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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
* GloballInflation

* Assembly Meshing Controls

* Statistics
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Global Mesh Controls (1)

* 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.

* Minimalinputs
— Automatically calculates global

Details of "Mesh"

-I| Defaults
Physics Preference
Solver Preference
Relevance
-1\ Sizing
Use Advanced Size Function
Relevance Center

CFD
Fluent
0

On: Curvature
Coarse

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

Curvature Normal Angle Default (18.0 %)

Min Size

Max Face Size
Max Size
Growth Rate

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

Smoothing
Transition
Span Angle Center
Curvature Normal Angle
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 Algaorithm
View Advanced Options

Medium <
Slow <
Fine <
Default (18.0 %) <

Default (5.6332e-004 m) <€—
Default (8.6332e-002 m) <=
Default (0172660 m) <
Default (1.20 } <—
10m

Mone

Smoaoth Transition <—
0.272 <
5

1.2

Fre

Mo

Smart defaults!

Minimum Edge Length
-I|Inflation

Use Automatic Inflation

Inflation Option
Transition Ratio
Maximum Layers
Growth Rate

Inflation Algarithm

View Advanced Oetions

Default (8.6332e-004 m)
Default (8.6332e-002 m)
Default (0.172660 m)
Default (1,20}

10m

None

Smooth Transition
0.272

5

12

Pre

No

-1 Assembly Meshing
Method

- Patch Conforming Options
Triangle Surface Mesher

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

- Defeaturing
Pinch Tolerance
Generate Pinch on Refresh

Automatic Mesh Based Defeaturing

Defeaturing Tolerance
-I| Statistics
Nodes
Elements
Mesh Metric

None

Program Caontrolled

CFD
Dropped

0

Yes

Dimensionally Reduced
Disabled

Default 7.76992-004 m)
No
0on
Default (4.31662-004 m)

None




Global Mesh Controls (2)

Details of "Mesh"

= Project =|| Defaults
= k_J Model (33) Physics Preference
Solver Preference

J® Geometry Relevance

,,ﬂ ﬂ Vlrtual Topology| = sizing
Use Advanced 5ize Function

1 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
|| Inflation

Details of "Mesh” o
4| Defaults
+ | Sizing
+| Inflation

+ | Assembly Meshing
+| Patch Conforming Options

4| Advanced
+ | Defeaturing
+|| Statistics
= Defeaturl'npg -

Pinch Tolerance

Generate Pinch on Refresh

Automatic Mesh Based Defeaturing
Defeaturing Tolerance

1| 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)
Drefault (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)
MNa
on
Default (4.3166e-004 m)

Mone

Physics Based Settings
* Physics and Solver Preferences

Global 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




Global Mesh Controls (3)

Patch Conforming Options

Triangle Surface Mesher

Program Controlled

Advanced

Details of "Mesh" a
[ Details of "Mesh =l Defaults
[=l| Defaults Physics Preference CFD
p— —
Physics Preference cFD Solver Preference Fluent
Solver Preference Fluent
Relevance 0
Relevance 1]
=l Sizing [=1| Sizing
Use Advanced Size Function On: Curvature = Use Advanced Size Function On: Curvature
Relevance Center Coarse
— - Relevance Center Coarse
Initial Size Seed Active Assembly
Smoothing Medium Initial Size Seed Active Assembly
Transition Slow Smoothing Medium
Span Angle Center Fine .
Transition Slow
Curvature Mormal Angle Default (18.0 %) -
Min Size Default (8.6332e-004 m) 5pan Angle Center Fine
Max Face Size Default (8.6332e-002 m) Curvature Normal Angle Default (15.07)
W Si Default (0.172660 P
ax size sfauit (0 m Min Size Default (8.56332e-004 m)
Growth Rate Default (1.20])
Minimum Edge Length 10m Max Face Size Default (5.6332e-002 m)
=] ion Max Size Default [0.172660 m)
T RUTOT A ITatTaT
- B Growth Rate Default (1.20)
Inflation Option Smooth Transition —
Transition Ratio 0.272 Minimum Edge Length 10m
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre —
Wiew Advanced Options Mo [=l| Inflation
[=1| Assembly Meshing Use Automatic Inflation Mone
Method N - : e
etho . . [None Inflation Option smoaoth Transition
[=| Patch Conforming Options
Triangle Surface Mesher |Program Contraolled Transition Ratio 0272
[l Advanced Maximum Layers 5
PSTTap T CTTECRITg s
Element Midside Nodes Dropped Growth Rate 1.2
Straight Sided Elements Inflation Algorithm Pre
Mumber of Retries L View Advanced Options Mo
Extra Retries For Assembly Yes -
Rigid Body Behavior Dimensi Reduced I=| Assembly Meshing
Mesh Marphing Disabled Method | Mone
=/ Defeaturing [=| Patch Conforming Options
Finch Tolerance Default (7.7699e-004 m) .
Generate Pinch on Refresh No Triangle surface Mesher | Program Controlled

Automatic Mesh Based Defeaturing

On

Defeaturing Tolerance

Default [4.31662-004 m)

= Statisti

Shape Checking CFD
Element Midside Modes Dropped
Straight Sided Elements

Mumber of Retries li]

Extra Retries For Assembly Yes

Rigid Body Behavior

Dimensionally Reduced

Mesh Morphing

Disabled

Defeaturing

Pinch Tolerance

Default (7.7699e-004 m)

Generate Finch on Refresh

Mo

Automatic Mesh Based Defeaturing

Cn

MNodes

Elements

Mesh Metric

Defeaturing Tolerance

Default (4.3166e-004 m)

Statisti

Modes

=

Elements

Mesh Metric

R N Y
A\
e ———— N




Defaults

Four options under “Physics Preference”
— CFD, Mechanical, Explicit and Electromagnetic

H " ” H
Detsils of "Mest » o  Three options under “Solver Preference” when CFDis
-| Defaults
Phyysics Preference CFD se I eCted .
Solver Preference Fluent
Relevance 0 - Fluent, CFX and POLYFLOW
-] Sizing
Use &dvanced Size Function | On: Curvature o . . o
Relevance Center Caarse e  Mesh setting defaults are automatically adjusted to suit the
Initial Size Seed Active Assembly «“ . »” o“ ”
Smothing Hah Physics Preference” and “Solver Preference
Transition Sl
span Angle Center Fine e Assembly Meshing is active only when Physics Preferenceis
Curvature Mormal Angle  |Default {13.0 2}
Min Sze Defaul (0.33020 mm) CFD and Solver Preference is Fluent
Max Face Size Default (33,020 mm) .
Max Size Default (66, 040 mm) Details of "Mesh" Details of "Mesh"
Graowth Rate Default {1.20) =|| Defaults -|| Defaults
Minimurm Edge Length 12,70 Physics Preference CFD Phrysics Preference Mechanical
Solver Preference Flugent Relevance 0
Relevance = -|| 5izing
- Gizing Use Advanced Size Function | OFF
Use Advanced Size Function | On: Curvature Relevance Center Coarse e
Relevance Center Coarse G Element Size Default
Initial Size Seed Active Assembly Initial Size Seed Active Assembly
Smoothing Mediurm Smoathing Mediurm
Transition Slow — Transition Fask G
Span Angle Center Fine G Span Angle Center Coarse D
Curvature Mormal angle |Default (15,0 7))  «ee— Minirmurmn Edge Length 12,70 mm D
Iin Size Default (0.33020 mm)
Max Face Size Default (33,020 mm)
IMax Size Default (66,040 mm)
Growth Rate Default {1,203
Minirmurm Edge Length 12,70 mm




Defaults : Relevance

et of Mesh? 8 Relevance and Relevance Center
-| Defaults
Py Fafrence il e Useful for automatic Global Refinement or Coarsening of
I Relevance 10 I the meSh
-/ Sizing

Use Advanced Size Funckion | On: Curvature

Relevance Center

Initial Size Seed
Smookhing

Relevance Center
~ Coarse Medium Fine




Sizing : Advanced Sizing Functions

Details of "Mesh" a
[ Defaults e  Controls the growth and distribution of mesh inimportant
Pheysics Preference CFD . N . .
Sclver Preference et regions of high curvature or close proximity of surfaces
Relevance 10
-/ Sizing Details of "Mesh" n
Use Advanced Size Function [ g e e ] -|| Defaults
Relevance Center CFF Phyysics Preference CFD
o On: Proximity and Curyvature . . Solver Preference Fluent
Initial Size Seed PY FIVE Optlons.
Smaothing on: Proximity * Relevance o
Transition On; Fixed - Sizing
Span Angle Center Fine - Off' Use Advanced Size Function 2 Proximiby
Curvature Mormal Angle | Defaulk (16,850 =) . . RE"?VE'”_':E Cenker CF'EI’SE
i Size T — Proximity and Curvature Smosthing Fich
Max Face Size Defaulk (31,3320 ) Procmity Aocuracy 0.5
Max Sie Default (62,6640 mm) — Curvature |t Cell Across Gap | Default (3)
Growth Rate Default (1.19450 ) .. : Faces and Edges >
Minimum Edge Length 12,70 mm P roxim Ity Min Size
—| Inflation . Max Size g
Ise &ukomatic Inflation Mone leed Growth Rate Default (1.20)
Inflation Option Smoath Transition Minimum Edge Length 0.46840 mm
Transition Ratio 0.272
Maximum Layers =]
Growth Rate 1.2
Inflation Algorithm Pre
Wiew Advanced Options s}
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Sizing : Advanced Sizing Function (ASF) Examples

