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ANSA evolution

Born in the automotive industry back in the early 90s, for FEA meshing

In the late 90s it becomes widespread for CFD meshing in motorsports teams and OEMs

In the late 2000s it enters the CFD aerospace sector and is growing ever since
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What is the recipe of success of a pre-processing software?

INGREDIENTS: DIRECTIONS:
Quality Geometry and flow features - Mesh quality -
Speed Consistency
Automation Minimum to no user involvement
User Control _ | -No black box approach
Feedback | _6UI guidance, preview, reporting...
Efficiency Most accurate result with least cell count
Wide range Geometry, Mesh, Morph, Model update ..
of functionality
Discipline and A common yet adaptable approach to all
solver independent  CAE problems

Support!!!
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Case study description

- Demonstrate ANSA pre-processing capabilities on the
geometry of the CRM model from the 4t High Lift Prediction Workshop

- ANSAv23.1.2

- Linux workstation with AMD Ryzen Threadripper 3970X with 32 cores (64 threads) and 256Gb RAM
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ANSA steps to high fidelity mesh generation
1- Start ANSA in CFD layout and select your meshing profile
2- Read the CAD and check its topology

4- Assign correct orientation

3- Create the domain

5- Assign PIDs and BC types

6- Detect and manage Features

7- Setup Batch Mesh

8- Setup Size Field

9- Execute Batch Mesh

10- Check Mesh quality

11 — Output mesh
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Launching ANSA for CFD

ANEA 23.1.0 Launcher ®

ANSA w CFD Campasitit
CrashSafety Durability || Kinetics
Marine Mokding L
Thermnal
Clone layout |
_L a0 | @ypall recormimeiaEons

Additional ANSA command arguments
other | §i7)

D¢ nat ask me again

E | cancel |
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Selecting a Meshing Profile
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Geometry import and check

Topological errors

= | mesded sach a8 Unmeshed Macros.
LIFEERE ek R Uneherked Face, Nusdie Faces,
I~ Callapsed Carm | Comapses Cons, Trpla Cons, Cveeiaps
Triphe Core 1 and Cracks
- Hesile Faces
Ovwilap laces - Exthen Fremats
e fE——
Sirgle Cors

Check>Geometry
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Geometry import and check

~ Back Gty T Ramun

EaEol v
Message Code | Entity 1D Description Auto Fa s ;[?.IH

w5

1|__bl'|:m | shaw Ofly | il | Dpem\'finduw_J_ Crieale SETS _.|
= = = == Ttotal 10| selocted 10

Typa:

Name Value (F GOy =
@ Gharp Ldges Ll |
Uit Mo Lmalga phomelisal poblems of th
i e P rmesded sach as Lh‘llrlu:lﬂ_m Macros
Urichsrknd Faces, Nesdle Faces
Callapsed Carm v | Cofapsed Cons, Trpla Cons. Orverlaps
Tripde Corn 5 | and Cracks
eidle Faces o |
Ovwilap Faces L  Bxthon Frampis |
Cracks Ell oy jadainal =
Sirgle Cons o u T

Check>Geometry
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Correct orientation

Faces>Orient [Auto]
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Domain creation

USB>CreateDomain
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Assigning PIDs and BC type

=1

Lol et 5L

vizcaus wall turbabent
3 10 sl viscaus wall turbulent
[l 11 siat e concavie veseaus, wall lurbubent
] 12 slat outer viscous wall turbulent
13 slat_ouler_concave

.
el
.
7
o
v
L

PID List
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Detection and Management of geometrical Features

[« Special Perimeters

¥ Sharp
[¥| Leading
| Free

FE break angle | 30. |
Geom. break angle ' 20. |
Leading min. angle ' 120. |

Leading max. width | 200. |
[+ Trailing

Min. angle ' 30. |
Min. width ' 0.5 |

Max. width ' 50. |

Feature Manager
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b} Featurg Manage:

B Clear All || =]
|characteristics|  mesh |

?E Special Pinm

: 18] angle  widr [Teatment | S|
2 10938 ¥ 54 m
1 952 L99
4 9008 641
5 o121 783
i AR 254
7 997 11.58
H 94 15.7
9 10375 505
10 107.42 12.93
11 M2 505
18.7
i 5.00

