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Volume Meshing — Engine Block Meshing

NANSYS

In this workshop we will create the following meshes on
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Proximity/
Curvature

* Octree mesh with Curvature /proximity based refinement

* Delaunay volume mesh
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Change Working Directory

 RICEM CFD 150 * File > Change Working Dir...
Edit Wiew Info Settings Help

Choose engine_block_final.tin = [

Choose EngineBlock

Edit “iew Info  Seftings Help

L2
B OL.xux \@0

Open @g

L cEmomEr

B
ac)

Look in: | 3 EngineBlock

5

engine_k fina
D i engine_block. tin

My Recent
Documents

Desktop

W,

ity Documents

7 e
File name: |engine_b|0c:k_final.tin ﬂ

Files of type: |Geumetry Files (“tin*tin.gz) ﬂ Cancel

New Project.. B
Open Froject... ﬂ‘ £) ﬁ OK
Save Project.. CI @a
Save Project As. . - | > 5 5
! ———— ¢ Use the quick icon to open
Close Froject...
Change Working Dir... eo m e tr
Geometry 4 g y
esh »
Blocking »
Attributes 4 Op en
Parameters »
Cartesian * | | Browse for Folder ==
Import kModel News working directory
Import Geometry 4
ImpartMesh b D:\mjmiddle\training\ANSYS-ICEM-CFD-Intro_15.0_1st_editi
Expart Geometry » EngineBlock
Export Mesh 4 4 waorkshop_input_files <
Feplay Scripts 4 2DFipelunct
) 3DElbowPart =
Exit ) =
3DPipelunct
Clamp
EngineBlock
Femur
A Huhrid T
< i >
N
«>.

!

© 2014 ANSYS, Inc. September 22, 2014
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Build Topology

Geame
v | « Geometry > Repair Geometry > Build Diagnostic

o Y ﬂ WA e logy

Rl ey ? — Set Tolerance = 0.1
| == : . :
R T — — Toggle on Filter Points and Filter Curves
@i ““H * “Filter out” or deactivate superfluous curves
ﬁiﬂ?ﬁp * Curves deleted where surfaces meet at a
’ smooth (tangent) transition (< 30 degrees)
Build Topology
Tolerance [0 \ » Points deleted where curves meet smoothly
Filter by angle
Feature angle |3l] (< 30 degI’EES)
d Az paris — Accept all other defaults
v Filter curves
Build Topo Parts/Selection o B Apply
Method |All parts -
Remember that
I~ Part by part
the tolerance
[~ Single curve cleanup estimate is the
allowable gap

Split surface at
v T-connections ﬂ

<_ Apply ! 0K | Dismiss ‘

© 2014 ANSYS, Inc. September 22, 2014 4
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Set Mesh Sizes

« Define volume mesh size
Mesh 1

— Mesh > Global Mesh Setup > Global Mesh Size
TR SRR p
— « Set Max element =64

* Relatively arbitrary, as this thin-walled part will have a

&=
1)

Global Mesh Setup @

volume mesh size mostly defined by the surface sizing
= . Click Apply

— Global Mesh Parameters

— Define surface mesh size via parts

Global Element Scale Factor

* Mesh > Part Mesh Setup

— Set Max Size of 4 for both CUTPLANE and GEOM
Mesh 1

Scale factor |1

™ Display T
Global Element Seed Size

< M ax element i84 )

— Click Apply
— Click Dismiss

™ Display -
— Curvature/Proximity Based Refinement . 'b Part Mesh Setup
™ Enabled part ¢ prism hexa-core max size height height ratio num layers tetra size
| | CUTPLANE r [ 4\ 0 0 0 [
| GEOM B \:/ 0 0 0 (
Jiii l.l __]
[V Show size params using scale factor
Appl ismi g
Re ES s l [~ &pply inflation parameters to curves
I” Remove inflation parameters from curves
Highlighted parts have at least one blank field because not all entities in that part have identical parameters.
‘ | Dismiss I
© 2014 ANSYS, Inc. September 22, 2014 5 Release 15.0