D
N K

V5 AVAN
VAZAY;

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

* Transition of cell size is
defined by Transition

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

:

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

[——
—-u




Sizing : Advanced Sizing Function Examples

ASF: Proximity & Curvature

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

A \ More computational time

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

i

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

| ANSYS




Sizing : Element Size

Details of “Mesh" n Element Slze
-|| Defaults
Physics Preference cFD e Element size used for the entire model
Solver Preference Fluent
et - — This size will be used for meshing all edges, faces and bodies
IUse Advanced Size Function | On: Curvature
Relevance Center Coarse e  Default value based on Relevance and Initial Size Seed
Initial Size Seed Ackive Assembly
Sl l — User can input required value as per geometry dimensions
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 (B6.040 mm)
Growkh Rate Default {1.20)
Minirmurmn Edge Length 12,70 mm Diekails of "Mash" q
I Thrracon -|| Defaults
Idse Aukomatic Inflation Mone Physics Preference CFD
Inflation Option Smookth Transition
Transition Ratio 0272 Solver Preference Fluent
Maxirmurn Layers 5 Relevance U
Grawth Rate 1.2 =I| Sizing
Inflation Algorithm Pre Element Size Optl on |Jse Advanced Size Function | OFF
Yiew Advanced Options Mo . B elmyance CEOber Cnarse
aval Iable Wh en Advan Ced M Element: Size Defalll < Gmm—
Size Function is not used [ e RV Asemoy
Smoothing Medium
Transition Slowy
Span Angle Center Fine
Minirurm Edge Length 311,760 mm




Sizing : Min and Max Size

Min Size

Dot of sy ? * Minimum element size that the size function will generate
vss Peforence SL * Some element sizes may be smaller than this size depending on
e L the edge length
IUse Advanced Size Function | On: Curvature .
Relevance Center Coarse Max Face Slze
Initial Size Seed Ackive Assembly
Znecthng i * Maximum face size that the size function will generate
Span Angle Center Fine .
Curvature Mormal Angle | Default (15,0 %) M ax Slze
Min Size el | Default (0.33020 mm)
M Facs Size === | Defau (33,020 mm) * Maximum element size that can be grown in the interior of
Max Size el | Dfault (66, 040 mm)
Growth Rate Default (1.20 ) volume mesh
Minirmurm Edge Length 12,70 mm
=T Infation
Ise aukomatic Inflation Mone
Inflation Option Smookh Transition
Transition Ratio 0.272 ; :
Masimum Layers 5 Mouse Pointer serves to estimate
Growth Rate 1.2 :
Inflation Algorithm Pre meSh SIZES
Views Advanced Options Mo
Min Size

Max Face Size

& Min Size < Max Face Size < Max Size Max Size



Sizing : Growth Rate

* Define the ratio between sizes of adjacent cells

Denels o Tesh I — Onsurfaces and inside the volumes
[=| Defaults
Phwsics Preference CFD
Solver Preference Fluent
Relevance I
=] Sizing
Use advanced Size Functiu:nr( on: @urvature
Relevance Center Coarse
Initial Size Seed Active Assembly
Smoothing High
Transition Slow
Span Angle Cenker Fine
Curvature Mormal Angle | Default (15,0 %)
Min Size Default (0.33020 mm)
Max Face Size Default (33,020 mm)
Max Size Default (66,040 rmm) 2 S
Growth Rate Default (1.20) <G ' » Ao VA VA ‘ :
Minirmum Edge Length 12,70 mm ™ s 10.0% (v
= TN TLIon S (e
Use sukomatic Inflation Mone
Inflation Option Smookth Transition
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation algorithrm Pre M es h S|Ze
Yiew Advanced Options Mo

GR=1.1:1,263,297 cells
GR=1.2: 587,026 cells
GR=1.3: 392,061 cells




Sizing : Transition

* Controls the rate at which elements grow

Details of “Mesh" n ..
= Defaults *  Two level control for transition
Phrysics Preference CFD L .
Salver Preference Fluer: — Slow (Default for CFD, Explicit), produces smooth transitions
Relevance ]
BIEE — Fast (Default for Mechanical and Electromagnetic), produces more
Use advanced Size Function | On: Curvakure a bru t tra nSltlonS
Relevance Center Coarse p
S et Aosenbly * Hidden for sheet models, ignored for assemblies containing
Slom - sheets, when ASF is On
Span Angle Center Fast
IMin Size Default (9.9451e-002 mm)
IMax Face Size Default (2,94510 mm)
Max Size Default (19,590 mm)
Growkh Rate Default (1,20}
Minimum Edge Length 3.9918e-003 mm

Madas 17019 Modes 36485
Elements 75401 I Elements 1830733

.

Ty ————



Sizing : Smoothing

. Improves quality by moving locations of nodes with respectto

Detaiks of Mesh" 7 surrounding nodes
-| Defaults
heysics Preference CFD . . .
b Prefmencs Flent Three level control for smoothing iterations
Relevance 0

Use Advanced Size Function | On: Curvature

Relevance Center Coarse — Medium (Default for Mechanical, Electromagnetic and CFD)
Initial Size Seed Active Assembly
Lanw - - LOW
Transition Mt
Rl e . 1 * For Cutcell meshing, the Smoothing option controls the quality

threshold at which it will start smoothing. High is recommended.

Tt OGRS ;
b ] Medium
s AT
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E\sgs}\tk Sy

¥,
SRR
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-I| Statistics -1| Statistics -|| Statistics
Modes 35289 Modes 35560 hodes 35716
Elerments 178171 Elzmert 181504 Element 160535

Mesh Metric Orthogonal Quali Mesh Mekric | rthegenat Quali Mesh Metric _ Orthaganat-Quality

Min (|0.159433237759087 Min (_0.219234540928443 Min (_|n.z67568660927052
Max 0.994295045 184473 Max 0.997558407575095 Max 0,995350440465592
Average 0.542949718413022 Average 0.849759914459716 Average 0.850145343728712
Standard Deviation 9,29869563499239E-02 Stal1£rd Devi‘ﬂn §,88455265724525E-02 Standard Deviation §.8667 755698507 2E-02

S — ————

S
.o




Sizing : Span Angle Center

2etels o eet ‘e  Controls curvature based refinement for Edges
Phrysics Preference CFD
olver Preference luen H H
v Prefer Foent e Three options and corresponding span angle ranges are

= sizing — Coarse: 91° to 60°

Use Advanced Size Function | Ons Curvakure

Relevance Center Coarse . ° °
Initial Size Seed Ackive Asserbly - M Ed ium: 75 tO 24

Smookhing Medium

Liagstion Slow — Fine: 36°to12°

Fine -
Curvature Mormal Angle CﬂadrSE

Min Size Pedumn
J E E [ n Ik WaTw] o=
Max Size Default (40379 mm)
Growkh Rate Default (1,20}
Minimum Edge Length 7.63920 mm




Inflation

Details of "Mesh" a
| Defaults
Phrysics Preference CFD
Solver Preference Fluent
Relevance ]
=1/ Sizing

Use Advanced Size Function

on: Curvature

Relevance Center

Coarse

Initial Size Seed

Active Assembly

Smookhing Mediurm
Transition Slow
Span &ngle Center Fine

Curvature Mormal Angle

Default (15,0 )

Min Size

Default {9,9451e-002 rm)

Max Face Size

Default (9.94510 mm)

Max Size

Default {19,890 mm)

Growth Rate

Default (1,20

Minimum Edge Length

3,9915e-003 mm

Inflation

Use Aukomatic Inflation

Mone

Inflation Option

Smooth Transition

Transition R.atio 0,272

Maximurm Layvers 5

Growth Rate 1.2
Inflation Algarithm Pre

Wigw Advanced Options

Mo

Inflation
* Used to generate thin cells adjacent to boundaries
[ J

Required for capture of wall adjacent boundary layers

— Resolve viscous boundary layer in CFD

— Resolve thin air gaps in Electromagnetic analysis

— Resolve high stress concentration regions in Structures

Cells are created by ‘inflating’ from the surface mesh into the
volume (3d) or inflating from the boundary edge onto the face (2d)

Options to control growth




Inflation : Automatic Inflation

Details of "Mesh"

-| Defaults
Physics Preference
Solver Preference
Relevance
-] Sizing
Use Advanced Size Function
Relevance Center
Initial Size Seed
amoothing
Transikian
Span Angle Center
Curvature Mormal Angle
Min Size
Max Face Size
Max Size
Growth Rate
Minimum Edge Length

CFD
Fluent
u]

on: Curvature
Coarse

Ackive Assembly
Mediunn

Slow

Fine

Default (15.0 <)
Default (9.9451-002 mm)
Default (9.94510 mm)
Default (19,890 mm)
Default (1,203
3.9915e-003 mm

