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Global Mesh Controls

What you will learn from this presentation

* Introduction to Global Mesh Controls

* Defaults

* General Sizing Controls & Advanced Size Functions
* Global Inflation

* Assembly Meshing Controls

* Statistics

2 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



Preprocessing Workflow

Geometry Creation

3
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Meshing Process in ANSYS Meshing

Llnsert Local Mesh Controls ]

I Preview & Generate Mesh

4 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



Global Mesh Controls (1)

5

Global mesh controls are used to
make global adjustment in the
meshing strategy, which includes
sizing functions, inflation, smoothing,
defeaturing, parameter inputs,
assembly meshing inputs, etc.

Minimal inputs

— Automatically calculates global
element sizes based on the smallest
geometric entity

— Smart defaults are chosen based on
physics preference

Makes global adjustments for
required level of mesh refinement

Advanced Size Functions for resolving
regions with curvatures and
proximity of surfaces

© 2011 ANSYS, Inc. March 5, 2012

Details of "Mesh"

=l Defaults
Physics Preference
Solver Preference
Relevance
= Sizing
Use Advanced Size Function
Relevance Center

CFD
Fluent
0

On: Curvature
Coarse

Smoothing
Transition
Span Angle Center
Curvature Normal &ngle
Min Size
Max Face Size
Max Size
Growth Rate
Minimum Edge Length
Inflation
Use Automatic Inflation
Inflation Option
Transition Ratio
Maximum Layers
Growth Rate
Inflation Algorithm
View Advanced Options

Medium

Slaw

Fine

Default (15.0 %)
Default (56332004 m] <=
Default (36332002 m) <=
Default (0172660 m} <
Default (1.20 ) <
1.0m

plat s

Nong

Smooth Transition <
0.272 <
5

1.2

Pre

Mo

Smart defaults !

Initial Size Seed Adtive Assembly
Smoothing Medium
Transition Slow
Span Angle Center Fine

Curvature Normal Angle Default (18.0°%)

Min Size

Max Face Size

Max Size

Growth Rate
Minimum Edge Length

=1/ Infiation

Use Automatic Inflation
Inflation Option

Transition Ratio

Maximum Layers

Default (8.6332e-004 m)
Default (8.6332e-002 m)
Default (0.172660 m)
Default (1.20 )

10m

None

Smooth Transition
0.272

5

Growth Rate 12
Inflation Algarithm Pre
View Advanced Options No

I/ Assembly Meshing
Method None

I Patch Conforming Options
Triangle Surface Mesher

=1 Advanced
Shape Checking
Element Midside Nodes
Straight Sided Elements
Number of Retries
Extra Retries For Assembly
Rigid Body Behavior
Mesh Marphing

I Defeaturing
Pinch Tolerance
Generate Pinch on Refresh

Automatic Mesh Based Defeaturing

Defeaturing Tolerance
=] Statistics

Program Controlled

CFD
Dropped

0

Yes

Dimensionally Reduced
Disabled

Default (7.76992-004 m)
No
On
Default (4.31662-004 m)

Nodes
Elements
Mesh Metric None
Release 14.0




Global Mesh Controls (2)

Details of "Mesh"

{&| Project
&) Model (B3)
+ ‘,@ Geometry
JQ[] Vlrtual Topology

=|| Defaults

Physics Preference

Salver Preference

Relevance

-| Sizing

Use Advanced Size Function

Relevance Center
Initial Size Seed
Smoothing

Transition

Span Angle Center

Curvature Mormal Angle

Min Size

Max Face Size

Max Size
Growth Rate
Minimum Edge Length

=I| Inflation

Details of "Mesh"

i1

+

+

+

-+

Defaults
Sizing
Inflation

Assembly Meshing
Patch Conforming Options

Advanced
Defeaturing
Statistics

6

TS

-|| Defeaturing

Pinch Taolerance

Generate Pinch on Refresh

Automatic Mesh Based Defeaturing

Defeaturing Tolerance

|| Statistics
Modes

Elements
Mesh Metric

CFD
Fluent
1]

On: Curvature

Coarse

Active Assembly
Medium

Slow

Fine

Default (18,0 %)

Drefault (8.6332e-004 m)
Drefault (8.6332e-002 m)
Default [0.172660 m)
Default (1.20 )

1.0m

Mone

Smooth Transition
0.272

5

1.2

Pre

Mo

Mone

Program Controlled

CFD
Dropped

0

Yes

Dimensionally Reduced
Disabled

Drefault (7.7699e-004 m)
Na
an
Default (4.3166e-004 m)

Mone

© 2011 ANSYS, Inc.

March 5, 2012

Physics Based Settings
* Physics and Solver Preferences

GIobaI Mesh Sizing Controls
Relevance and Relevance Center
* Advanced Size Functions
®* Smoothing and Transition
* Span Angle Center
® Curvature Normal Angle
® Proximity Accuracy and Cells Across Gap

Inflation

* Inflation Option, Inflation Algorithm

* Collision Avoidance

* Maximum Angle, Fillet Ratio, Smoothing

Assembly Meshing
* Activation of CutCell/Tetrahedrons Meshing

Patch Confirming Options
* Activation of Advancing Front Method

Advanced
* Shape Checking
* Element midside nodes

Defeaturing
®* Pinch based
* Automatic Mesh Based

Statistics

* Mesh statistics, Quality criteria
Release 14.0



Global Mesh Controls (3)

7

Details of "Mesh" a

Details of "Mesh” 7 =I| Defaults
- Defaults Physics Preference CFD

Physics Preference cFD Solver Preference Fluent

Solver Preference Fluent

Relevance 0
Relevance 1]

-l Sizing Sizing

Use Advanced Size Function

Relevance Center

Initial Size Seed

Smoothing

Transition

Span Angle Center
Curvature Mormal Angle
Min Size
Max Face Size

Ori Curvature

Coarse

Active Assembly
Medium

Slow

Fine

Default {15.0 %)

Default (3.6332e-004 m)
Default (3.6332e-002 m)

