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SN NAFEMS Traditional Art and Simulation

Common objective: Accurate representation of real objects in their
environment

* Paintings, sculptures, etc. * Virtual models

S a—
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Source: Image by Hans Benn from Pixabay
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A Narems Abstract Art and Modelling

Different objectives

* Abstract art » Abstract Modelling
— Abstraction has freed artists — Needs to refer to real objects
from objective reality — Abstraction is a transitional step
— New, independent art discipline to enable re-usability

Source: Photo by Meagan Carsience on Unsplash CAE Connected ™
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AN NAFEMS Standard CFD/CAE Processes
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A arems Abstract Pre-Processing
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input files
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Abstract Modelling Objectives

« Reliably automate pre-processing

based on geometry independent,
re-usable simulation set-ups

— Easier to create than by other
automation methods

— Highest robustness

« Democratization of simulation
Enable CAD designers to start
dependable simulations

« Avoid CAD translation issues
— Use of tools best suited for the job

« CAD systems for all geometry editing
— Automatic mesh generation

"y
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SN NAFEMS Evolution of Simulation

QDesign Twins
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O NAFEMS Evolution of Simulation
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Simulation importance for business How to meet the challenge
« Ever growing competitive pressure * More simulation and democratization

— Product development as quickly and through automation
economically as possible — Empower designers to initiate

— Product quality & reliability key for dependable, accurate simulations
competitiveness and profitability — More efficient CAD -> solver process for

— Products growing in complexity increased simulation capacity

* Increased use of virtual tests key « “Smart” use of open source tools

factor to remain competitive — Economic extension of simulation SW

— More and earlier in the design cycle capacity

— Higher fidelity and system level — E.qg. for early stage, non mission critical

use cases
— Should be a plug and play option (no &
considerably different processes) @)

NAFEMS

— Result: better, more innovative products
« Challenge: Limited resources

CAE Connected ™



SN NAFEMS Democratization of Simulation

Survey by Tech-Clarity regarding designers having direct access
to simulation tools — respondents' feedback:

96% recognize benefits if 65% state designers do not

designers use simulations perform enough simulations

 Earlier detection of problems » Lack of simulation expertise

» Possibility to reduce the « Complexity of simulation tools
number of prototypes - too hard to use

* Less rework « Simulation turn-around time

» More innovative designs considered too long
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» A Closer Look at Abstract Modeling
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A\ arems A Closer Look at Abstract Modeling

» Abstract simulation set-up requires considering potential
geometries by using placeholders instead
— 3D CAE/CFD simulations always done for specific geometries
— “Classes” used as placeholders
— Classes have dimensions
— CAD parts or their faces refer to classes via text attributes

* Abstract models can be broader than the requirements for
a specific simulation

* Abstract models able to work with multiple CAD systems
and solvers @7
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A\ arems A Closer Look at Abstract Modeling

Simulation set-up done for specific geometries

outflow

outflow

air porous

air

inflow air porous

air_porous

outflow

Necessary to repeat when geometry changes
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A AFEMS A Closer Look at Abstract Modeling