Inflation

Lse Aukomatic Infation

Inflation Cption
Transition R.atio
Maximurm Layers
Growth Rake

Inflation algorithm

Yiew Advanced Options

Mone R
TMaone
Program Controllied

Al Faces in Chosen Mamed Selection
5

1.2
Pre
[la]

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 insymmetry

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

* Facesin sheet bodies

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




Inflation : Inflation Options

Five options: All available for PC tets and Assembly meshing
Details of "Mesh" o
| Defaults EE‘% Smooth Transition
Physics Preference ZFD SHERN . . i
solver Freferance Fluent m&%‘l\} Maintains smooth volumetric growth
el - VAVAA‘A%V"’ 1 | between each adjacent layer. Total
-1/ Sizing Zay . . .
se Advanced Size Function | On: Curvature ‘ thICkneSS depends OI:] the variation Of
Relevance Center Coarss /i | base surface mesh sizes (Default)
Initial Size Seed Active Assembly
Smoothing Medim First Layer Thickness
Transition Slow . . . .
Span Angle Certer Fine Maintains constant first cell height
Cll.lrv.?ture Mormal Angle | Default (15,0 %) th roug hout
Min Size 1.60 mm —F $\
Max Face Size Defaulk (233,760 mm) ";\\‘\\ .
Max Size Default (477,510 mm) A“"‘E} Total Thickness
 Growth Rate efault {1.20) 1 | Maintains constant total height ofinflation
Minimum Edge Length 0,303010 mm i
Tnfiation 1 II layer throughout
IUse Aukomatic Inflation Program Controlled il

First Aspect Ratio

Controls the heights of the inflationlayers
by defining the aspect ratio of the
inflations that are extruded from the
inflation base

Inflation Cption Smookh Transition <«
Transition R.atio

Maximum Layers
Growth Rate
InFlation Algarithm

Lask Aspect Ratio

Wiew Advanced Options Mo

= vﬁgﬁgﬁ;ﬁ\\} Last Aspect Ratio |

SG4M | Creates inflation layers using the values
of the first layer height, maximum layers,

and aspect ratio controls
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Details of "Mesh"

-1| Defaults
Physics Preference CFD
Solver Preference Fluent
Relevance 0
—|| Sizing
Use Advanced Size Function | On: Curvature
Relevance Center Coarse
Initial Size Seed Active Assembly
Smoothing Medium
Transition Slow
Span Angle Center Fine
Curvature Mormal Angle | Default (18.0 %)
Min Size Default 7.7699e-005 m)
Max Face Size Default [7.7699e-003 m)
Max Size Default (1.5542-002 m)
Growth Rate Default (1.20 )
Minimum Edge Length 3.e-002 m
Inflation
Use Automatic Inflation Program Controlled
Inflation Option Smaoth Transition
Transition Ratio 0,272
Maximum Layers 5
Growth Rate 1.2
View Advanced Options Post
TR m— e

Patch Conforming Options
+ | Advanced

+|| Defeaturing

+| Statistics

F

Inflation : Inflation Algorithms

e  Two Algorithms
— Post
— Pre

. Patch independent
meshes use Post

[ )
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Tet mesh is undisturbed, if the inflation options are altered
Default option for Patch Independent Tetrahedrons

Preview Inflation
is available only
with Pre Algorithm
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« Surface mesh is inflated first, then rest of the volume meshgrows
» Default method for Patch ConformingTetrahedrons




Defeaturing

. Removes small geometry features meeting the tolerances
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

| Defeaturing

Pinch Tolerance Default (0,450 mm)
Generate Pinch on Refresh Mo
Autamatic Mesh Based Defeaturing falg

Defeaturing Tolerance Off

Automatic Mesh Based Defeaturing (AMBD) when it is ‘On/,
features smaller than or equal to the value of Defeaturing
Tolerance are removed automatically

AMBD Off

|=I| Statistics Statistics
Modes 1062 Modes 1120
Elerments 4635 Elements 5044
IMesh Metric Orthogonal Quality Mesh Metric Orthogonal Quality
Mlin 3.895167145932068E-02 Min 0.3255424092987 44
M 0,984014635162033 Max 0,957 269965958511
Average 0.798533560262816 Average 0.52572855816105893
Skandard Deviation 0. 144211529963035 Standard Deviation 0,102011623082974

AMBD On




Statistics

1/ Statistics
Modes 42344
Elements 192686

Mesh Metric

Crthgonal Quality

Jarobian Ratio
Warping Factor

Min

Max Parallel Deviation
fAverage Mazximum Corner Angle
Standard Deviation Skenness

0

11/18/2010 3:02 P

Geometry APrint Preview, ]

Miesh Metrics 2 x

Controls

‘_._ Tetd el V2D ]
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Number of Elements

Element Metrics

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 Module 5 for details
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Parallel Statistic Calculations

{ﬁ] B : Mesh - Meshing [ANSYS ICEM CFD]

r o
Options " @

@ Common Settings Meshing
- - - - r H .
File Edit View Units| Tools | Hel s+ | ! (Gen &) DesignModeler .
FI = il @ Aqwa Applet = relslung -
) + ) = - elevance
P Show Vertices E@_V‘ Addins... @ Mechanicel Allow Selective Meshing Yes
p Ooti T Unmeshable Arsas Show All Failed
Mesh _-(}' UpdEtE % Ptlﬂl'ls... Number of Retries 4
i {73 FE Model
Outline Variable Manager = fEode I < 1]
Filter' Mame - R|_|r| MECFD... Default Method Automatic [Patch Conforming/Sweeping)
Werbose Messages from Meshing Off

= Virtual Topology
Merge Edges Bounding Manually Created Faces | Yes
= Sizing

Use Advanced Size Function On: Proximity and Curvature
=1/ Inflation

Maximum Height over Base 1

Gap Factor 0.5

Reset 0K | Cancel Help

Note that statistics can utilize multi-core machinesto
speed up calculations in parallel

Specify your core count in Tools > Options to allow this

Note that options set here will be remembered for future
sessions so you can set physics preference default etc here.




Workshop 3 — Global Mesh Controls
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Introduction to ANSYS Meshing

Module 4: Local Mesh Controls
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Local Mesh Controls

What you will learn from this presentation

* Local mesh controls (Mesh sizing, Refinement, Match control, Inflation, etc)
* How to apply local controls?
* Effect of local controls on mesh
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Preprocessing Workflow

Geometry Creation
Geometry '
Operations Meshing
Geometry Import

Solver
Sketchesand | =3|  Meshi v
etchesan . eshing S ——
=>[ Planes y sD Operatlons } => Methods ] 1 Fluid Flom |.__"—-F.-'-.__,
—— ) z Eﬁ Geometry
Boolean, Body = Hy_brld Mesh: T_et,
=(>[ 3D Operations Operations, Split, | Prisms, Pyramids | 3 @@ Mesh
etc
( A 4 @ Setup
Extrude, Revolve, => Hexa Domingnt, :
Sweep, etc Sweep meshing 5 @3 Solution
Geometry \ J
\=| Cleanupand [ 6 @ Results
Repair ,
Geometry Import . [ Meshing Fluid Elow
Options : D e 2
Acultomatlc s Global Mesh
eanup :
&9[ Direct CAD/Bi- } / | Settings
Directional CAD
'\Iferge'.cc’”“e“' b [ Local Mesh 1)
rojection, Flow )
Volume Settings
Extraction, etc )
Sizing,
Body/Sphere of

Influence, Match

Control, etc )

NANSYS




Meshing Process in ANSYS Meshing

LSpecify Global Mesh Settings
l (B




Local Mesh Controls

Control the mesh locally
* Depends on the “Mesh Method” used

Local Mesh Controls are:
* Sizing
— For Vertex, Edge, Face and Body

(N Method

'.; Update @.\ Sizing
j"l,‘ Contack Sizing

- Generate Mesh
< ..-_ﬁ, Refinement

* Contact Sizing Preview b
, . Mapped Face Meshing

— For Edge and face e i@ Match Contral
-} Create Pinch Controls & Finch
° . i
Reflnement # ] Clear Generated Data A% Inflation
— For Vertex, Edge and Face alb Rename

* Mapped Face Meshing
— ForFace

* Match Control
— For Edge and Face

* Pinch

— For Vertex and Edge
* Inflation

— For Edge andFace

& The latest control added on a particularentity
overrides any prior controls
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Sizing

Recommended for locally defining the mesh sizes @ Method

o . . o @.\ Sizing
You can only scope sizing to one geometry entity type at atime %, Contort Sing

* For example: you can apply sizing to a number of edges or a number of faces, but not a mix of | £ Refinement

edges and faces. Bl Mapped Face Meshing

. o . ﬁ Match Control
Four Types of Sizing option & Pinch
* Element Size specifies average element edge length on bodies, faces oredges A% Inflation
* Number of Divisions specifies number of elements on edge(s) outlin 7

Project
* Body of Influence specifies average element size within a body - :4%121 (63)
+ 2Omerry
* Sphere of Influence specifies average element size within the sphere : */’5@:; Courcinats Systems
ﬁ.‘ Edge Sizing <« m—

Sizing options vary depending on the entity type chosen

Entity/Option | Element Size| Numberof Divisions | Body of Influence | Sphere of Influence