\ 4

Use Advanced 5Size Function

Relevance Center

Initial Size Seed

Smoothing

Transition

Span Angle Center
Curvature Normal Angle

On: Curvature

Coarse

Active Assembly
Medium

Slow

Fine

Default (18.0 7

Max Size Default (0.172660 m) Min Size Default [8.6332e-004 m)
Growth Rate Default (1.20])
Minimum Edge Length 10m Max Face Size Default [8.6332e-002 m)
= Infation Max Size Default [0.172660 m]
Use Automatic Inflation Mone Growth Rate Default []..20 ]
Inflation Option Smooth Transition
Transition Ratio 0.272 Minimum Edge Length 1.0m
MMaximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No -l| Inflation
=I| Assembly Meshing Use Automatic Inflation Mone
Method Mone

-1/ Patch Conforming Options
Triangle Surface Mesher

Program Controlled

T Advanced
Shape Checking
Element Midside Modes
Straight Sided Elements
Mumber of Retries
Extra Retries For Assembly
Rigid Body Behavior
Mesh Marphing
-1| Defeaturing
Finch Tolerance
Generate Pinch on Refresh
Automatic Mesh Based Defeaturing
Defeaturing Tolerance
Statistics
Modes
Elements
Mesh Metric

CFD
Dropped

1]

Yes

Dimensionally Reduced
Disabled

Default (7.7699e-004 m)
Mo
On
Default (4.3166e-004 m)

MNone

Inflation Option
Transition Ratio
Maximum Layers
Growth Rate
Inflation Algorithm
View Advanced Options
Assembly Meshing
Method
Patch Conforming Options
Triangle Surface Mesher

Smooth Transition
0.272

5

1.2

Pre

Mo

Mone

Program Controlled

© 2011 ANSYS, Inc.

March 5, 2012

A 4

-|| Patch Conforming Options
Triangle Surface Mesher

—|| Advanced
Shape Checking
Element Midside Modes
Straight Sided Elements
Number of Retries
Extra Retries For Assembly
Rigid Body Behaviar
Mesh Marphing

-|| Defeaturing
Pinch Tolerance
Generate Pinch on Refresh

Automatic Mesh Based Defeaturing

Defeaturing Tolerance
-1 Statistics
Modes
Elements
Mesh Metric

Program Controlled

CFD
Dropped

0

Yes

Dimensionally Reduced
Disabled

Default (7.7699e-004 m)
Mo
On
Default (4.3166e-004 m)

Mone

Release 14.0




Defaults

Details of "Mesh”

-| Defaults

Use Advanced Size Function
Relevance Center
Inikial Size Seed
Smoothing
Transition
Span Angle Center
Curvature Mormal Angle
Iin Size
[Max Face Size
[Max Size
Growth Fate
Minirmurm Edge Length

8 © 2011 ANSYS, Inc.

Phyysics Preference CFD
Solver Preference Fluent
Relevance ]
-|| Sizing

2n: Curvature
Coarse

Active Assembly
High

Slaw

Fine

Defaul (18.02)
Default {0,33020 mm)
Default {33,020 mm)
Default (66,040 mm)
Default {1,200
12,70 mm

March 5, 2012

Four options under “Physics Preference”

— CFD, Mechanical, Explicit and Electromagnetic

Three options under “Solver Preference” when CFD is

selected:

— Fluent, CFX and POLYFLOW

Mesh setting defaults are automatically adjusted to suit the

“Physics Preference” and “Solver Preference”

Assembly Meshing is active only when Physics Preference is
CFD and Solver Preference is Fluent

Details of "Mesh”
-| Defaults
Phrysics Preference

Solver Preference
Relevance
-]/ Sizing

CFD
Fluent

L=}

Use Advanced Size Function | On: Curvature

Relevance Center
Initial Size Seed
Smookhing
Transition
Span Angle Center
Curvature Mormal Angle
Min Size
Max Face Size
[Max Size
Growth Rate
Mimimurn Edge Length

Coarse G
Active Assembly

Mediurn

Slow S
Fine G

Default (18,0 %) - —
Default {0.33020 mm)
Default {33,020 mm)
Default (66,040 mm)
Default {1,203

12,70 mm

Details of "Mesh"

-| default=s

Physics Preference
Relevance
-]/ Sizing

Relevance Center
Elerment Size

Inikial Size Seed

Smioathing

Transition

Span Angle Center

Minimurm Edge Length

Mechanical
u]

Use Advanced Size Function | OFF

Coarse G ——
Default

Active Assembly

Mediurm

Fast <
Coarse —

12,70 ram R

Release 14.0



SEE Defaults : Relevance

ot f T » Relevance and Relevance Center
Physcs Feference o e Useful for automatic Global Refinement or Coarsening of
! Siz;e;evance 1n I the meSh

Use Advanced Size Funckion | On: Curvature

Relevance Center

Initial Size Seed
Smookhing

Relevance Center
J SOElEE Medium Fine

'?e/@u
A Ce

9 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



Sizing : Advanced Sizing Functions

Details of "Mesh"

Transition Ratio 0.272 — Fixed
Maximum Layers =]
Growth Rate 1.2

Inflation Algorithm Pre

Wiew Advanced Options s}

 Defaults e  Controls the growth and distribution of mesh in important
Pheysics Preference CFD . . . .
Saver Preferance Fluent regions of high curvature or close proximity of surfaces
Relevance 10
- Sizing Details of "Mesh" I
Ise Advanced Size Function [SReT Qi G— -|| Defaults
Relevance Center OFF Phiysics Preference ZFD
- Zin: Proximity and Curvakure . . solver Preference Fluent
Initial Size Seed 'Y FIVE Optlons.
Smaothing ©n: Praximity Relevance o
Transition on: Fixed . || Sizing
Span &nagle Center Fire - Off' U n ava I Ia b I e fo r Asse m b Iy IJse Advanced Size Function Zn: Proximity
Curvature Mormal Angle | Default (16,560 <) M es h | n Relevance Center Coarse
Min Size Diefaulk {0.313320 mm) g Smaathing High
Max Face Size DeFault (31,3320 mm) 2.8 Prodmity Accuracy 0.5
Mas Size Default (62,6640 mm) B P rOX| m |ty a n d C u rvatu re Mum Cells Across zap Default 3}
Growth Rate Default (1.19450 ) C Procdmity Size Function Sources
Minimum Edge Length 12,70 mm u rVatU re MMin Size ; and Edges
=/ Inflation ] ] Max Size Edges
Use Automatic Inflation Mone — P roxim |ty Growth Rate Default (1.20)
Inflation Opkion Smooth Transition Minimum Edge Length 0.46540 mm

e  When CutCellMeshing is active with ‘Proximity’ or ‘Proximity
and Curvature’ ASF, Proximity Size Function Sources control is
displayed to specify the regions of proximity between edges,
faces or both in the computation of proximity SF

