonlinear, structural
analysis with 1 iteration
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Relative acceleration of task Videg-1
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linear,fhermal analysis

LN

& 2@ 2z

124
128
248
256
196

NCPU

Relative acceleration of task V14cg-3
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O U¥2K-DMP
B UY2K-SMP

olver,
000k DOFs,

PCG Ldanczos eige

syn| mdtric matrix

mo| |alfilinear, s*ru

ang |yslh reques [infk 15
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Srovnani vysledkt pro rizné clustery
Benchmarky Workbench MAPDL, normalizované vysledky our paterin computing
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Relative acceleration of task V14cg-2
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PCG solver, symmetricfinatrix,
11800k DOFs, static, liflear,

structural analfsis wit
single load ste

114

- o - = @ & 2 z 2 a g E & g
NCPU
Relative acceleration of task V14In-1
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PCG solver, syrfimetricfinatrix,
10700k DOFs, gtatic, liflear,
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CERIT=E5-2643, IT41=E5-2665,UV2k=E5-4617

m Srovnani vysledki pro rtizné clustery
ANSYS Benchmarky Workbench MAPDL, normalizované vysledky::-"\(':-‘FE':""I

Relative acceleration of task Vidsp-1

9 = CERIT
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O UYZK-DMP
B UY2K-SMP

“Sparse solver, syrermil | ric matrix, 400k
DOFs, static, no sirufftural ar

Relative Acceleration
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Relative acceleration of task V14sp-2 Relative acceleration of task v14sp-3
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Relative acceleration of task Vidsp-5

Sparse solver, syrffiimetric
matrix, 2100k DO¥Fs, static,
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analysis With || it@if ation
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Srovnani vysledkt pro rizné clustery
Benchmarky Workbench MAPDL, normalizované vysledky
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Relative acceleration of task V14sp-4
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Sparse solver, symmetric
matrix, 1000k DOFs, harmdhic,
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Relative acceleration of task aircraft_2m
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Relative acceleration of task sedan_4m
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4M - 3d,ke,seg, external, hybrid
aerodynamics around a car
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Relative acceleration of task eddy 417k
ANSYS
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417K - 3d,ke,seg Reacting
flow with eddy-dissipation
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Relative acceleration of task truck_14m
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Benchmarky CFX

Relative acceleration of task perf_Airfeil_10M_R14.def

Relative acceleration of task perf Airfoil 100M_R14.def

Transonic flow around an airfoil. Flow is 2D -
the mesh is extruded to give a 3D meshes of

20various sizes
Turbulent SST, ideal gas, heat transfer
Default advection scheme (high resolution)
.:*| Global mesh size: 104,533,000 node
103,779,720 elements (all hexahedra
S I
~

0.0 -

Transonic flow around an airfoil. Flow is 2D -
«the mesh is extruded to give a 3D meshes of
various sizes
4 Turbulent SST, ideal gas, heat transfer
4 Default advection scheme (high resolution)

30 o

* Global mesh size: 9,933,000 nodes,

9,434,520 elements (all hexahedra)
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e m B
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B IntelES-2665-DMP
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Relative agceleration of task perf_Airfoil_50M_R14.def

Transonic flow around an airfoil. Flow is 2D -
the mesh is extruded to give a 3D meshes of
various'sizes
* Turbulent SST, ideal gas, heat transfer
* Default advection scheme (high resolution)
* Global mesh size: 47,773,000 nodes,
47,172,600 elements (all hexahedra)

Relative acceleration of task perf LeMansCar_R14.def

Low speed external aero around a LeMans-
style car]
* Turbulent k-e, ideal gas, heat transfer
* Default advection scheme (high resolytian)
* Global mesh size: 1,861,696 nodes,
10,285,401 elements (all tetrahedra)
el
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Relative acceleration of task perf_Pump_R14.def
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Transonic flow around an airfoil. Flow is 2D -

the mesh is extruded to give a 3D meshes of

various sizes

e Turbulent SST, ideal gas, heat transfer

* Default advection scheme (high resolution)

¢ Global mesh size: 104,533,000 nodes,
103,779,720 elements (all hexahedra)

L] \ntEIES 26R5-DMP
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Taurus
Number of Parts - 778 Retatiue acssleration of sk yanis
Number of Nodes - 936258 :«
Number of Shells - 805505
Number of Beams - 4
Number of Solids - 99486
Number of Elements - 105711

B IntelES-2665-DMP

Silverado i
Number of Parts - 679 ’
Number of Nodes - 942677
Number of Shells - 873144
Number of Beams - 2662
Number of Solids - 53293 f
Number of Elements - 929131 A 3
Yaris
Number of Parts 771
Reltive acceleration of task siverado Number of Nodes 998,218 Retative asceteraion oftas taurus
Number of Shells 950,560

Number of Beams 4,497
Number of Solids (19,314
Total Number of:Elements 974,38
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ACS infoday SVS FEM

|Your partner in computing
” 7
Znate ACS ® Systems

N

3.12.2013 - Brno Hotel Avanti .:- _ -y
vstup zdarma ‘ = S consonens

ANSYS Customization Suite (ACS) Infoday
Programovaci metody uzivatelskych uprav programového baliku ANSYS aneb
»Jak si vlastnorucné doplnit co Vam v ANSYSu chybi...”

Spolecnost SVS FEM s.r.o. si Vas dovoluje pozvat na vyjimecné setkani zameérené
na predstaveni a nazorné ukazky prace v programovacich nastrojich pro
uzivatelskou modifikaci prostredi ANSYS za ucelem rozsifreni funkcionality dle
vlastni potreby.

Kdy: 3.12. 2013 v 9 hodin.
Kde: Hotel Avanti, Stfredni 61, Brno, 602 00
Cena: zdarma.

http://www.svsfem.cz/registrace
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