Vertices X
Edges X X Requi(es a
Faces ” Coordinate
. system for
Bodies X X the sphere

ij Only Element Size type is available for
CutCell meshing




Sizing : Edges

Sizing Type:
Element Size
Details of "Edge Sizing” - Sizing o
= Scope
Scoping Method Geometry Selection
Geometry 1 Edge
[=|| Definition
Suppressed M
Type Element Size  uum—
Elemnent Size &0, mim B
Behavior Sioft
Curvature Normal Angle | Default
Growth Rate Defaulk
Bias Tvpe Mo Bias
Sizing Type:
Number of Divisions
Details of "Edge Sizing" - Sizing a
=] Scope
Scoping Method Geometry Selection
Geomekry 1 Edge
[=|| Definition Edge
Suppressed Mo
Type ey | umnbet of Divisions EIementS
Mumber of Divisions 10 e
Behavior Soft
Curvature Normal Angle | Default The Curvature Normal Angle and/or the Growth Rate
Growth Rate Default ) )
Fizs Typs o Bias maybe not displayed depending on the ASF used

e ——— Y



Sizing : Edges

Bias Type and Bias Factor

Specify the grading scheme and factor

* Bias Option:

& Method
B Sizing
"I,‘ Contack Sizing
* Bias Type: grading of elements towards one end, both ends, or the center £, refinement
Behavior Soft Behavior Soft BB rapped Face Meshing
: : - ¥ Bias Type o ﬁ Match Cantral
Bias Option Smooth Transition hd ;
Bias Factor - — — Bins Cromth Rat Ss Factor B Pinch
ST T T a5 Lro ate A% Inflation
Mo Bias

— Bias Factor: is the ratio of the largest element to the smallest element

— Smooth Transition: defined by Growth Rate which is ratio of size of an
element with size of previous element. (Growth Rate = Bias Factor?(1(n-1))

[=1| Definition

Suppressed Mo

Type MNumber of Divisions
Mumber of Divisions | &

Behavior Soft

Bias Type —

Bias Option Bias Factor
Bias Factor

Definition

Suppressed Mo

Type Number of Divisions
Mumber of Divisions |8

Behavior Soft

Bias Type —n

Bias Option Bias Factor
Bias Factor 5.

y

Definition

Suppressed MNa

Type MNumber of Divisions
Mumber of Divisions |8

Behavior Soft

Bias Type —

Bias Option
Bias Factor

SR
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Sizing : Edges

Behavior

Soft: Sizing will be influenced by global sizing functions such as those based on
proximity and/or curvature as well as local mesh controls

Hard: Size control is strictly adhered to

*Transition between hard edges (or any edge with bias) and adjacentedge
& and face meshes may be abrupt
*Hard edges or edges with bias will override Max Face Size and Max Size

properties |
Details of "Edge Sizing" - Sizing n
-l Scope
= '//% il - Scoping Method Geometry Selection
ﬁ.‘ Edge Sizing
Geometry 2 Edges
Details of "Mesh" 7 | |- Definition
- Defaults Suppressed Mo
Physics Preference CFD Type NUmbBrEF Divisions |
Salver Preference Fluent Mumber of Divisions 4 -
Relevance ] Behavior Soft  <m—
=|| Sizing Curvature Mormal Angle | Default
Use Advanced Size Function |On: Proximity Growth Rate Default
Relevance Center Coarse Bias Type Mo Bias
Initial Size Seed Active Assembly & Sizi \4]/ ,|i
Smoothing Medium "\L ¢ L, =
Transition Slow Dekails of "Edge Sizing” - Sizing a \z_’ [
Span Angle Center Fine -|| Scope [N IS ey
Prosimity Accuracy 0.5 Scoping Method Geometry Selection j, T
Numn Cells Across Gap |5 < Geometry 2 Edges f/ “‘_E<( %\tr
Min Size Default {2.05710 mm) ~I| Definition = b 4 - - )
Max Face Size Default {205,710 mm) Suppressed Mo | — o \>’
Max Size Default (411,430 mmm) Type Mumber of Divisions \ — ﬁ
Growth Rate Default {1,207 Murnber of Divisions | 4 L= - —
Minimum Edge Length 311,760 mm Behaviar Hard D — \ b R
Bias Tvpe Mo Bias i

& Method

@.\ Sizing
"I,‘ Zontack Sizing
& Refinement

Bl Mapped Face Meshing
fig Makch Control

B Pinch
A% Inflation

Behaviar

Bias Type

Bias Factor

Influenced by global
Proximity advanced
size function.

No influence from other
global settings




Sizing : Faces
ANSYS

Element Size % Method

. o o @.\ Sizing
Defines the maximum element size on the face . Contact Sizing
& Refinement

| ﬁ,‘ Face Sizing ‘v"ii'A'x . Mapped Face Meshing
Details of "Face Sizing" - Sizing n N%“ia» ﬁ Mateh Control
-||Scope ‘%‘n‘ﬁ$ % Pinch
Z-:-:-pingt Method finmetry Selection %‘hgzéﬁ ‘ Irflation
= Deofm?t'ry = é%gsgg'A
efinition RRE
Suppressed Mo )
Tvpe Element Size -
vaIement Size 0.2 MM mm— Face meShed Wlth
Behavicr soft constant element
Curvature Marmal Angle | Default .
Growth Rate Default Slze
ﬁ,\ Face Sizine
Details of "Face Sizing"” - Sizin n
-1|Scope : : ” h
Scoping Method Geometry Selection 4"4 n’
> /]
Geametry 1 Face ‘ﬂ‘ Eﬂ
—|| Definition !ﬂ}‘ E’
Suppressed Mo g%'é 5‘ -
Type Elernent Size nﬂ! %ﬂh
Element Size Default ﬂ; a""
Behavior Soft H
Curvature Mormal Angle | 10,0 % <ue— w ﬂ" Edge cu rvatu reis
Growth Rate 120 resolved




Sizing : Body (volume)

85 Method

. ﬁ.\ Sizing
Element SIZE "I,‘ Contack Sizing

‘ Refinement

Defines the maximum cell size on the Body B 17ac ped o onching

figd Match Control

& Pinch
A% Irflation

Details of "Body Sizing” - Sizing a
_ - i =l Scope
Scoping Methad Geannekry Selection
Geometry 1 Body
[=)| Definition
Suppressed Mo
Tvpe Element Size
|| Element Size 2. mm
Behavior Soft
|| Curvature Mormal Angle | Default
|| Growth Rate Default




Sizing : Sphere of Influence

85 Method

@.\ Sizing

Sphere of Influence : on Vertex W, Contact Sizing

ﬁ_ Refinement

— Available with or without Advanced Size Functions _
BB Mapped Fare Meshing

— Sets the average element size around the selected vertex | & tstch contral
& Pinch
- |nputS: A% Irflation

* Sphere radius and Element size
* Center of the sphere is defined by a model vertex

Details of "Wertex Sizing" - Sizing o
-|| Scope
Scoping Method | Geometry Selection
Geometry 1 Vertey  «c—
—|| Definition
Suppressed Mo
Tvpe Sphere of Influence

Sphere Radius | 10, mm = <—
Element Size  |0.35 mm — <u—

* Good resolution at the vertex

* The element size will be applied to all entities
connected to the selected vertex
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Sizing : Sphere of Influence

Sphere of Influence : on Bodies
— Available with or without Advanced Size Functions

— Constant element size is applied within the confines
of a sphere

— Use coordinate system to define the center of the
Sphere

- ‘/;.é;. Coordinabe Systems
v’;'!‘- Global Coordinate System
S My LTS

= J% Mesh
ﬁ.\ Body Sizine

Details of "Body Sizing" - Sizing a

- Scope
Scoping Method | Geometry Selection
Geomekry 1 Body
-|| Definition
Suppressed Mo
Type Sphere of Influence
Sphere Center My |75 < m—
Sphere Radius |10, mm — <—
Element Size |03 mm  <Ge—

85 Method

@.\ Sizing

"I,‘ Zonkact Sizing
ﬁ_ Refinement

BB Mapped Fare Meshing
figd Match Control

& Pinch
A% Irflation
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Sizing : Bodies of Influence

85 Method
. . @.\ Sizing
Bodies of influence (BOI) et s
— Lines, surfaces and solid bodies can be used torefine &3 Refinermert
the mESh BB Mapped Fare Meshing
figd Match Control
— Accessible when ASF is On ? Binch
Inflation

Line BOls

‘*‘

Solid BOI

| — >




Mapped Face Meshing

1 Method
. Sizing
* Creates structured meshes on selected mappable surfaces W, Contact Sizing
— Mapped Face Meshing with advanced control is supportedfor f;ﬂ;ﬂ:ﬁ; —
* Sweep, Patch Conforming, Hexa Dominant i@ Match Control
« Quad Dominant and Triangles ? :';”F:tim
— Mapped Face Meshing with basic control is supportedfor
e MultiZone Ml b
* Uniform Quad/Tri and Uniform Quad ’ Hprate :
— RMB on Mesh and Show/Mappable Faces to displayall ’ :tM .
mappable faces

{. Mapped Face Meshing

A
iy

i
’

;{&m
/

Details of "Mapped Face Meshing" - Mapped Face M., &

/]

—||Scope
Scoping Method Geametry Seleckion

\/7
o, e s
Suppressed Mo ‘#"’gﬁ”‘ ﬁé%x

f
o
i
il

Canstrain Boundary | Mo

)