NWSYCSH View Tetra Sizes

e Display icons representing the sizes on the

surfaces
— In model tree, Geometry > Surfaces > RMB >
Tetra Sizes
Model Show Full
ode v Show Simple
‘DB.GE“mEtW Show Sim
pler
-1 gg!]nstgts Show Simplest
‘%m v Wire Frame
 Parts Solid
— e CLUTPLAKM  Solid & Vire

' GEOM Grey Scale
Transparent
MNormals Using Arrow
Mormals Using Color
Show Surface Thickness

Hexa Sizes

Show Surface Names
Show Surface Info
Blank Surfaces
Unblank All Surfaces
Show Only Surfaces
Show Attached Points
Show Attached Curves
Rename Surface

© 2014 ANSYS, Inc. September 22, 2014 6 Release 15.0



Compute Mesh

Mesh | » Select Mesh > Compute Mesh > Volume Mesh
%ﬁ“ﬂ\*@t $‘\@ — Set Mesh Method > Robust (Octree) (default)
« Compute
Compute Mesh '@

« Note additional Part
Compute -
— — CREATED _MATERIAL _*

. — Defines new part for volumetric tetras
Yolume Mesh

— This is the default naming when no material

Mesh Type |Tetrﬂ,"h'|ixed j int ist
point exists

Tetra/Mixed Mesh

Mesh Method |Robust {Octree) ':P

[~ Create Prism Layers

[~ Create Hexa-Core

Input

Select Geometry |All - =it Model

4l Geometry
—hd Subsets
—L] Points
— 1 Curves
' Surfaces

[ Use Existing Mesh Parts

Selemliﬁ

Compute 0K Dismiss |

© 2014 ANSYS, Inc. September 22, 2014 7 Release 15.0



Cut Plane View

e Cut Plane View

| Geometry — RMB on Mesh in the model tree and select Cut

+ Subsets Plane > Manage Cut Plane
_| Point=

o Curv BTV ™ —  Change the Cut Plane Method to Middle X Plane

| Surfi .
ZBadi  Element Numbers sloey tlylane — Activate Volumes from the Mesh branch

= .
Color by Quality Manage Cut Plane @
Shrink 10% — ¥ Show Cut Plane e
Shrink 50%
Shrink Node Pos IV Show whole elements
-t Parts Method ]by Coefficients v
Dot Nodes -
by Paint and Normal
Node Numbers A ,1—by Coefficients
MNode Coords % by Corner Points
Elem Verts By I'D—by 3 Locations
Elem Triads Bz KMiddleX Plane
[ ahe
Periodicity D [108Middle Z Plane
v Ql.Jadra.tlc Sl Fraction Value:
Wide Lines ‘ > ; ’
T o
Couplings Jos | I R, o 4 F?\
» FJF e = !"‘) i Eg}
Locked Elements [~ Display back plane Fgﬁﬁwﬂsqgﬁgyﬁg
Distributed attribute 'Ea!’,: b %E#ﬁﬂbh
with I hollow j Sr 54'}1%*} :
Diagnostics i’!ii'.'-r ‘ !fﬂhh‘iﬂ’i
I” Draw plane normal ::.i# ; ;:;‘ EEP ‘?
- ' - RTR
[” Draw plane border o ; ﬂﬁ ":‘E
L o1 e
oo A A
‘ e N malls

Meccla cemala ...L.-II lJ
Apply || oK I Dismissl

© 2014 ANSYS, Inc. September 22, 2014 8 Release 15.0




Smooth Elements Globally &
AMSSH Smooth Mesh _

Quality sl
Smoothing iterations |5 =
Edit Mesh
= Criterion |ﬂualit}l ﬂ

Smooth Mesh Type

Stmooth  Freeze Float

e Improve overall mesh quality TETRA ¢ C 3
— Select Edit Mesh > Smooth Mesh TR @ o s
Globally

Smooth PartsfSubsets

* Note HiStOgram Method |AI| parts |
— In lower right hand |

corner Apply | (1] 4 | Dismiss|

e Use default for Smoothing
iterations and Criterion 5

e Set Up to Value to 0.4 6
e Apply Initial quality
¢ Note change in histogram

after complete

e You can run the smoothing
function several times doing
5 iterations each time Final quality after ”y
smoothing -II-

l] I I I I
I]2B I]3E I]-IH I]52 0. 0.76 084 092 1

NI Y
LI - r I -~

DZB l.'IBE I]-M l]52 0. l]BB l]?E l]B4 l]92

© 2014 ANSYS, Inc. September 22, 2014 9 Release 15.0



Save Project

S e i  Save Project As...
New Project . — Select File > Save Project As...

gzjg EESS — This will directly open the Engineblock directory as we have

Save Project As.. set the working directory already

Close Froject...
Change Working Dir...