10 © 2011 ANSYS, Inc.
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N
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oQ

ASF: Off

» The edges are meshed
with global Element Size

* Then the edges are
refined for curvature and
2D proximity

« At the end, corresponding
face and volume mesh is
generated

e Transition of cell size is
defined by Transition

11 © 2011 ANSYS, Inc. March 5, 2012

NI
AV
>
N/

ASF: Curvature

» Determines the Edge and
Face sizes based on
Curvature Normal Angle

* Finer Curvature Normal
Angle creates finer surface
mesh

e Transition of cell size is
defined by Growth Rate

Advanced Sizing Function Examples

E s I/

ASF: Proximity

» Controls the mesh resolution
on proximity regions in the
model

* Fits in specified number of
elements in the narrow gaps

» Higher Number of Cells
Across Gap creates more
refined surface mesh

e Transition of cell size is
defined by Growth Rate

Release 14.0



Sizing : Advanced Sizing Function Examples

ASF: Proximity & Curvature

e Combines the effect of
‘Proximity’ and ‘Curvature’
size function

& More computational time

12 © 2011 ANSYS, Inc. March 5, 2012

ASF: Fixed

« Constant mesh size through
out

* No refinement due to
curvature or proximity in the
model

» Surface mesh is generated
with specified Max Face
Size

* Volume mesh is generated
with specified Max Size

o
ST SR NPAVAVAVIN R Ay

<
ISAA 7 <
< £ %i'% :‘

R
5557 AvAN G

ASF: Fixed + Local Sizings

» Mesh is refined locally due to
sizing (on 2 edges for that
example)

» Elsewhere size is defined by
Max (Face) Size

e Transition of cell size is
defined by Growth Rate

Release 14.0



Sizing : Element Size

Element Size

Dekails of "Mesh”

n

- Defaults

Use adwvanced Size Function
Relevance Center
Initial Size Sesd
Smioathing
Transition
Span Angle Center
Curvature Mormal Angle
Min Size
Max Face Size
Max Size
Growth Rate
Minirmurm Edge Length

Phwsics Preference CFD
Solver Preference Fluent

Relevance a
Sizing

on: Curvature
Coarse

Active Assembly
High

Slows

Fine

Default (15,0 )
Default (0.33020 mm)
Default (33,020 mm)
Default (A6, 040 mm)
Default (1.20)
12,70 mm

=T Infation

Use Automatic Inflation

Inflation Option
Transition Ratio
Maximurm Layers
Growth Rate

Inflation Algorithm

Views Advanced Options

13 © 2011 ANSYS, Inc.

Hane

Srooth Transition
0.272

5

1.2

Pre

Mo

March 5, 2012

Element size used for the entire model

— This size will be used for meshing all edges, faces and bodies

Default value based on Relevance and Initial Size Seed

Element size option
available when Advanced
Size Function is not used

— User can input required value as per geometry dimensions

Details of "Mash" q
-|| Defaults

Physics Preference CFD

Solver Preference Fluent

Relevance 0

-|| Sizing

IUse Advanced Size Function | OFF

Belevanre Cenber Coarae

B Element Size Defaull < —
TN Slee oeed TCE Raneray

Smoakhing Mediurm

Transition Sl

Span Angle Center Fing

FMinimurm Edge Lenagth 311,760 mm

Release 14.0



Sizing : Min and Max Size

Dekails of "Mesh”

- Defaults

Relevance Center
Initial Size Sesd
amoothing
Transition

Span Angle Center

Growth Rate

Idse Advanced Size Function

Curvature Mormal Angle
Min Size —
Max Face Size ey
Max Size —

Minirmurm Edge Length

Phwsics Preference CFD
Solver Preference Fluent

Relevance a
Sizing

on: Curvature
Coarse

Active Assembly
High

Slows

Fine

Default (15,0 )
Default (0.33020 mm)
Default (33,020 mm)
Default (A6, 040 mm)
Default (1.20)
12,70 mm

=T Intracion

Inflation Option
Transition Ratio
Maximumn Layers
Growth Rate

Inflation Algorithm

& Min Size < Max Face Size < Max Size

14 © 2011 ANSYS, Inc.

Idse Aukomatic Inflation

Yiew Advanced Options

one

Srooth Transition
0.272

5

1.2

Pre

Mo

March 5, 2012

Min Size
* Minimum element size that the size function will generate
* Some element sizes may be smaller than this size depending on
the edge length
Max Face Size
* Maximum face size that the size function will generate
* Not supported by CutCell meshing

Max Size

* Maximum element size that can be grown in the interior of
volume mesh

Mouse Pointer serves to estimate
mesh sizes

Min Size

Max Face Size

Max Size

Release 14.0



Sizing : Growth Rate

 Define the ratio between sizes of adjacent cells

elal Mesh * — On surfaces and inside the volumes
Phwsics Preference CFD
Solver Preference Fluent
Relevance a
-|| Sizing -
Use advanced Size Functiourvature
Relevance Center Coarse
Initial Size Seed Active Assembly
Smoothing High
Transition Slows
Span Angle Center Fine
Curvature Mormal Angle | Default (15,0 %)
Min Size Default (0.33020 mm)
Max Face Size Default (33,020 mm)
Max Size Default (A6, 040 mm)
Growth Rate Default (1,20) < m—
Minirmurmn Edge Length 12,70 mm
= InTiation
Use sukomatic Inflation Mone
Inflation Option Smookh Transition
Transition Ratio 0.272 G rOWth Rate = 1 - 3 ‘
Maxirmurn Lavers 5 V}‘P - '%'42»' ’
Growth Rate 1.2 | ‘ Y
Inflation Algorithm Pre M eSh S|Ze \‘
Yiew Advanced Options Mo