2,51

)
17 10235 5.08

[toal &1 | selected B |

Feature Manager
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Batch Mesh tool

Batch Mesh tool in ANSA performs fully automatic surface and volume meshing, ensuring:

- Automation

- Reusability of scenario templates for new geometries

- No user interaction and hence consistency in meshing
- Facilitates mesh refinement studies
- Mesh specs traceability as template is saved in ANSA file

e Baltch Meif Mananis

| New || Read Scenano |I| Autolaad || Aun || Diralt mesult

Updiates status | altes nun =1

ket

[ upper _wing_slal cave
[ lewer_wing
| ~ v Fuselaga
[ Fon el
w1 Syllmby
| Default_Sessian
| F| | Layers_scenaria_2
3 & Delaull Saccian
| - |4 Iuselage
# wing
| -[¥] engine
|N=] Volume Scenario 3
| - ¥ Default_Session

= -‘-IE Y]
S D owes R L= R T R S R N -
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CFD pararmeders 1.
CFD parameaters 1...
CFD parameters 5.

CHO panrmebers 4.

CFD parameiers 3.

CFD parameters

CFD parirmeleys
CrD paramelers
CFD parametars
CFD parameters

CFD parameters

Elie | Contents | Color  MeshParimeters  Quality Criteria St PFER
| & ¥ Meshing Scenario_1 b
| | slats CFD paramerers 5... ABrOspace_y+l_Thl
v flaps CFR paramebers 5... Asrospace y+1 Tal
| | Tk e CFD jparathobcn 5, Asroifoos y+1 Tl
[+ chine CFD parameters 1... Aerospace_y+1 Tal
| - v enginge CFD parameters 1... Asrospace y+1_Tal
o] UppeT wing CFE paramebers 1. Asraspace y+1 TALU

Ay ua.p.'|:|:-_“',-+1_1'nu
Agrospace y+1_Tal
Asrospace y+1_Tal
Berosgaan ¢+l Tal
.i.uu'..p.]wJ+1_"ﬂﬁJ,J
Asrospace_y+l_TAU

Aevospace p+1 TAL

Agraspace_y+ I_TJ.E.I'

9th Before Reality Conference, Munich, 14-16 June 2023

www.beta-cae.com



Setup of Batch Mesh tool

New )| Bead Scenana ||| sutotnad (| Pun | Deaft st Update skahus | after run 3
re b AeAiwe g
Hame Contents  Color  Mesh Farameters Quality Criberia Stahis g i
+ Mashing Scenarko_1 F1]
o My LD pararmalas 5 Apioapscs_yrl_TAU
w Pags LFD paramebers 5 Aerospace y+1 TAU

o [ caye CFD jar Al 5 Aargapkie_y+ 1 TAL
o chifie CFD paramelen 1 AEiimpade y+1_TAU
o BTN CFD paramaters 1 Aprosnais_y+1_TAL

o LR Wng

o pper_wing_slat cave

ol _wrg

CFD parameten 1
CFD paramebens. 1
D pararmebie 1

Aeiaipate_y+1_TAU
Aprospace y+1_TAU
Anhdianon y+ 1_TAU

EEDCEENESEE

o Fuselage 1 CFD parameters 5. Asrospacs y+1_TaU
o il i CID) parameten 4. Aerospade ye1 TAU
o Symmstry 1 CFD paramsters 2. Asrospace y+1_TAU
o Darlaint_Seswon o CFD paramstevs Aprospace y+1_Tal
B Layers_Scenario 2 b1 ]
o Dulanitt_SEsson 1 CFD paramsstivs  Asrospace_y+1_TAU
" hralage | . CF D paramssiers
+ wing 2 CFI paramssters
o anigine L | CFD paramlee
Volume Scenario 3 @
« Dwlault_Session ] E CFP paramsptevs  Aergspace_yrl TAU

- Curvature refinement
- Sharp edge feature refinement

- Leading and trailing edges anisotropic meshing
- Proximity refinement
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Setup of additional size refinement zones

Creation of flexible Size Boxes to control the wake refinement

Deck>Size Boxes
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Setup of additional size refinement zones