A

" SCOMP SCLASS SCLASS_TYPE | SCLASS_MESH SCLASSBLYR  MESH_SIZE
] v.ouctASM
S ra C | I I O e I I I CO I I Ce » () DUCT_SKELETON.PRT  ConnectorPipe air fluid size blyrA 15000000
» (J DUCT_LEGLPRT InletPipe air_porousA  fluid size blyrA 10.000000
» (J DUCT_LEG2PRT OutletPipel air_porousA  fluid size blyrA 10000000
» (J DUCT_LEG3.PRT OutletPipe2  air_porousA  fluid size blyrA 10.000000
Monitor - Output ) Monitor - Output # InsetHer
Interface/non-physical
Inlet - physics A Outlet - physics
8o Model Tree | 7 Folder Browser | 'k | Favorites
Blyr None -Mesh Blyr None -Mesh Model Tree Ti-B- &
- 5 }
inlet_2d fluid ) | | outlet_2d P SCOMP SCLASS SCLASSTYPE SCLASS.MESH SCLASSBLYR  MESHSIZE  ANG.VELZ
ACSO
» (3 HOUSING.PRT housing air fluid size blyrA 10.000000
b (@ IMPELLERPRT rotor air_rotateA  fluid size blyrA 5000000 100.000000
» () INLET-EXTENSION.PRT inlet_extension  air fluid size blyrA 10.000000
i - . » () OUTLET-EXTENSION.PRT outlet_extension air fluid size blyrA 10.000000
Monitor - Output Boundary Wall - physics e
solid air air_porousA combusion_air air_rotateA
I I | ‘ Eﬂ Model Tree 7\ Folder Browser | | Favorites
A Element Set/Cell Zone — Physics Model Tree T-B- %
v n 8
SCOMP SCLASS_TYPE SCLASS SCLASS_MESH = MESH_SIZE
size No_mesh blyrA ] HVACASM
#x Hac
‘ Size — Mesh A Blyr— Mesh A f_jlmponFeature id4
» () RECIRC-INLET_1.PRT reciculation_inlet  fluid air size 3.000000
» () EVAPORATOR_1.PRT evaporator fluid air_porousA size 3000000
MREF - Physics A I_A Material Model (s) - Physics b () HEAT_EXCHANGER LPRT  heater fluid air_porousB size 3000000 ‘
I » () FRONT_MID_A_1,PRT hvac_ducting fluid air size 4000000
ags aga o " » () VALVE_HEPRT heater_door solid aluminium size 3000000
Initial Conditions - Physics <@ | Model/Global L cirvature Refinement - Mesh b (J VAWEFIOORPRT oot door sold duminiom  sie 3000000
» () VALVE_WINS_FRT.PRT defrost_door solid aluminium size 3.000000
Monitor - Output L—' |————A Length Scale Factor - Physics # Insert Here

One abstract model for many geometry+ variauons
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A\ arems A Closer Look at Abstract Modeling

Abstract modeling concept advantages

* A simpler, faster way to reliably automate the process
from CAD to solver input

* Increasing analyst capacity for value adding tasks

* Enabling CAD designers to initiate dependable
simulations with always comparable results

» Best-Practice/Knowledge capturing and management tool




S NAFEMS A Closer Look at Abstract Modelin

Abstract modeling ingredient #1: Abstract Model
» Created by simulation specialist

» Used by designers and/or simulation specialist

File Edit Action View Windows Help .
Name: air-zone
MM B (X X] o E
| v W (= O (XX @ i > > Type: Cell Zone Fluid il fthNexs =
n_ Class  Class Relation - Precedence 1 - | Jonent n_
< : ; Problem Definit - 2 .
@ |Class Name Dimensic * Meshing | Salution Strsbegy btttk | onent Name Assigned Classes Dimensions | ()
Global = Attributes  Create  Ungroup *** UNIQUE NAME REQUIRED FOR THIS ATTRIBUTE *** [ sbal .
(-~
Model -- [ ) | et odel
Model Ent N Typ|| Merge Disjoint Zones| off
4 O Volume 3D ~ odel Entty e - el I Volume -- 30
fluid Volume 2 ["Attribute Case”] problem definition Flue|| Eltant adiakifier] CompoRant nara housing air,sizeB, fluid,bl... Volume
° sizeA Volume = Length Scale Fa... -- bl =| inlet_extension airsizeB fluid,bl.. Volume
AbStra Ct - | blyrA Volume “ c_‘" Zone Laminar Zone 1 outlet_extension  air,sizeB, fluid,bl... Volume
air Volume L 2008, Cell e aoddal o 4 rotor air_rotateA size... Volume
Classes n_ sizeB Vokome air_porousA porous-zone Cell ||| Material Model Spec. Meti ‘ St N Pt
0o air_porousA Volume :I"f;“"“A "]"’_{:“e E‘:' Material Model Spec. Method ‘Fluent Database Y || || inlet_extension_sif inlet 2d,no_blyr... Surface
ir_rotateA Volume ot ARC:Zane ell outlet_extension... outlet_2d,no_bl... Surface
(. e solid solid-zone Cell Material Name (Fluent Database) A % Sk
solid Volume < Curve - 10
o | 4 O Surface 20 ;C“E?peﬁ = Material Name (Fluent Database) | air ¥ Point e oD
inlet_2d Surface onepes = = know
. s P Surface Monitor -~ Radiation Properties (Fluid) 4 SR
n ’ Moving Referen... -- Radiation Properties (Fluid) Spe
Class Relation Name Relations “ Porosity Model / L |
4 [IJ R_Volume_ Volume | -- 5 A ensk L -
Abstract R_fluid_fluid = n Attribute Panel s D A T
strac : catteving Coefficient (! |
4 00 RVolume Surface  -- for CIaSS ”air" |
Relations R fluid_inlet 2d = l Model Associations v
R_fluid_outlet_2d - $ = —
— R _blyrA_no_blyr 2d  -- N air
« 1 » Speed Level : 15 ¢ 1 »
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Abstract modeling ingredient #1: Abstract Model
» Classes and relations have child entities
 Allows identification of e.g. specific face sides