GR=1.1:1,263,297 cells
GR=1.2: 587,026 cells
GR=13: 392,061 cells

15 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



AWSSH Sizing : Transition

e  Controls the rate at which elements grow

Details of "Mesh" a
-~ Defaults . Two level control for transition
Phrysics Preference CFD
Salver Preference Fluent — Slow (Default for CFD, Explicit), produces smooth transitions
Relevance ]
~TSizing — Fast (Default for Mechanical and Electromagnetic), produces more
Use Advanced Size Function | On: Curvature o0
Relevance Center Coarse da bru pt tra nS|t|OnS
Initial Size Seed Active Assembly
Ml Medim A Not available for Cutcell meshing
Span Angle Center
— e Hidden for sheet models, ignored for assemblies containing
Max Face Size Default (9.94510 mm) Sheets, When ASF is On
Ma:x Size Default {19,590 mm)
Growth Rate Default (1,20 )
Minimum Edge Length 3,9918e-003 mm iy pro

Fast Slow

Ay YAV, -
STAV VAVAY,
AVAVA AVA%A%

., S V%‘AV‘
v

VA%

i

Modes 17019 Nodes 36485
Elements 75491 Elements 130733

16 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



Details of "Mesh"

Sizing : Smoothing

i
- Defaults
Phrysics Preference CFD
Solver Preference Fluenk
Relevance ]
Sizing
Use advanced Size Function | On: Curvakure
Relevance Center Coarse
Initial Size Seed Active Assembly
Lioww -
Transition .
Span Angle Center I‘I:"Iiegdhlum A

v

oz
T

2

/

A2RS

£752

7

>
=

=2

2
i

¥
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4
V7
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S
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N

DRKBBHR
IR AN
! @M&‘nﬁ’gﬁ:ﬁ?
NN
SENNRREER
OSSR

RN

Ny
N
N

AN

Low
TR
L

-||Statistics
Modes 35289
Elements 1758171

Mesh Metric

s
Iax
Average 0.5429497 154135022
Standard Deviation 9, 295095634992 39E-02

17 © 2011 ANSYS, Inc.

March 5, 2012

Improves quality by moving locations of nodes with respect to
surrounding nodes

Three level control for smoothing iterations
— High (Default for Explicit)

— Medium (Default for Mechanical, Electromagnetic and CFD)
- Low

For Cutcell meshing, the Smoothing option controls the quality

threshold at which it will start smoothin

iy O Sy
“fé?%{:ss%ﬁnﬁﬁﬁnaﬂ%’
RN
AR AT
\\\\%‘&anﬁwpgx\\\\,

s
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Yy,

VZ,
o

i
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i
o
A DR
o 755
e
7
77
A

i
fit
i

f

-|| Statistics
Modes 35850
Element: 151504

Mesh Mekric | Orthegenal-Guality

" naizscsnzeets
Max 0.3575584075 75035
Average 0,53497599144597 16
Standard Deviation §.88455263724525E-02

-|| Statistics
Nodes 35716
Flement: 180536
Mesh Metric |
o asrsssseoseross
Max 0.995350440465592
Average

Standard Deviation

0.850145343725712
3.5667755698507 2E-02
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Sizing : Span Angle Center

bl Helf *e  Controls curvature based refinement for Edges

Phrysics Preference CFD

ot reference e e Three options and corresponding span angle ranges are
) Elszeu:\zlvanced Size Function | On: Curvature TN Coa rse: 910 tO 600

Relevance Center Coarse

Initial Size Seed Active Assembly _ Medium: 750 to 240

Smookhing Medium

— | ! ) . .
— — Fine: 36°to 12
Span Angle Center Fine -
Curvature Mormal Angle [Coarse

Min size Not available for Cutcell meshing

Pl B i

Max Size Default (40379 mm)
Growtkh Rate Default (1,20 )
Minirurn Edge Lenagth 7.63920 mm

Medium

18 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



NWSSH Inflation

Dekails of "Mesh”

I Inflation

-|| Defaults

Pheysics Preference CFD i o o

ohver Proference Fluert * Used to generate thin cells adjacent to boundaries
Relevance a0

- Sizing * Required for capture of wall adjacent boundary layers

Use advanced Size Function |On: Curvature

Relevance Certer S _. — Resolve viscous boundary layer in CFD

Snactng el — Resolve thin air gaps in Electromagnetic analysis

Span Angle Center Fine . . . .

I:l'Cl.lr\v'agtureNl:nrmal.C\.ng|h3 Default (18,0 %) T RESO'VE hlgh StFESS Concentrathn regIOnS N Stl"UCtUI’ES

Min Size Default {9.9451e-002 mm) . . .
Ma Fare Size Default (9,54510 mm) * Cells are created by ‘inflating’ from the surface mesh into the
Max Size Default {19,890 mm) A -
Growth Rats Default (1.20) volume (3d) or inflating from the boundary edge onto the face (2d)

Minimum Edge Length 3.9915e-003 mm .

Inflation * Options to control growth

Use sukomatic Inflation Mone

Inflation Option Smooth Transition
Transition R.akio 0,272
Maximurm Layvers 5
Growth Rate 1.2

Inflation Algarithm Pre

Wigw Advanced Options Mo

19 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



Inflation : Automatic Inflation

Details of "Mesh"

Inflation Cption
Transition Ratio
Maximurm Layers
Growth Rake

Inflation algorithm

View Advanced Options

Hiane

-| Defaults
Physics Preference CFD
Solver Preference Fluent
Relevance a
-] Sizing
Use Advanced Size Function | On: Curvature
Relevance Center Coarse
Initial Size Seed Ackive Assembly
amoothing Medium
Transikion Slow
Span Angle Center Fine
Curvature Mormal Angle | Default (15.0 <)
Iin Size Default (9.9451-002 mm)
Max Face Size Default (9,94510 mm)
Max Size Default (19,590 mm)
Growkh Rate Default (1,203
Minimum Edge Length 3.9915e-003 mm
Inflation
IJse Aukamatic Inflatian — -

Mane

Program Controllied
Al Faces in Chosen Mamed Selection

5
1.2

20 © 2011 ANSYS, Inc.
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Three options

None

Select this for manual inflation settings using local mesh
controls

Program Controlled

All the faces are selected for inflation except:
Faces scoped to a Named Selection