- Advanced

41v

Specified Sides
Specified Carners
Specified Ends

Mane
Mone
Maone

A If Mapped Face Meshing fails, icon appears adjacent to corresponding object
in the Tree outline. The mesh will still be created but will ignore this control.
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 ‘Side’, ‘Corner’ and ‘End’ controls for vertices, to define strategyfor

Mapped Face Meshing: Vertex Type

Mapping

Details of "Mapped Face Meshing

I=I| Scope
Scoping Method Geometry Selection
Geomekry 1 Face

I=]| Definition
Suppressed Mo
Method Quadrilater als
Constrain Boundary |Mo

I=l| Adwanced
specified Sides 1 Wertey < m—
Specified Corners  |MONE  u—
Specified Ends Mone PUR—

Side vertex

End wvertex

Comer
.................. VEIT-EX

& Method

@.\ Sizing
"I,‘ Zontack Sizing
& Refinement

Bl Mapped Face Meshing

figdl Makch Control

B Pinch
A% Inflation

VertexType Intersecting Grid Lines Angle Between Edges
End 0 0° —135°
Side 1 136° —224°
Corner 2 225° —314°
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Mapped Face Meshing: Example

Vertex type is dependant to the attached face =>
the mesh can be individually controlled on all faces

RNy ————
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Mapped Face Meshing: Radial No. of Divisions

* If face is defined by two loops, then the “Radial Number of Divisions” T method

field is activated %, sSizing
"I,‘ Conkack Sizing

* Specify the number of divisions across the annularregion £ refinement

» Useful for creating number of layers across an annulus = :E'Eﬂ:z Fatcelfﬂeshinu
3L ancro

B Finch
A% Inflation

Mapped Face Meshing

- _;% Mesh
(% Sweep Method
(. Mapped Face Meshing

Details of "Mapped Face Meshing" - Mapped Face Mes,,, 3

-|| Scope

Scoping Method Geomekry Seleckion :

Geometry 1 Face Mapped face is Swept to create
=l|Definition pure hex mesh

Suppressed Mo

M Radial Mumber of Divisions T
Conskrain Boundary Mo Jij{lll‘;f;ylr;




Match Control

 Define periodicity on faces (3D) or edges (2D) @ Method
* The two faces or edges should be topologically and geometrically the same f ii:n”;ﬂ g
* A match control can only be assigned to one unique face/edge pair £ Refinement
* Match controls are not supported with Post Inflation Algorithm Ij Mapped Face Meshing
* Match Control with Patch Independent tetrahedrons not supported yet ; :::;h conte
— Two types of match controls available: A% Tnflation
* Cyclicand

* Arbitrary
— Not available for CutCell meshing

Details of "Match Contral” - Match Control n
-|| Scope

High Geometry Selection | 1 Face

Low Geometry Selection |1 Face MatChing face
=|| definition meSh
Suppressed

Transformation
Axis of Rokation

Zontrol Messages

If ‘Match Control’fails, (=" icon appears adjacent to corresponding
object in the outline Tree, however the mesh is created ignoring it
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Match Control: Cyclic

» Define Rotational periodic

- Full Model ~ CutBoundaries  Periodic Model

& Method

@.\ Sizing
"I,‘ Zontack Sizing
& Refinement

[ tapped Face Meshing

fig Makch Control

B Pinch

A% Inflation

Model is symmetrical at 90° so slice the body along dotted lines in DesignModeler

Dekails of "Match Contral” - Match Control n
=l Scope
High Geometry Selection |1 Face — G
Laove Geometry Selection |1 Fare e Selected Faces
5| Definition “for Match control
Suppressed o
Transformation Cyilic PO Matching face
&:xis of Rokation Global Coordinate System <
Conkral Messages Mo meSh

Y

\




* Two faces or edges to be matched, can be arbitrarilylocated

Match Control: Arbitrary

Details of "Match Control” - Makch Contral

|-l Scope

High Geametry Selection

1 Face

Low Geometry Selection

1 Face

Definition

Suppressed

Mo

Transfarmation

Arbitrary — —

High Coordinate Svstem

&lobal Coordinate System

Low Coordinate Syskem

Coordinate System

Control Messages

Mo




Pinch

& Method

@.\ Sizing

* TO improve quality PinCh contrOI "I,‘ Contack Sizing
removes small features (edges or & "efr=m=rt
narrow regions) at the mesh Ievel Bl Mapped Face Meshing

|§ Makch Control
* The Pinch feature is supported T Finch

&% Inflation
for the following mesh methods: —
e Patch Conforming Tetrahedrons

Thin Solid Sweeps

Hex Dominant meshing

Quad Dominant Surface Meshing

Triangles Surface meshing

— Not supported for CutCell
meshing

— More details in lecture 5 “Mesh
Quality”
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Inflation

Used to generate prism layers (as explained in Global settings chapter) % method

Inflation layer can be applied to faces or bodies using respectively edgesor ™ 5™

"I,‘ Zontack Sizing

faces as the boundary B, Refinement
Bl Mapped Face Meshing
S P woss ot Inflation layer grown on edge boundary (red) fig Mtch Control
1 or, P T— - @ Pinch
Details of "Inflation” - Inflation a J“ InFlation
-] Scope
Scoping Method Geametry Selection
Geometry 1 Face < —
[=| Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary 1Edge < m—
Inflakion Option Firsk Lawver Thickness
First Laver Height 2.5e-002 m
Maximum Layers 4
Growth Rate 1.z
Inflation Algorithm Pre

Inflation layer grown on face boundary (red)

Details of "Inflakion” - Inflation

[=]| Scope
Scoping Method Geometry Seleckion
Geanmekry 1 Body < —
[=| Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary DFACEs < —
Inflation Cption First Lawver Thickness
First Lawver Height 2.5e-002 m
Mazximum Lavers 5
Growth Rate 1.2
Irflation Algarithrm Pre




Workshop 4 — Local Mesh Controls

0.02z
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Appendix

Contents

Edge, Face & Body Sizing Options

Sizing: Sphere of Influence

Contact Sizing

Refinement

Inflation

Object generator for copying mesh settings to like bodies
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Edge, Face and Body Sizing Options

Curvature Normal Angle
Maximum allowable angle that one element edge is allowed tospan

Available only when Use Advanced Size Function is set to either On: Proximity and Curvature
or On: Curvature

You can specify a value from 0 to 180 degrees or accept the default. (A value of 0 resets the
option to its default.)

The default is calculated based on the values of the Relevance and Span Angle Center options

Growth Rate

Represents the increase in element edge length with each succeeding layer of elements. (For
example, a growth rate of 1.2 results in a 20% increase in element edge length with each
succeeding layer of elements.)

Available when Use Advanced Size Function ison
Specify a value from 1 to 5 or accept the default
The default is calculated based on the values of the Relevance and Transition options

Must be always lower or equal the global growthrate



Sizing : Sphere of Influence

Sphere of Influence : on Edges & Method
— Available only if Advanced Size Function is OFF f‘ Sizing

i Contack Sizing
— Use coordinate system to define the center of the Sphere £ Refinement

Bl Mapped Face Meshing
fig Makch Control

B Pinch
El ----- o ,‘%\ Coordinate Systems A Trflation
' """" o sk Global Coordinate System
....... 1-1-\. MI:III LCS

------- Connections

< I >
Details of "Edge Sizing" - Sizing a
=l Scope
Scoping Method | Geometry Selection
Gaeometry 1 Edge L=
[=| Definition
Suppressed Mo
Tvpe Sphere of Influence
Sphere Center My LCS =
Sphere Radius | 6.5 mm P
Elernent Size | 0.3 mm =

Mesh on the entity and other
proximity entities that lies within
the sphere of influence is affected

i
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Sizing : Sphere of Influence

Sphere of Influence : on Faces

— Available only if Advanced Size Function is OFF
— Elements within the sphere will have given average elemen |{
— Use coordinate system to define the center of the sphere

& Method

@.\ Sizing

oy ,‘%\ Coordinate Syskems
E ''''' v s Glabal Coordinate System

- S My LCS

W, Contack Sizing
& Refinement

Bl Mapped Face Meshing
fig Makch Control

B Pinch
A% Inflation

Details of "Face Sizing" - Sizing

=I| Scope

Scoping Method

Geometry Selection

Geormekry 1Fare — Qe
= Definition
Suppressed Mo
Tvpe Sphere of Influence
sphere Center My LTS
Sphere Radius |10, mm
Element Size | 0.3 mm

Details of "Face Sizing" - Sizing

= Scope
Scoping Method | Geometry Selection
Geometry JFaces < —
= Definition
Suppressed Mo
Type Sphere of Influence
Sphere Cenker My LTS
Sphere Radius | 10, rm
Element Size | 0.3 mm




Contact Sizing

* Generates similar-sized elements on contact faces between parts T Mothod
. @.\ Sizing
- TWO optlons "I,‘ Contack Sizing
* Element Size. The size of the elements on contact faces respects the value &, Refinement
of Element Size specified B Mapped Face Meshing
. - Match Control
* Relevance. The size of the elements on contact faces are determined ; Pi:; e
internally by spheres of influence with automatic determination of radius A% Inflation
and size depending on the value of specified Relevance
— Not available for CutCell Meshing ety o Conct s - Conect S &
Conkack Region | Contact Region
=B Geometry = EEﬁ"itim; .
----- w - F'Elrt_l:IIlI'ltaEtl resse EIDement Size -
@ Part_conkact2