Specification of advanced Size Field functions

Closed Surface Cylinder

Radus al
tart

Surface Offset Sphere

Gronth rabe
alang ofze

Surface Sectio Size Box

End plane

Octree>Size Field
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Setup of Size Field

Surface Offset Rule from selected PIDs along a user specified direction

Octree>Size Field
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Setup of Size Field

Cylinder Rule along selected 3D Curves

Octree>Size Field
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Main wing — Linear Variation of maximum length

Size Rule>Surface Section
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Setup of Size Field

Final combined Size Field

Octree>Size Field
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Surface mesh Level C refinement - 2 million shells
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Flaps area
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Flaps area
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Flaps area
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Flaps area
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Engine nacelle area
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Engine nacelle area
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Underside area
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Underside area
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Wingtip area
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Main wing — Linear Variation of maximum length

Size Rule>Surface Section
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Surface Mesh Checks

W Geormetry: Unmeshed Macros (51 - ] ) "
+ ' Penetration-intersactions = Wishie - a (] o
¥ AT Mesh: sharp Edges I wislble = a 9 o
+ I Penetration Prowimities M wisble - 0 H o
w Mezh. Triie Qi Coined [ Wisble = ) i o
o i Mesh: Mesh Quality i Wisible = a 2 o
= 7 Duplicate & wisible - a 1] ]
¥ i Miesh: Layers Normal 0 wisibie - 1] 4 o
o FE Shell Cracks s Gps @ wisbe 0 o o
| mirsh: Orienlation wvisfble -
Meth: Singls Rounds visihie =
PGS Wipht Bownds Viglbly =
Symmetry Fane W Visble =

Check Summary

Parameters Lixt

Checks Manager>Surface Mesh Checks
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Variable First Layer height specification

adedi FILPW- CWEHL L Fing

Batch Mesh>Layer Areas
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Layers generation — 70 layers variable first height and growth rate

: Maximum top cap skewness reached
: Extreme normal vector angles

: Maximum allowed squeeze reached
: Top cap intersections

Small edges at top cap
Layers: Layer quad splits

High proximities at triple bounds

| total 8 | selected 0
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Volume mesh Level C refinement - 211 million cells (188 million nodes)
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Boundary Layer coverage display

O Cacala WA CRM-HL Liwsd © FiMALT WOL sfridgr. Clrredld I Auts Detachid Vit

Total Number of layers

Deck>Auxiliaries>Results
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Layers on wing section
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Layers on wing section
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Layers on wing section




Orthogonality near the wall
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Slat area
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Gap between the two flaps

www.beta-cae.com




Flap underside area
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Volume mesh Checks

W '.i,? Meah Nedgatnee Valatme & Vinble w a [ o
W 7 penatration:intersections @ vhibe - ('] o
o Mesh: Unielerenced shilks |:E'| Visthle - 1 a n
- Mesh: Frea solid faces % wisible - o [1] ]
¥ 4P Meshe Mesh Guality U Wisihle % o 4 o

Mesh: Hanging edges wislble -
Mesh: Unebosod Wolumme Elermenls Wisrhle -
Yolumes:\iokd Areas visible =
_1|I-|J Pemebralmorn inl@roi Inlersashoivg Wil -
¥ symmetry Plane #  visible = @ [ o
f Mgzh: Perodic ty ] Al Entities = o 1 ]

[ | tatal 11 | siecied 0 |
| execute || o

<H

Paramatars List Check sSummary

Checks Manager>Volume Mesh Checks
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Inspecting mesh quality violations

CR-ML, Lavei C_FINALY WOL Smmage, Currant Part: bofs Dubacind Veiums

min length men & 57 B LI H =

Volumes>Improve>Inspect
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Quality Metrics Reporting

Html creation of mesh statistics

- Mesh quality criteria histograms
- Nodes, Elements, Facets number
- Element type percentages
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Mesh Refinement Studies on Case 1 of HLPW-5 - five mesh levels

iy e SR el
¥ Mashing Scenario 1  BM surface scenarie
v chine BM surface sesson
B gisr{ade sasieon
B wurfate seLion