Faces with manual inflation defined

Faces in contact regions

Faces in symmetry

Faces that belong to a part or body that has a mesh method
defined that does not support 3D inflation, such as sweep or hex-
dominant

Faces in sheet bodies

All Faces in chosen Named Selection: can grow inflation
layers from faces grouped in one named selection

Release 14.0



Inflation : Inflation Options

Five options: All available for PC tets and Assembly meshing
Details of "Mesh" a
- Defaults Smooth Transition
Physics Preference CFD : . .
Solver Preference Fluert Maintains smooth volumetric growth
. Relevance 0 between each adjacent layer. Total
-] Sizing

thickness depends on the variation of

Use Advanced Size Function | On: Curvature

Relevance Center Coarse base surface mesh sizes (Default)
Initial Size Seed Active dssembly VRN
smoothing Meddum First Layer Thickness
Transition Slow . ) ) )
Span Angle Certer Fine Maintains constant first cell height
Curvature Mormal Angle | Default (15,0 )
Min Size 1.60 mm throughOUt
Max Face Size Default (238, 760 mm) .
Max Size Default {477,510 mm) Total Thickness
 Growth Rate Defalt (1.20) Maintains constant total height of inflation
Minirurm Edge Length 0,303010 mm
Tnflation layer throughout
Use Automatic Inflation Program Controlled

Inflation Cption Smookh Transition <«

First Aspect Ratio
Total Thickness
istLa eTcess

L I Controls the heights of the inflation layers
First Aspect Ratio py defining the aspect ratio of the

inflations that are extruded from the
inflation base

Transition R.atio

Maximum Layers
Growth Rate
InFlation Algarithm

Wiew Advanced Options Mo

e e e i S M
<SEIANRR
s ravin

Last Aspect Ratio

Creates inflation layers using the values
of the first layer height, maximum layers,
and aspect ratio controls

Release 14.0
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Details of "Mesh"

-1| Defaults
Physics Preference
Solver Preference
Relevance
—|| Sizing
Use Advanced Size Function
Relevance Center
Initial Size Seed
Smoothing
Transition
Span Angle Center
Curvature Mormal Angle
Min Size
Max Face Size
Max Size
Growth Rate
Minimum Edge Length

CFD
Fluent
Q

On: Curvature

Coarse

Active Assembly
Medium

Slow

Fine

Default [18.0 %)

Default 7.7699e-005 m)
Default [7.7699e-003 m)
Default (1.554e-002 m)
Default (1.20 )

3.e-002 m

Inflation

Use Automatic Inflation

Inflation Option
Transition Ratio
Maximum Layers
Growth Rate

View Advanced Options

Program Controlled
Smoaoth Transition
0.272

5

1.2

Inflation Algorithm Pre

e Two Algorithms
— Post
— Pre
. Patch independent

meshes (including
Assembly) use Post

 First Tet grows then Inflation process starts
« Tet mesh is undisturbed, if the inflation options are altered
» Default option for Patch Independent Tetrahedrons

il , .
il Preview Inflation
M

is available only

=" aoull
i

V%

Post

" Ly ma o
o )

+| Patch Conforming Options
+ | Advanced

+|| Defeaturing

+ | Statistics

22 © 2011 ANSYS, Inc.
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with Pre Algorithm

» Surface mesh is inflated first, then rest of the volume mesh grows
» Default method for Patch Conforming Tetrahedrons

March 5, 2012
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Inflation: Automatic Inflation example

El ----- ﬁ Geometry

-~ @ Solid

----- v ;g\ Coordinate Systems
= o

e v‘% MultiZone

----- [# Mamed Selections

Details of "Mesh” n
[=I| Defaults
Phrysics Preference CFD
Solver Preference Fluent
Relevance o
Sizing
[Eﬁatiun
IJse Automatic Inflation | Program Controlled
Inflation Cption Smoath Transition
Transition R.atio 0,272 | _
Maximum Lavers 5 |
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options | Mo

MultiZone Cutcell
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Inflation : Advanced Options

Collision Avoidance: Control to detect proximity regions and adjust
the cells in the inflation layer.

Details of "Mesh" o
- | Defaults L4 None
Physics Preference CFD
Soler reference Fluent Does not check for proximity regions
—|| Sizing
Use Advanced e Funcion [Or: Comtur e Layer Compression (Default for Fluent)
g”m‘tjj'fh‘f:;“d o ey Compresses inflation layers in the proximity regions
Transfien v Maintains the given number of layers in the proximity regions
Span Angle Center Fine
Curvature Naormal Angle | Default (18.0 %) e , . . .
Min Size T Detaut 76995005 May stair-step if needed (will give a warning)
Max Face Size Default 7.76992-003 m)
Max Size Default (1.5542-002 m) . .
Srowth Rte Detault 1.20) ®  Stair Stepping (Default for CFX)
Minimum Edge Length 3.e002 m

[infiation Inflation layers are stair stepped in the proximity regions
Use Automatic Inflation Program Controlled
Inflation Option Smooth Transition Removing layers locally in steps to avoid collisions as well as bad quality
Transition Ratio 0,272
Masimum Layers 5 at sharp corners
Growth Rate 1.2
Inflation Algarithm Pre . o . .
bicoeoretipte o - When Cutcell meshing is used, both Layer Compression and Stair
+§ Assembly Meshing No . . . .
. S ____gp Steeping algorithms are used depending on the geometry complexity.
+| Advanced
+|| Defeaturing
*l| Statistics > Yiew Advanced Options Yes Generates Comblnatlon

24 © 2011 ANSYS, Inc.
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Laver Compression - |

Mone

Laver Compression
Skair Skepping
Maxirmum Height over Base |1

Collision Awvoidance

of Pyramids and Tets
to fill the stair step

Fix Firsk Lawer

3ap Factar
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sz Inflation : Collision Avoidance Example

Example
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Defeaturing

Removes small geometry features meeting the tolerances

- Defeaturing
Pinch Tolerance

zenerate Pinch on Refresh

Defeaturing Tolerance

Automatic Mesh Based Defeaturing felg -

Default (0,450 mm)
]

off

-|| Statistics

Modes
Elements

Mesh Mekric
Min
Max
Average
Standard Dewviakion

AMBD Off

1062

4635

Orthogaonal Quality
3.89516714593208E-02
0.954014635162033
0.798533560262516
0.144211529963035