E| ----- Connections

=@

------- AT Patch Canforming Methad
e J@ . Body Sizing

Details of "Conkact Region” o

=] Scope
Scoping Method | Geometry Selection

Contack 2 Faces

Target 2 Faces

s O nTTREEEEEEEE 00—

Mesh without
Contact Sizing




Contact Sizing

& Method

Note that the mesh is still non-conformal across the contact region @, sng

"I,‘ Zontack Sizing
A Refinement

é *Toinsert a Contact Sizing in the Mesh tree select the contact region
from Contacts list and drag it to Mesh object, or use RMB on the
Mesh

Bl Mapped Face Meshing
fig Makch Control

-, Connections

EI Contacts

5------;"!,‘ Contact Region

- A Mesh

- A Patch Conforming Methad
/L Body Siging
‘/"ﬁ_. Contact Sizing

Details of "Contact Sizing” - Conkack Sizing n

=] Scope

Conkack Region |C0ntact Region
[=]| efinition

Suppressed Mo
Element. Size -
Element Size | 15, mm

=8 Connections
LB Contacks
‘,"I,‘ Contact Region
=) 4B Mesh

‘,m Patch Conforming Method
B Body Sizing

5-------‘,"!,\ Contack Sizing

Details of "Contact Sizing" - Contact Sizing n

=|| Scope

Zontack Region |C0ntact Region
=/ Definition

Suppressed Mo
Relevance -
Relewance |20




Refinement

* Valid for only for faces or edges @ Method

* Not available for Patch Independent Tetrahedrons, CutCell, Uniform @, Sizing
Uniform Quad meshing methods W, Contact Sizing

. . . . . | & Refinement
* Refinement is applied after the creation of mesh with rest of the

Bl Mapped Face Meshing

Settings fig Makch Control
. . . . & Pinch
* Refinement level can vary from 1 (minimal) to 3 (maximum) Pl

* Arefinement level of “1” breaks up the edges of the elements into half

— The Refinement control may be automatically suppressed when use inflation
depending on how the inflation/refinement is used. See the user’s Guide for details

Resultant mesh may be of poor quality

‘;ﬁ_ Fefinement

Details of "Refinement” - Refinement n

-l Scope
Scoping Method | Geometry Seleckion
Geomekry 2 Faces

-|| Definition —
Suppressed Mo

Refinement |2

WA
<D
i

'A
o

Only the selected face is affected and rest is almostunchanged
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Inflation
ANSYS

E— . Transition Ratio: Attempts to match the size i Method
B[ Scope of last prism layer with that M, Sizing
Z;T_:::Ethnd (IEE;Dr;jtry Selection Of neXt Tet Ce” w-n Contact Sizing
[=| Definition ‘ Refinement
Suppressed Mo . . H
Boiidary Scoping Method | Geometry Selection GrOWth Ra‘te It determlnes the rEIatlve . . Mapped Face Meshing
T - thickness of adjacent inflation @ wuncen
[ Transition Ratio Default (0.272) <€ | & Finch
[ Maximurn Layers 5 aye rs ,‘ Inflation
[ Growth Rate 1.2 G
Inflation Algaorithm Pre




Object Generator

 Object generator | - | allows user to copy tree objects attached to
an entity to several entities.

* Entities may or may not be similar. However, this works best for
copying mesh settings on similar entities.

With mesh controls, it provides an easy way to assign similar
controls to a group of objects.

= _//% Mesh

o ,,%] MultiZone

- A% Inflation

e /i 4 ( There are 4 similar bolt bodies on
In this example, multiple mesh controls are which these mesh settings can be

used to define mesh for a bolt body copied easily using Object Generator

———
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Object Generator

* To use the Object Generator:
— In the standard toolbar, click the View Object Generator button to view the Object

Generator window.

— In the Tree Outline, select the mesh control to becopied.

— In the Geometry window, select the geometry to which the mesh control should be copied in the

Object Generator window.

— In the Object Generator window, select any required options and press Generate.

File Edit View Units Tools Help (/| =i | }/ GenerasteMesh @ ¢ [A] (@] v (F7Worksheet ix
PR MERRES S rQQQEQAEAYE O
P Show Vertices g Wireframe | Bl Edge Coloring v £~ /A~ A~v A~ A~ A || |+IThicken Annotations
Mesh -/ Update | @ Mesh v @ Mesh Control v

Outline b

Fitter: [Name ~ + ¥ a|® 5/15/2012 9:05 PM
(] Project

B 8] Model (A3) [ MuttiZone

(-, Geometry
-5k Coordinate Systems

ATt
- @ Named Selections
/& Source_Faces

Details of "MultiZone" - Method 2
/| Scope
Scoping Method Geometry Selection
Geometry 1 Body
=/ Definition E
Suppressed No
Method MultiZone
Mapped Mesh Type Hexa/Prism
Surface Mesh Method Program Controlled
Free Mesh Type Not Allowed

Element Midside Nodes |Use Global Setting

2% M Random Colors /b Annotation P

Y Mechanical Application Wizard 1 x

Object Generator

Select tree objects to use as a template, and
select geometry to be used as scoping.

Generate From: | Current Selection M

IScurce: ‘Source_Faces LI
Target: | i
Scope To: W
Ignore Original: v

Name Prefix:
Apply Tag:

Objects will be created for all selected bodies.
Any source and target geometry on the
selected bodies will also be used.

Generate

Section Planes 3 x
8 0.00 30,00 (mm) X
[
15.00
y A Print Preview/ ]
Press F1 for Help ;0 No Messages 4 Bodies Selected: Volume = 9648. mm’ Metric (mm, kg, N, s, mV, mA) Degrees r

For mesh controls requiring multiple geometry,
primary set of entities should be selected in
“Generate From”. The entities for rest of the
inputs can be grouped in Named Selections.

For example, in this case input for “Source”
comes from set of source faces grouped in
“Source_Faces” Named Selection. This can be
created based on instance information if it exists,
or similar sized faces, etc. See slides on Named
Selection Worksheet. Similarly, Named Selection
can be provided for “Target”.

------- MultiZone 2
------- AT MultiZone 3

------- AT MultiZone 4
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Object Generator

“Boundary” is grouped in “INF” Named Selection.

For copying inflation settings, two sets of entities will be required, first one for “Geometry”
which inflation needs to be applied and second one for “Boundary”. Here, set of faces for

Flle Ed:t View Umts Tools Help |{ 'GenerateMe_sh b (3 Worksheet i
______ i [ @~ ¢ i

| ® ¥ R L ®®1|'|wuv@a\@lo\w° & 8

T

| F"ShowVertlces 0 Wireframe | Il Edge Coloring v A~ A~ Av A~ A~ A |}l |<IThicken Annotations 3 Shou iy

' Mesh

2 B Random Colors @Annotation Pr

JMesh -/ Update ‘ @ Mesh v @ Mesh Control v ‘ AliMetric Graph
Qutline a

B alz

J Filter. Name hd
@ Project
& @ Model (A3)
..... ‘,& Geometry
.-/ Coordinate Systems
: Connections
= @ Mesh
/% MultiZone
25 Inﬂabon
cIli
] MthZone 3
o KB MultiZone 4

B @ Named Selections
M i -/ Source_Faces

...... '/Q INF

Details of "Inflation” - Inflation a
[=I| Scope -
Scoping Method Geometry Selection
Geometry 1 Body

Definition
Suppressed No

;l Boundary Scoping Method | Geometry Selection

]

m

Boundary S Faces
Inflation Option
Transition Ratio

Smooth Transition
Default (0.272)
Maximum Layers 2

Section Planes ax

|t X &

0.00 30,00 (rmim)
| I

15.00

Mechanical Application Wizard rx

G try A Print Preview /

Object Generator

Select tree objects to use as a template, and
select geometry to be used as scoping.

Generate From: I Current Selection LI
Boundary: I INF z‘
Scope To: IAdjacem Entities LI
Ignore Original: 72

Name Prefix: |

Apply Tag: I

Objects will be created for all selected bodies.

Any source and target geometry on the
selected bodies will also be used.

Generate

- AT MultiZone
------- A% Inflation
- ',ﬁ] MultiZone 2
-------- ’,ﬁl MultiZone 3

— MultiZone 4

------- v A% Inflation 2
—, A% Inflation 3
— A Inflation 4




Introduction to ANSYS Meshing

Module 5: Mesh Quality
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Mesh Quality

What you will learn from this presentation

* Impact of the Mesh Quality on the Solution
* Quality criteria

* Methods for checking the mesh quality

* Tools to improve quality in Meshing

* Pinch

* Virtual topology



Preprocessing Workflow

Geometry Creation
Geometry .
- Meshing Solver
Operations
Geometry Import

) '
Sketches and : [; Meshing \
3D Operations =
=>[ Planes > P Methods
4 ] )
Boolean, Body = Hy_brld Mesh: T_et,
=(>[ 3D Operations Operations, Split, Prisms, Pyramids "
etc
e ™)
Extrude, Revolve, => Hexa Dominant,
Sweep, etc Sweep meshing
Geometry \ J
=) Cleanup and )
— Assembly
Geometry Import . Meshing __J Fluid Flow
Options — - N
Acultomatlc N Global Mesh
eanup x q
&9 Direct CAD/Bi- J " Settings
Directional CAD " o X ~
erge, Connect,
Projection, Flow ) Local _MeSh
Volume Settings
< Check Mesh
Extraction, etc y ec es
Sizing, Quality
Body/Sphere of
Influence, Match

\ Control, etc /




Meshing Process in ANSYS Meshing

Specify Global Mesh Settings ]

f{%

R———

Insert Local Mesh Settings

—y X

N
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Impact of the Mesh Quality

Good quality mesh means that...
Mesh quality criteria are within correctrange

— Orthogonal quality ...