Class Child Entity Interface Class Child Entity Boundary

Common face-interface

+

Class B

P
-

D

Class A

Class A
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A AFEMS A Closer Look at Abstract Modeling
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Abstract modeling ingredient #2: CAE CAD Model
 CAE/CFD view created by designer or simulation specialist
» Used by its creator

§0 Model Tree Folder Browser | # | Favorites
Model Tree T} - v o
|
SCOMP SCLASS_TYPE SCLASS SCLASS_MESH = MESH_SIZE
J HVACASM

Yy e
Ar HVAC ’

5 Import Feature id 4

» () RECIRC-INLET_1.PRT reciculation_inlet  fluid air size 3.000000

» () EVAPORATOR 1.PRT evaporator fluid air_porousA size 3.000000

» () HEAT_EXCHANGER_1.PRT heater fluid air_porousB size 3.000000 —

» () FRONT_MID_A_1.PRT hvac_ducting fluid air size 4000000

» () VALVE_HEPRT heater_door solid aluminium size 3.000000

» (J VALVE_FLOOR.PRT floor_door solid aluminium size 3.000000

> (J VALVE_WINS_FRT.PRT defrost_door solid aluminium size 3.000000

® Insert Here =
=\
=
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Abstract modeling ingredient #2: CAE CAD Model
» Created by designer or simulation specialist
» Used by its creator

A% Sl
Model Analysis Annotate Manikin Tools View Framework Applications ~A00-0
I } 7 L X, 7 s 1) Hole == o = ] a
) & = { U % Point v - A Bxtrud o '/‘ . % —:] od
Regenerate s Assemble _ Drag Plane - Sketch Pattem  Manage Section A,u, arances spective Component Publish  Family Bill of  Reference
- = B 0 components 3% Coordinate System o Revolve Views ¥ & Interface  Geometry Table d~ Materials  Viewer
Operations ¥ Get Data ¥ Component ¥ Datum v Cut & Surface ¥ | Modifiers ¥ Model Display ~ Model Intent ¥ Investigate ¥
8o Model Tree der Browser | | Favorite. <SORCEY IF N N N:= % 1
Model Tree T~ v iR
)
SCOMP SCLAS...  SCLASS SCLASS MESH = MESH_SIZE ' %
et fluid air sized 3.000000 )
fluid air_porousA  sizeA
fluid air_porousB
fluid air
. solid air s
d ool solid air sizeAs 3.000 '
# Insert Here "X
CAD String Parameters:
SCOMP = Product Component Name
SCLASS = Represents physics behavior intent
Note: You can assign multiple physics behavior
infents to one component.
2 | o File ) \FluidNexus\C \Ansy April-19\AnsysHvacTutoria\CAD\tree.cfg was loaded successfully ”n- E‘J Geometry -
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A\ arems A Closer Look at Abstract Modeling