26 © 2011 ANSYS, Inc.
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using Pinch or/and Automatic Mesh Based Defeaturing
controls in order to improve the mesh quality. Not all
meshing methods can take advantage of these controls

Pinch Tolerance control removes small features at the mesh

level depending on the Pinch Tolerance value provided.
ANSYS Meshing offers global and manual pinch controls

Automatic Mesh Based Defeaturing (AMBD) when it is ‘On’,
features smaller than or equal to the value of Defeaturing

Tolerance are removed automatically

-|| Skatistics
Modes 1120
Elements 5044
Mesh Metric rthogonal Guality
Min 0,325542409295744
Max 0.95726996595551 1
Average 0.8287285581610593
Standard Deviation 0.102011623082974
AMBD On

-|| Statistics

hodes
Elements

IMesh Metric
Min
Max
Bverage
Skandard Deviation

1126

S0g2

rthogonal Quality
0,3163991 10055364
0,989651 030587668
0.828515668133943
0. 102166085731 734

With Pinch

N
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Statistics

1 | Statistics
Modes 42344
Elements 192686

Mesh Metric

Orthogonal Quality ¥

Jarobian Ratio A
Warping Factor

Min

Max Parallel Deviation
Average Mazximum Corner Angle
Standard Deviation Skenness

0 iy

11{18{2010 3:02 PM

Geomatry £Print Preview

Mesh Metrics L
~

Controls

‘ —e— Tetd —— Wedd @ Pyra

S6674.00

50000.00
40000.00
20000.00

20000.00

1000080
m | N L

0.00
0.07 0.25 0.28 0.50 0.63 0.75 0.88 1.00

Number of Elements

Element Metrics

~

March 5, 2012
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Option to view the mesh quality metric
Exhaustive list of quality metrics
Orthogonal Quality mesh quality metrics

Option to view the Mesh Metric chart
— Intuitive controls available under Mesh Metric Chart
— Various options to explore under the ‘Controls’

See lecture 5 for details

Mesh
11{18(2010 3:07 PM

1310,

h\ Geometry APrint Preview ]

Mesh Metrics A x

Controls

|—.—Tet4 e WY o PyrS

56674.00
50000.00

40000.00
30000.00

2000000

10000.00
m . L

0.00
0.07 0.25 0.3 0.50 0.63 073 0.88 1.00

Element Metrics

Number of Elements

11/18/2010 3:06 PM
g y
aTln
7,

4

caad
@

Oy 5

I\ Geometry APrint Preview,

Mesh Metrics 3 x

Controls

‘_‘_TEM [0 Py PyS
237.00
200.00
2
g
£ 160.00
2
o
5 120,00
=
2
£ 50.00
=
=
40.00 I
oo HE— L
0.07 0.10 0.13 0.15 0.13 0.20

Element Metrics
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Workshop 3 — Global Mesh Controls

0.000 0.300 {m)

0.150
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Contents
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Sizing: ASF Controls

Sizing: Initial Size Seed
Sizing: ASF Examples

Sizing: CutCell

Inflation: Advanced Options
Advanced Controls

March 5, 2012
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Sizing : ASF Controls (Curvature & Proximity)

Curvature Normal Angle

e Defines the maximum angle between face normals

Details of 3
=] Defaults / .
Physics Preference CFD G t ,'\ '~ /~/
Solver Preference Fluent eometr i N !
Relevance o | y ,'l '\. 420 .- ./::1 8/0 -
| Sizing P / T KA
Use Advanced Size Function  ( [On: Eroximity and Curvature j = Zo=
Relevance Center Coarse
Initial Size Seed Active Assembly
Smoathing Medium
Transition Slow
Span Angle Center Fine
Curvature Mormal Angle Default (15,0 ©) uu—
Prosdmity Accuracy 0.5 G—
Mum Cells Across Gap Default (3) <
s _ s ieonin) |® Smaller angles will produce smaller cells on curved faces capturing
Max Face Size Default (0.517930 m)
o e Defot (10360 m) geometric curvature more accurately
Growth Rate Default (1.20)
Minimum Edge Length 5,28320m %
[=l| Inflation
Use Automatic Inflation Mone N u m Cel IS Across G a p
Inflation Option Smooth Transition - IR .
Tarsion e 0.2 ® Minimum number of cells spanning gaps
aximum Layers
Growth Rate 12 . .
R e ® Required to resolve flow gradients
View Advanced Options Mo

Proximity Accuracy
® Range 0-1
® (O faster, less accurate & 1 slower, more accurate

® Default value of 0.5 is a good compromise
30 © 2011 ANSYS, Inc. March 5, 2012 Release 14.0



Slzmg Initial Size Seed

Controls how the initial sizes are assigned O Unsuppressed body

Details of "Mesh" o

- Defaults ° Three options: O Suppressed body
Physics Preference CFD
SnlvRerlPreFerence Eluent i Active Assembly:

FSizing e Assigned based on the diagonal of the bounding box of

Use Advanced Size Function | On: Curvature

D

unsuppressed parts

e Mesh can change with varying bounding box sizes for O

Relevance Center Coarse

Initial Size Seed .ﬂctwe Assernbly

Smoathing

bl _
F'-I" Assembly various Suppressed/unsuppressed pa rts

Transition
Span Angle Center Fire
Curvature Normal Angle | Default (18,0 %) B Fu " Assem bly:
IMin Size Default {2,05710 rmm) . . .
o Dofack (205,710 ) e Assigned based on the diagonal of the bounding box of
Max Size Default (411,430 mm) all assembly parts regardless of the number of
Growth Rake Default (1 20 :l suppressed pa rts
Minimum Edge Length 311,760 mm
= Inflation e Mesh never changes if parts are
Use Automatic Inflation Maone
Inflation Cption amooth Transition Suppressed/unsuppressed
Transition Fatio 0.272 LI Pa rt.
Maxzirnurn Layers 5
Growth Rate 12 e This option is not available when ASF is On
Inflation Algarithm Pre
View Advanced Options | Mo e Assigned based on the diagonal of the bounding box of
each particular individual part as it is meshed
smoothing Adtive Assemb e The mesh never changes due to part suppression
. Full Assembly
T it . .
— Part e Typically generates finer mesh

Not available for Assembly (CutCell/Tetrahedrons)
Meshing
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Sizing : Advanced Sizing Functions

Fluid gap

32

© 2011 ANSYS, Inc.