M gurface sasteer

BM sutface teikion
o Mg i UM surfage sepion
¥ Fusslage UK surface sesion
o+ lower wing BM surface sedacn
¥ s M surface sosison
o Symnmiley M g e eswen
. upper_wing BM surface session

¥ upper_ wing sla cave BM surface sesson
1« Velume Scenarie 3 BM volume scenario
v Default Session B yodune sessan

Scale lengih factor | 0.8

eowth Rate Fachor Lo

o Srale wirs fekd,
+ Rar-bidld sipe Falds
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Mesh Refinement Studies on Case 1 of HLPW-5 - five mesh levels

Functionality to automatically scale all length values of Batch Mesh

2
e

)
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Mesh output in multiple CFD mesh formats

OPENFOAM FLUENT

I CFX
CED++ i ‘ I . STAR CCM+

T

CobaltCFDa e ~ RavenCFD
POWERFLO,{ I I ‘ ‘

XFLOW,ProLB cGNs PLOT3D TAU  (estrel AVMesh
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Performance - Memory

211 million cells
Peak memory usage 92 Gb RAM

0.44 Gb/million cells

GENERAL

| Number Perc(%)

1190019251 |

|
|
| Grids
|

Surface nlnmnnt5| 2137201 |

[ Quads | 2034023 | 95.172
| Trias | 103178 | 4.828
| Polygons | ] | 0.000

|

[ Hexas | 177717350 | 84.056
[ Pentas | 7564111 | 3.578 |
| Pyramids | 5102918 | 2.414
| Tetras | 21042540 | 9.953

| Polyhedrals | 0 | 0.000

| Faces 1214878005 |

| Properties | 21 |

| Materials | 1 |
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Performance — Speed

2 million shell elements in 11 min

211 million volume elements in 34 min
Surface mesh = 11 million shells/hour
Volume mesh = 372 million cells/hour

Number of elements (millions)

B Surface
N Layers
H Farfield

Meshing time (min)

B Surface
H Layers
B Farfield
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Speed performance scalability

12 1
| —
10 '
8
__’
E' 6 —i== Surface
b —— Layers
& =i \/OlUME
4 m—p TOtal
2
0
40 50 60 70

N cores

Hardware used has 32 cores (64 threads)
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Use of Conflguratlons for modlfylng ﬂap angles - HLPW-4

nuu : Canhgurations
8 #& @]
Mew  Utilities DM
Gy |

|_'|-_Harru'.

T B B3 Maps 37-34

4oE AEE . HLPVWA_CRM-HL (R - w3 Maps 40-37

= B f s ¥ = T Naps 43-30
Don't use

BILPL CRM-EIL Foraplige_a3-00 Furpalhape 40-3F
]

5 Gn
Don't use 3‘« Don't use

_.nt\

tselage 3734 faps 4340 faps 40-37
iy I m &

Don't use

Mapd 3734

Model Browser>Configurations
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Morphing to change the AoA of the model in a wind tunnel - HLPW-4

Direct Morphing>DFM
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Morphing to change the AoA of the model in a wind tunnel - HLPW-4
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Morphing to change the AoA of the model in a wind tunnel - HLPW-4

DirectMorphing>DFM
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Morphing to change the AoA of the model in a wind tunnel - HLPW-4
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Meshing for CFD High Order methods — HLPW-5 Case 1 - WMLES methods
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Meshing for CFD High Order methods — HLPW-5 Case 1 - WMLES methods

2"d order anisotropic tetra mesh wit

AT i = g
" — B
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Mesh elevation to 3' and 4t order

CGNS Deck>Auxiliaries>High Order
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Recap

INGREDIENTS:
Quality
Speed
Automation

User Control
Feedback

Efficiency
Wide range

of fUhCTIOI‘IGIITy
Discipline and

_solver independent .
~Supporttt

www.beta-cae.com
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Closing remarks

> ANSA can generate fully automatically high quality meshes for aerospace models,
following precise user controls and specifications.

> ANSA presence is now widespread in the aerospace field (Industry, Academia, AIAA workshops..)

> We have achieved this by listening to our customers, working together and learning from them,
in order to provide them with the optimum solutions for their work.

> We have done this since the beginning of BETA CAE
and we have enjoyed every single moment of this journey.
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