Abstract model versatility
* More comprehensive than a specific application

Monitor - Output A . Monitor - Output
Interface/non-physical
Inlet - physics PAN Outlet - physics
Blyr None -Mesh T t{) T Blyr None -Mesh
inlet_2d L fluid - > outlet_2d
Monitor - Output Boundary Wall - physics
solid air air_porousA combusion_air air_rotateA
A A A AEIement Set/Cell Zone — Physics
size No_mesh blyrA
A Size — Mesh A Blyr — Mesh A
MRF - Physics A—‘ I_A Material Model (s) - Physics
Initial Conditions - Physics <@ | Model/Global |——<\ Curvature Refinement - Mesh
Monitor - Output #_I I————A Length Scale Factor - Physics
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A\ arems A Closer Look at Abstract Modeling

Abstract model versatility
* More comprehensive than a specific application

Monitor - Output A . Monitor - Output
Interface/non-physical
Inlet - physics A Outlet - physics
Blyr None -Mesh ? T Blyr None -Mesh outflow
inlet_2d | — | fluid % . = outlet_2d air porous
Monitor - Output Boundary Wall - physics
air
solid air air_porousA combusion_air air_rotateA
Element Set/Cell Zone — Physics inflow air porous
size No_mesh blyrA i
air_porous
A Size — Mesh A Blyr — Mesh A
MREF - Physics <@ I_A Material Model (s) - Physics
¥ l outflow
Initial Conditions - Physics < | Model/Global —ACurvature Refinement - Mesh
Monitor - Output #_I I————A Length Scale Factor - Physics
CAE Connected ™
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A Closer Look at Abstract Modeling

Abstract model versatility
* More comprehensive than a specific application

Monitor - Output Monitor - Output

VN Outlet - physics

Interface/non-physical

A
Inlet - physics
outflow
Blyr None -Mesh T T Blyr None -Mesh
inlet_2d L fluid - > outlet_2d
Monitor - Output Boundary Wall - physics
solid air air_porousA combusion_air air_rotateA inflow
A A A AEIement Set/Cell Zone — Physics T
size No_mesh blyrA
air_rotate
Size — Mesh Blyr — Mesh
MRF - Physics A—‘ I_A Material Model (s) - Physics

Initial Conditions - Physics < | Model/Global | A curvature Refinement - Mesh
Monitor - Output ¥_| I————A Length Scale Factor - Physics

CAE Connected ™
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A\ arems A Closer Look at Abstract Modeling

Abstract model versatility
* More comprehensive than a specific application

Monitor - Output Monitor - Output

V- N Outlet - physics

Interface/non-physical

Inlet - physics
Blyr None -Mesh T T Blyr None -Mesh “— f
inlet_2d b | fluid % | {=3 outlet_2d outlet
| | outlet
Monitor - Output Boundary Wall - physics ‘—— floor_door
inlet ] ‘
- . . . ; ‘ |
solid air air_porousA combusion_air air_rotateA l

A A A AEIement Set/Cell Zone — Physics / W heater_door
evaporator = B -

size No_mesh blyrA
A Size — Mesh A Blyr — Mesh A
. ) heater
MRF - Physics A—‘ I_A Material Model (s) - Physics )
Initial Conditions - Physics L | Model/Global —ACurvature Refinement - Mesh : outlet ﬁ) \ ;

Monitor - Output #_I I————A Length Scale Factor - Physics
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A\ arems A Closer Look at Abstract Modeling