March 5, 2012

¥
rﬁ‘%ﬂ

b

ASF : Off

* The edges are meshed
with global element size
computed by the mesher

* Then the edges are
refined for curvature and
2D proximity

» At the end, corresponding

face and volume mesh is
generated

%
i)
W

N

AV

i
t

ASF : Curvature

» Determines the Edge and
Face sizes based on
‘Curvature Normal Angle’

 ‘Curvature Normal Angle’
Is the max angle b/w
adjacent Face normals

* Finer Curvature Normal
Angle creates finer surface
mesh

Release 14.0




Sizing : Advanced Sizing Functions

ASF : Proximity

* Controls the mesh resolution
on proximity regions in the
model

* Fits in specified number of
elements in the narrow gaps

* Higher Number of Cells Across
Gap creates more refined
surface mesh

33 © 2011 ANSYS, Inc. March 5, 2012

ASF : Proximity & Curvature

e Combines the effect of
‘Proximity’ and ‘Curvature’ size
function

More computational time
due to combined effect of
Curvature and Proximity

—
i 4'40% ﬁ?;“ﬁ\
/

0,
VKN
W#{}‘MM I
WAl
mfiﬁ

/)

N
D
(] gm
R
f@%

ASF : Fixed
e Constant mesh size through out

¢ No refinement due to
curvature or proximity in the
model

e Surface mesh is generated with
specified Max Face Size

e VVolume mesh is generated with
specified Max Size
Release 14.0



Sizing : Advanced Sizing Functions with
Cutcell

|

Curvature

SN
SR
‘\‘\\ ¥, \\

\)
\%“\ﬁ‘ i)

|

Cutcell meshes generated with default settings
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Inflation : Advanced Options

Gap Factor

e Controls the size of Tet element to be filled in the gap after
inflation layers are generated

e For Gap Factor of 1, gap is controlled such that a tetra
element with height matching the base element size can
fit in the gap

e Applicable only when the Collision Avoidance is Layer
Compression or Stair stepping

Gap Factor=1

35 © 2011 ANSYS, Inc. March 5, 2012

- Defaults
Physics Preference

Solver Preference
Relevance
+| 5izing
-|| Inflation
Ise Automatic Inflation
Inflation Option
Transition Ratio
Maximurm Lavers
Growth Rate
Inflation Algorithm
Wiew Advanced Options
Caollision Avoidance
Fix First Layver

CFD
Fluent
u]

Program Controlled

Smooth Transition

0272

5

1.2

Pre

Yes

Layer Compression

Mo

D < il

Maximumn Height over Base | 1

Growth Rate Type
Maximumn Angle
Fillet: Ratio
Use Post Smoothing
Smoothing Iberations
-I| CutCeli™Meshing
Ackive
+ | Adyanced
+| Defeaturing
+| Statistics

Gaeometric
150.0 @

1

es

5

Mo

Higher Gap Factor means
more layer compression

Release 14.0



Inflation : Advanced Options

Fix First Layer

 Control for fixing the first layer height throughout
the model

Growth Rate Type
» Three types available
— Exponential, Geometric, Linear

« Controls the inflation layer height with selected
“growth rate type”

36 © 2011 ANSYS, Inc. March 5, 2012

Details of "Mesh"

- Defaults
Physics Preference
Solver Preference
Relevance
+| Bizing
=/ Inflation
Ise Aukornatic Inflakion
Inflation Opkion
Transition Ratio
[Maximurm Layers
Growth Rate
Inflation Algorithm
Wiew Advanced Options
Collision Avoidance

CFD
Fluent
u]

Program Controlled
Smaooth Transikion
0.272

5

1.2

Pre

fes

Layer Compression

Fix First Layer

Mo

2ap Factaor

Maximum Height over Base

Growth Rate Type

Maxirmum Angle
Fillet R.atio
Use Post Smoothing

Smoothing Iterations

+| CutCellMeshing

+ Advanced

+ | Defeaturing

+ | Statistics

0.5
1

Geometric -

ExEDnential
Linear

Yes
5
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Inflation : Advanced Options

Growth Rate Type

« Exponential

Nn = h1x e(”_l) >
« Geometric (Default)

Nn = h1x r(”_l) Hn = th

1-r
 Linear

hn = hux[L+ (N —2)(r —1)]

Maximum Angle
Fillet R atio

Details of "Mesh" o
-| Defaults
Physics Preference CFD
Solver Preference Fluent
Relevance a
+ | Sizing
-/ Inflation
Idse Automatic Inflation Program Contralled
Inflation Option Smooth Transition
Transition R.atio 0,272
Maximum Lavers 5
Growth Rate 1.2
Inflation algorithm Pre
Wigw Advanced Options Yes
Collision Avoidance Layer Compression
Fix Firsk Layer Mo
zap Fackor 0.5
Maximum Height over Base |1
Growth Rate Type Linear hd

Exponential

+| Advanced

Linear
U= Fos S0t [} Y
Smoothing Iterations 5
-|| CutCellMeshing
Active Mo

(n _1)(r _1) +2 Where h, is the initial layer height,
h,, is the height of layer n, r is the

2 growth rate, p an exponent, and
H,, is the total height at layer n

Hn = nhix
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Inflation : Advanced Options

M aXI m u m A n g I e Details of "Mesh" ]

-| Defaults
» Controls the projection/imprinting of the inflation
layers on the adjacent faces

Maximum Angle = 140°

Maximum Angle = 180°

Pheysics Preference

Solver Preference
Relevance

Sizing

Inflation

Use Automatic Inflation

Inflation Option
Transition Rakio
Maxirmum Layers
Growkh Rate

Inflation Algorithm

Wieww Advanced Options

Collision Awoidance

Fizx First Lawer

CFD
Fluent
u]