Mesh is valid for studied physics
— Boundary layer ...

Solution is grid independent

Important geometric details are well captured

Bad quality mesh can cause;
* Convergence difficulties

* Bad physic description

* Diffuse solution

User must...

Scaled Residuals

o

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Iterations

ANSYS FLUENT 13.0 (2d, pbns, sstkw)

& B C ) E F
P1-
Sweep P2 - Sweep P4 - Face
1 Mame Mse‘l:‘vheoedDS Mse‘l:‘vloedf - MZtShogv;f:;ep - Efailﬂgat P&-Dp ~
Elerment Element Size Element Size Size:
Size
2 ] ] ] ] _'I Pa
3 Current 0.04 0.04 0.04 0.0z 747,58
4 DP 1 0.0z 0.0z 0.0z 0.01 S00.44
5 DF 2 0.01 0.01 0.01 0.005 361.4
] CP 3 0.005 0.005 0.005 0.0025 307.6
7 DF 4 0.0025 0.0025 0.0025 0.00125 299,56
*

* Check quality criteria and improve grid if needed

* Think about model and solver settings before generating thegrid

* Perform mesh parametric study, mesh adaption...



Impact of the Mesh Quality on the
Solution

I\N\\\
* Example showing
difference between a
mesh with cells
failing the quality

criteria and a good
mesh | ANSYS]|

* Unphysical valuesin
vicinity of poor
quality cells




Impact of the Mesh Quality on the Solution

e Diffusion example

Large cell size

change

(max,avg)cskew=(0.912,0.291)
~ (max,avg)car=(62.731,7.402)

e,
e
-

Vzyn=-90ft/min

] Vzyax=600ft/min

(max,avg)cskew=(0.801,0.287)
(max,avg)car=(8.153,1.298)

TAVATA

B G ATAVAD: O AV AV SR S :
AV, NS O v SV SAVAVAN 57 AV S S .
Avavava, % »“""""ojf:SﬂAVAVA?‘ ;g INOAAR g’ﬂ%ﬁ:r};"@:gﬂu& .
VATATA KK AVAYAY v SN AN AV ~
N '4v DAY, (X7 KA ALy,
K AYavin & I :
; 5 p KIS
IO RAKIKL vwgv 5:5'?::
‘b— . SIS vy ‘ 1
B
SKERRAPRAAS & :
N 7 § ALY, \ V Vol ,,q’ ;.:A A g /
N 5 K f <\’ DR — ‘
N7
:VAVA V4) (NN A
= b 7 7 VA,
i
aTvAYa) AVAVAVAV, o
&

vy
\Va

X
WVAVAY
\
<]
I

A
N
A

B SAVAN
YAVaY

Vz,,n=-100ft/min




Grid Dependency

Nb Cells 3000 24000 190 000 1 5M

* Solution run with
multiple meshes

* Note : For all runs the
computed Y+ is valid b b
for wall function (first .
cell not in laminar
zone)




Grid Dependency

* Hexa cells can be stretchedin
stream direction to reduce
number of cells

* Bias defined on inletand
outlet walls

* Bias defined on inlet edges

— 16 000 cells (~DP2)
— Delta P =310 Pa (~DP3)




Hexa vs. Tetra

Hexa: Concentration in one direction Hexa

— Angles unchanged @ @
Tetra: Concentration in one direction 9

— Angles change Tetra

Prism: Concentration in one direction
— Angles unchanged A —
Solution for boundary layer Prism

resolution
— Hybrid prism/tetra meshes ﬂ ﬂ

— Prism in near-wall region, tetrain volume

— Automated

— Reduced CPU-time for good Tetratin volum:
boundary layer resolution <




Mesh Statistics and Mesh Metrics

Displays mesh information for Nodes and Elements

List of quality criteria for the Mesh Metric

* Select the required criteria to get details for quality

* [t shows minimum, maximum, average and standard deviation

Different physics and different solvers have different requirements for
mesh quality

Mesh metrics available in ANSYS Meshinginclude:
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Element Quality

Aspect Ratio

Jacobean Ration
Warping Factor

Parallel Deviation
Maximum Corner Angle
Skewness

Orthogonal Quality

For Multi-Body Parts, go to corresponding body in Tree Outline

—|| Statistics
Modes 219
Elements a5

Mesh Metric

Crthogonal Quality

Min Jacobian Ratio
\Warping Fackor

Ma Parallel Deviation

Average Maximum Corner Angle

Standard Deviakion SkEW”ESS

to get its separate mesh statistics per part/body

Modes
Elements
Mesh Metric
Min
Max
fAverage
Standard Deviation

17973

91020

Orthogonal Quality
0,232336378900267
0,993655044699929
0.550623612125101
5.69730479924024E-02




Mesh Quality Metrics

Orthogonal Quality (0Q)

Derived directly from

Fluent solverdiscretization
e  Fora cell it is the minimum of: '
Ai- fi Ai-Ci ‘

| A fi| | A

computed for each face i ' /A3

Ai-ei
For the face it is computed as the minimum of | A_,’” ef| computed for each edge/

Where Aiis the face normal vector and fiis a vector from the centroid of the cell to the centroid
of that face, and </is a vector from the centroid of the cell to the centroid of the adjacent cell,
where ei is the vector from the centroid of the face to the centroid of the edge

At boundaries and internal walls ﬁ ﬁ

ciis ignored in the computations of 0Q 0 1
Worst Perfect




Mesh Quality Metrics

Optimal (equilateral) cell
Skewness

Two methods for determining skewness: WV,
1. Equilateral Volume deviation:

Skewness = optimal cell size — cell size
optimal cell size

Applies only for triangles and tetrahedrons Actual cell

2. Normalized Angle deviation: Circumsphere

Omax — Ok 6 _emin —‘ Onax
180_ ee | ee J emin

Skewness = max{

Where & is the equiangular face/cell (60 for

tets and tris, and 90 for quads and hexas) — ﬁ
0 1

— Applies to all cell and face shapes
— Used for hexa, prisms and pyramids Perfect Worst
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Mesh Quality

Mesh quality recommendations
Low Orthogonal Quality or high skewness values are not recommended

Generally try to keep minimum orthogonal quality > 0.1, or maximum skewness < 0.95.
However these values may be different depending on the physics and the location
of the cell

Fluent reports negative cell volumes if the mesh contains degenerate cells

Skewness mesh metrics spectrum

Excellent Very good Good Acceptable Bad Unacceptable
0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00

Orthogonal Quality mesh metrics spectrum

N - I

Unacceptable Bad Acceptable Good Very good Excellent
0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00
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Aspect Ratio

2-D:
* Length / height ratio: 6x/6y

3-D
®* Arearatio

* Radius ratio of circumscribed / inscribed
circle

Limitation for some iterative solvers
* A<10.. 100
* (CFX: < 1000)

Large aspect ratio are accepted where
there is no strong transverse
gradient (boundary layer...)

(o) ¢




Mesh quality: skewness

«  Two methods for determining
skewness:

1. Based on the equilateral
volume:

» Skewness =

optimal (equilateral) cell

~
N
/ circumcircle

\
\/
I

( ’

\\ ﬂ&
S~ ~ actual cell

0. —90 90_9@1}
9 90

* Appliesto all cell and face 0 max
shapes.
» Always used for prisms and O min

pyramids.

optimal cell size - cell size
optimal cell size

* Applies only to triangles and
tetrahedra.

« Default method for tris and tets.

2. Based on the deviation from a
normalized equilateral angle: {

« Skewness (for a quad) = max.




Equiangle skewness

- Common measure of quality is based on equiangle skew.
 Definition of equiangle skew:

max Omax — e ’ O — gmin
180—-6, 6,

where:

— 6 =largest angle in face or cell.

— 0 i» = smallest angle in face or cell. 0

— 0, = angle for equiangular face or cell.
* e.g., 60 for triangle, 90 for square.

- Range of skewness:

max

emin

H"

0
best worst
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Mesh guality: smoothness and aspect ratio

« Change in size should be gradual (smooth).

AR N

smooth change large jJump in
in cell size cell size

- Aspectratio is ratio of longest edge length to shortest edge
length. Equal to 1 (ideal) for an equilateral triangle or a square.

aspectratio=1 high-aspect-ratio quad
aspect ratio=1 high-aspect-ratio triangle

26



Striving for guality

« A poor quality grid will cause inaccurate solutions and/or slow
convergence.

«  Minimize equiangle skew:
— Hex and quad cells: skewness should not exceed 0.85.
— Tri's: skewness should not exceed 0.85.
— Tets: skewness should not exceed 0.9.
* Minimize local variations in cell size:
— E.g. adjacent cells should not have ‘size ratio’ greater than 20%.