Combing ingredient #1 and #2: Simulation Model

» Automatically generated
— Parameters from classes transferred to real geometry

» Base for automatic creation of mesh and solver input files

BETA-CAENexus(TM) - 1.8.0-Creo - hvac-configurations,smf * o |[®@[=
File Edit Action View Windows Help
lpBRPQE &b FluidNexus™ _ |
| Class | Component | Model Fluent Action View © Geometry  Mesh [{~
Model @[@|s o Aibutes Ungroup : :
ity \ = P = Model Enti’ty Name Type Sub-Ty; * CAENexus
N ompone
P 4 » ["Attribute Case*]  problem definition  Fluent standarc
“"Mogel - Cell Zone N
= V:””:“ el Fluid Sources
Volume‘ 1 reciculatio Length Scale Factor
@ Region1  pruned 30 Moving Reference F...
< Sufacel R_evapora Porosity Model
< Surface2 R _evapora Surface
«/ Surface3  R_evapora Surface Monitor
« Surface4  boundary 4 Zone Type -
« Surface5  boundary = Face 102 [1] front-mid-outlet Zone Type Outlet
YP!
</ Surface 6 boundary Face 107 [1] front-side-left-outlet Zone Type Outlet
< Surface 7 boundary Face 15[1) symmetry Zone Type Symmet
< Surface 8 boundary Face 16 [1] inlet-bc Zone Type Velocity|
< Surface9  boundary Face 21[1] symmetry Zone Type Symmet
< Surface 10 boundary Face 23 (1, Face 19 [... wall-bc Zone Type Wall |z
< Surface 11 boundary Face 27[1] symmetry Zone Type Symmel
& Suface 12 |boundary Face 29 [1], Face 28 [1] wall-bc Zone Type Wall
& Suface 13 boundary Face 32 (1], Face 30 [... fluid-wall Zone Type Wall
Face 44 1), Face 45 [... fluid-wall Zone Type Wall
Surface 14 bound
plmid Face 53 [1], Face 51... fluid-wall Zone Type Wall
</ Surface 15 reciculatio
Sufecots, [ Face 54[1) symmetry Zone Type Symmel
@ Sufece 16 [pEcuaio Face 65 [1) windshield-outlet  Zone Type Outlet
 Surface 17 boundary Face 7 [1], Face 5 [1]... wall-bc Zone Type Wall ’
@ Volume 2 evaporato Carn T4 Carn TEE oacll 7T e T =
@ Volume3  heater,int _| | i B || j
- s (oS e = Iy
« i Y | Speed Level: Auto Select: [¥]| [7] Transparency & 10000 2 [ update | [w]
CAE Connected ™
Working Directory : D:/Products/FluidNexus/Collaborations/Ansys/ v
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S \arems A Closer Look at Abstract Modeling

Combing ingredient #1 and #2: Simulation Model
* Mesh created directly from CAD files — no translation
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* Abstract Modeling Automated Process
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& weens  Abstract Modeling Automated Process

Role: Designer Role: Machine One time Role: Analyst
(CAD Geometry) (Pre-Processing) (Abstract Geometry)
e Virtual prototype having e All processes automated and e Knowledge Capture using
“Fluid Geometry” in Creo, outsourced to machines so “Abstract Geometry” philosophy.
SolidWorks,UG-NX etc. that Designer and Analysts e Abstract geometry contains
e CAD Geometry contains can focus on their primary Classes having a “Dimension” (3D,
Volumes having definite roles. 2D etc.) without any Shape.
shape. e Hence, Independent of
Geometry”.

Automatic Simulation <
Model ; ; A
{} Inlet_2d <t fluid (2 /'= Outlet_2d
- . \A
Automatic Meshing Al ciobat size

Model N
JL 0 =N

Automatic Solver Files

air_porousA [< > air Z’ air_rotateA

Y

p

i

(5
“p4d
[

Feedback I | ol é)
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» Abstract Modeling for Simulation Applications
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S arems AM for Simulation Applications

» Abstract modeling “natural” core of simulation application
front-end

— Managed from simulation specific GUI via scripts

Scan side:

Color Mode:

Scan Area

Portrait
i e 620

B Application Solver File Soler App. Report
& GUI Creation Generation
 Application * Ul Input  Flaw results » Key results
Parameters « Abstract - Images &
» Geometry Model animations
£\
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e Conclusion
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S NAFEMS Conclusion

Abstract modelling’s unigue combination of benefits

v Democratization of simulation
= Extending use of simulation

= Enabling CAD designers to run dependable simulations supporting
design decisions

v/ Systematic capturing and re-use of simulation know-how and
best practices

v/ Consistent, comparable simulation results independent of
where, when or by whom simulations are performed

v/ Vastly improved efficiency of CAD to CAE solver input process
through robust automation, easy to set-up 55;}

ted ™
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Abstract modeling - making the art of simulation
a reliable service

Questions?
THANK YOU!
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