Program Controlled
Smooth Transikion
0.272

5

1.2

Fre

fes

Layer Compression
Mo

zap Factaor 0.5
Maximum Height aver Base |1
Growth Rate Type GGeometric
W Maximurn Angle 140.0°
1 Flet Ratio |1
Idse Post Smoathing Yes
smoothing Ikerations 5

+| CutCellMeshing
+| Advanced

+|| Defeaturing

+| Statistics

Adjacent Face Angle = 160°

Higher Maximum Angle means more chances
of layer projection on adjacent faces
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Inflation : Advanced Option

Fillet Ratio
- Generates the inflation layers at corner with fillet T T
like smoothing, proportional to inflation height st °
. g . —| Inflation
« Controls smoothing of corner nodes of inflation e o o [program Eonled
layers for better quality [
Maximum Lavers =]
Growth Fate 1.2
Inflation Algorithm Pre
FI”et Rat|0 = O Flllet Ratlo i 1 zﬁ;:;;:f::;iiztmns E::er Campression
- - //i. ' A"&q ‘ Fix First Layer gl
[ l '\ S Gap Factor 0.5
A L ‘\ Maximurm Height ower Base |1
////////“ Ar Growth Rate Type Geometric
aximum Angls 07
/| P, ] ||er. F!.ati-: 140 .
[/
’;’A : » e Fost smoohing Vs
AN ' Smoothing Ikerations 10
l} ‘J A‘ + EutEeIIMesEII'ning
7V A
/ 7 «a‘ +/| Statistics

Higher Fillet Ratio means more
smoothing for corner nodes
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Inflation : Advanced Options

Post Smoothing

* Checks whether to perform smoothing on inflation
layers after generation

* |f set to Yes, it moves node locations with respect to
adjacent nodes to improve quality

« Smoothing iterations control the number of
smoothing cycles to be perform after inflation layer
generation

Without Post With Post

Smoothing Smoothing
-|| Statistics - Statistics
Modes 75482 Modes 75499
Elements 21909 Elements 219224
Mesh Metric Crthogonal GQuality Mesh Metric Crthogonal Guality
Min 783784753144 795E-02 Min 0,152419064639509
Max 0,999007 751070449 Iax 0.9990077 37386726
Average 0.5594 78655335394 Average 0.8553953274656384

Standard Deviation 0. 102424084 268833 Skandard Deviation 0.102779723158533
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Dekails of "Mesh" n
- Defaults
Physics Preference CFD
Solver Preference Fluent
Relevance a
+| Sizing
-|| Inflation
Use Automatic Inflation Program Controlled
Inflation Option amooth Transition
Transition R.atio 0.272
Maxirum Layers 5
Growth Fate 1.2
Inflation Algorithm Pre
Wiew Advanced Options es
Collision Avoidance Layer Compression
Fix First Layer [ila]
3ap Factor 0.5
Maxirurm Height owver Base | 1
Growth Rate Type Geomekric
Maxirnum Angle 140.0¢°
Fill =t R.atio 1
Use Post Smoothing es
smoothing Iterations 5
+| CutCellMeshing
+| Advanced
+ | Defeaturing
+ | Statistics
Release 14.0




Inflation : Advanced Options

Dekails of "Meash”
- Defaults
Pheysics Preference

Maximum Height over Base

« Controls the allowable ratio of last inflation layer
height over the base element size

e Once this allowable value is reached, inflation
layers are grown but the cell height remains
constant

» Valid values are from 0.1 to 5. The default is 1.0

Solver Preference
Relevance
+||Sizing
—|| Inflation
Use Automatic Inflation
Inflation Option
First Laver Height
Mazximum Lavers
Aspect Ratio (Base/Height)
Wieww Advanced Options

Callision Avoidance

+| Advanced

Higher Max Height over
Base means thicker
inflation height

The value has been reached,
the prism growing continues
with constant height

41 © 2011 ANSYS, Inc. March 5, 2012

CFD
Fluent
]

Program Contrallied
Last Aspect Ratio
1. mm

20

3

Yes

Layer Compression

Fix First Layer Mo
] Gap Factor 0.5
Max Height over Base = 1 Max Height over Base = 0.1 I Maximum Height over Base ——
[ TGrowEn Rate Type o @eonmete
Mazximum Anale 160.0°
Fillet Ratio 1
Ise Post Smoothing Ve
amoothing Iterations 5
-| CutCellMeshing
Ackive Mo
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Advanced Controls

Details of "Mesh"

-1| Defaults
Physics Preference
Solver Preference
Relevance
—I| Sizing
e Advanced Size Function
Relevance Center
Initial Size Seed
Smookhing
Transitian
Span Angle Center
Curvature Mormal Angle
Min Size
Max Face Size
Max Size
Growth Rate
IMinimum Edge Length
+| Inflation
-| CutCellMeshing
Ackive

CFD
Fluent
u]

on: Curvature
Coarse

Active Assembly

High

Slow

Fine

25.0°

Defaulk {<4,90042-002 mm)
Defaulk (4,90040 mm)
Defaulk (9,80080 mm)
Defaulk (1,20 )

5. 1579e-004 mm

Mo

Advanced

Shape Checking

Element: Midside Modes
Straight Sided Elements
Mumnber of Retries

Extra Retries For Assembly
Rigid Body Behavwior

Mesh Morphing

CFD

Dropped
a \

Advanced group is not accessible for Cutcell meshing
Shape Checking

* The quality criterion varies with the type of physics

— For CFD uses a shape checking criterion based on the element
volume for any Non-Cutcell meshing, and on the orthogonal
quality for Cutcell meshing

» Mesh check fails if the above criteria is not met
Element Midsize Nodes

« Control for creating element with (quadratic element) or
without (linear element) midsize node
— Higher-order solution for Mechanical Analysis
* Not required for CFD
— Default option “Dropped”
See the User’s Guide for more details

Yes
Dirmensionally Reduced
Disabled

+ | Defeaturing
+|| Statistics
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Shape Checking
Elerment Midside Modes
Straight Sided Elements
Murber of Retries

Extra Retries Far Assembly

CFD -

Standard Mechanical
Aggressive Meachanical

Electrumainetics

Explicit
MNone

Elernznt Midside Nodes Cropped - |
| | Straight Sided Elements PVDEFEIITI Controlled
Mumber of Retries Kept
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