 If such violations exist: delete mesh, perform necessary
decomposition and/or pre-mesh edges and faces, and remesh.

Value of 0-0.25 | 0.25-0.50 | 0.50-0.80 @ 0.80-0.95 0.95-0.99 @ 0.99-1.00
Skewness
Cell Quality | excellent good acceptable poor sliver | degenerate




Grid design guidelines: resolution

+ Pertinent flow features should be adequately resolved.

L

=

flow inadequate better

« Cell aspect ratio (width/height) should be near one where flow is
multi-dimensional.

* Quad/hex cells can be stretched where flow is fully-developed
and essentially one-dimensional.

Flow Direction

OKI

28



Grid design quidelines: smoothness

|

« Change in cell/element size should be gradual (smooth).

AR

_smooth _change sudden change
in cell size in cell size— AVOID!

 Ideally, the maximum change in grid spacing should be <20%:

N J J AXi+1

<1.2

1

29



Grid design guidelines: total cell count

* More cells can give higher accuracy. The downside is increased
memory and CPU time.

- To keep cell count down:
— Use a non-uniform grid to cluster cells only where they are needed.
— Use solution adaption to further refine only selected areas.
 Cell counts of the order:
— 1E4 are relatively small problems.
— 1E5 are intermediate size problems.

— 1EG6 are large. Such problems can be efficiently run using multiple
CPUs, but mesh generation and post-processing may become slow.

— 1E7 are huge and should be avoided if possible. However, they are
common in aerospace and automotive applications.
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Solution adaption

- How do you ensure adequate grid resolution, when you don’t
necessarily know the flow features? Solution-based grid adaption!

« The grid can be refined or coarsened by the solver based on the
developing flow:
— Solution values.
— Gradients.
— Along a boundary.

— Inside a certain region.

AN A
- D

A S vy
%ﬁ.ﬂvwm
RVAV VAN SAVAN

gy S,
LA T A S S

A RAYAYAE ooy A
AT

s VAT #ﬁ Ay ovara

v T oy vy
W ST T ST T

aviy,

v ralk? 1
A L AT
I

WAL VAT




Grid adaption

« Grid adaption adds more cells where needed to resolve the flow
field.

* Fluent adapts on cells listed in register. Registers can be defined
based on:
— Gradients of flow or user-defined variables.
— Isovalues of flow or user-defined variables.
— All cells on a boundary.
— All cells in a region.
— Cell volumes or volume changes.
— y*in cells adjacent to walls.

* To assist adaption process, you can:
— Combine adaption registers.
— Draw contours of adaption function.
— Display cells marked for adaption.
— Limit adaption based on cell size and number of cells.
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Adaption example: final grid and solution

i VAN

i i

! N vy
RV vt
IS SO
K T vy
rNa s YA

avaps;
AR
Y

4#“-"&"%

#mrqy*lrfq"
A N PV

€ 1§

2D planar shell - final grid

2D planar shell - contours of pressure
final grid
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Main sources of errors

* Mesh too coarse.

* High skewness.

« Large jumps in volume between adjacent cells.
- Large aspect ratios.

- Interpolation errors at non-conformal interfaces.
- Inappropriate boundary layer mesh.

34
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Smoothness

Checked in solver

* Volume Change in Fluent

— Available in Adapt/Volume
- 3D:0i = V,-/V,,b

& Yolume Adaption

Options Min {m3) Max (m3)
) Magritude | 02575764 | 5171111
() Change
Max Yolume Change
Manage... | | 25
[ adapt ] £ mark [Compute] [ Close ] [ Help ]

* Expansion Factor in CFX
— Checked during mesh import

— Ratio of largest to smallest element volumes
surrounding a node

Minimum Sl kl}-Maximum [

sector volume = |

sector volume

Recommendation:
Good:1.0<o0<15
Fair:1.5<o0<25
Poor:0>5...20
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Mesh Metric Graph

Displays Mesh Metrics graph for the
element quality distribution

Different element types are plotted
with different color bars

Can be accessed through menubar
using Metric Graph button

IMetric Graph

Axis range can be adjusted using
controls button (details next slide)

Click on bars to view corresponding
elements in the graphics window

— Use to help locate poor quality
elements

Controls
e TR
60385.00
50000,00
=
(=
a
£ 4000000
=
ld
5 30000.00
S
=]
-]
£ 20000.00
=
=
10000,00
0.00
0.22 030 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Element Metrics
]
M
- &y
w b A
Vs . =
) v ==,
Lva 2 V%“
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Mesh Metric Graph Controls

Controls

* Elements on Y-Axis can be plotted

with two methods;
— Number of Elements
— Percentage of Volume/Area

* Options to change the rangeon
either axis

* Specify which element typesto
include in graph
— Tetd4 = 4 Node Linear Tetrahedron
— Hex8 = 8 Node Linear Hexahedron
— Wed6 = 6 Node Linear Wedge (Prism)
— Pyr5 =5 Node Linear Pyramid
— Quad4 =4 Node Linear Quadrilateral

Y-Axis Option: |Number of Elements

-

Number of Bars: |10 Update Y-Axis |

Range
Min Max
X-Axis |0.219517 10.999736
Y-Axis |0 60385

 Tetld ~ Tetd I~ Quadﬁ I~ Quad.q.
THex20 MHex8 1 Trie I Tri3

™ Wedl15 + Wed6
~Pyri3 T PyrS Select All

Reset

Reset

— Tri3 = 3 Node Linear Triangle

e TelO, Hex20, Wed15, Pyrl3, Quad8 &
Tri6é non-linear elements
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Section Planes

Displays internal elements of the mesh |
* Elements on either side of plane can be displayed ta _
Section Plane 1

* Toggle between cut or whole elements display

* Elements on the plane

Eh can be used to drag section plane to new location

Edit Section Plane button
* Clicking on “Edit Section Plane” button will make section plane’s anchor to appear

K7

il
el

AT
R

AVAVAY

S
]
2

[
ﬂ For large meshes, it is advisable to switch to geometry mode (click on geometry in the Tree Outline),
create the section plane and then go back to mesh model s
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Mesh Quality Check for CFX

* The CFX solver calculates 3 important measures of mesh
quality at the start of a run and updates them each timethe
mesh is deformed

* Mesh Orthogonality
* AspectRatio
* Expansion Factor

Domain Name: Air Duct
Minimum Orthogonality Angle [degrees] =
Maximum Aspect Ratio = 13.5 OK
Maximum Mesh Expansion Factor =

Domain Name: Water Pipe
Minimum Orthogonality Angle [degrees]

Maximum Aspect Ratio = 6.4 CK
Maximum Mesh Expansion Factor = 73.5 !
Global Mesh Quality Statistics : .
Minimum Orthogonality Angle [degrees] = 20.4 ok Q u eSt IoN ab | e
Maximum Aspect Ratio = 13.

()

Maximum Mesh Expansion Factor 700.4 !

(6
®]
b




Mesh Quality Check for Fluent

. . & G:mesh dependancy FLUENT [3d, pbns, sstkw] [AMSYS CED]
G rld CheCk tOOIS ava I Ia ble File Mesh Define Solve Adapt Surface Display  Report  Paralel  Wiew  Help

* Check : Perform various mesh consistency EH @@ SRR QAR O-

Ch ec kS Problern Setup General
General Mesh
* Report Quality : lists worse values of Models o o o)

orthogonal quality and aspect ratio e orions

v Boundary Conditions
* TUI command mesh/check-verbosity sets : |
- - Dynamic Mesh Type Welocity Formulatio
the level of details in the report Reference Yalues Presoueiased  Cfabsohe

Salution () Density-Based Relative

Solution Methods

Solver

1]

Solution Controls Tirn=
Monitors @ Stead.';-'
C} Transient

Solution Initialization

Calculation Activities [aravit -
:

Fun Calculation

Results
Domain Extents: . N
x-coordinate: min (m) = -1.349586e-81, max (m) - 8_00006e-B1 Graphics and Animations
y-coordinate: min (m) = -2_4870851e-61, max (m) = 1._.350000e-61 Plots
z-coordinate: min {m) = -2.5000008e-082, max {(m) = 3.500000e-02 Reports

Uolume statistics:
minimum volume (m3): 2.067421e-08
maximum volume (m3): 2.187442e-07
total volume {m3): 5.92582%9e-03
Face area statistics:
minimum fFace area (m2): 6.187846e-06
maximum face area (m2): 1.274684e-04
Checking mesh.......cocmieianannnnnn
|Pone.

Mesh Quality:

Orthogonal Quality ranges from 8 to 1, where values close to 8 correspond to low quality.
Minimum Orthogonal Quality = 9.99641e-61

Maximum Aspect Ratio = 2.03929e+61

<
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Factors Affecting Quality

Geometry problems
* Small edge

* Gaps

* Sharpangle

Meshing parameters
* Sizing Function On / Off
* Min size toolarge
* Inflation parameters
— Total height
— Maximum angle
* Hard sizing

Meshing methods

* Patch conformal or patch independent tetra v

* Sweep or Multizone
* Cutcell

—

Geometry cleanup in Design Modeler

or

Virtual topology & pinch in Meshing

|:> Mesh setting change

>  Mesh settingchange
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