— Enter project name EngineBlock Octreel

— Press Save
Geometry L
tesh 4 —
Blocking 3 Save Project As f? g‘
AllBUES g Save in: |_} EngineBlock ﬂ e
Farameters ’
] 1
Cantesian » )
hy Fecent
Impart kodel Ds T Ers
Import Geometry 4 ?“%
»
Irrpart Mesh Deskiap
Export Geometry ’
Export tesh » ___J
Feplay Scripts 4 bty Docurments
Exit - - <
File name: |EngmeElIu:uc:k_Ou:1ree1 ﬂ 1»
Save as ype: |Prcnjen:1 Files (*pr) ﬂ Cancel

© 2014 ANSYS, Inc. September 22, 2014 10 Release 15.0



Curvature/Proximity Based Refinement

Mesh

), Now, let’s refine the mesh in areas to better capture the
@rec P, X“-’\Q P

details of the part. To avoid defining mesh size for every
Global Mesh Setup

part/entity:

Global Mesh Parameters -

— Set max size for all parts/surface

— Allow global curvature/proximity sizing to define all mesh

Global Element Scale Factor

sizes for the model.

Scale factor |1

* Global Mesh Parameters

I™ Display

Global Element Seed Size I8 — Mesh > Global Mesh Setup > Global Mesh Size
ak slement |67 — Set Max Element = 64

I” Display

— Set Curvature/Proximity Based Refinement to Enabled

Curvature/Proximity Based Refinemel

— Set Min Size Limit to 2
Chin size limit |2 p) 18 App|y

i
pseley « Part Mesh Parameters
Elements in gap l1 :.j
Refinement [10 2 || v — Mesh > Part Mesh Setup
CeomsD|[_oK_| _Dismiss | — Set Max Size of 8 for both CUTPLANE and GEOM
— Click Apply

— Click Dismiss

© 2014 ANSYS, Inc. September 22, 2014 11 Release 15.0



Create Mesh

Al « Close the existing mesh before creating the new mesh

%%“‘ilﬁi 'ﬁ' using File > Mesh > Close Mesh

« Mesh > Compute Mesh > Volume Mesh

Compute Mesh @
d - — Compute

Compute i ] N .
— Note refinement near small radii of curvature fillets

2O ‘

S

Yolume Mesh

s
) )
Rass
LK
"

Mesh Type |Tetra,"Mixed j

=
o]
L%

LT T

)

gl
o

L]
-

Tetra/Mixed Mesh

¥,

S s
o R o
e e 1

i

]
a5,

o
ﬁ"
)

.|

Mesh Method |Pu:|bust {Octree) j

WAY.

o0
K

o

Y

VA

v%

X
A

v

il
i

[~ Create Prism Layers

o

F

T
A
Y,

[~ Create Hexa-Core

g

[k

A
o

ol
A7
o

oy

Tl

L

b
%

AN A
i %

o

Input

Select Geometry |All j

! b‘

e

W,

oy

AT

AN AS

T

v,

[~ Use Existing Mesh Parts 1

Select E . E’Eﬁ‘ﬁﬁf
- ey,

Compute 0K Dismiss | g&é‘g‘#ﬂ‘

(‘Y)
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Cut Plane View

Manage Cut Plane @

v Show Cut Plane

[V Show whole elements

Method lby Coefficients |

pats [1
By [D
Bz IU
D |105.SD10858828418

Fraction Yalue:

[og101 | 1

[~ Display back plane

with l hollow
I” Draw plane normal

|~ Draw plane border

Apply || oK I Dismiss|

=

Note the square looking tetras
that are characteristic of the _—"
octree method

Cut Plane View

— RMB on Mesh in the model tree
and select Cut Plane > Manage ¢
Cut Plane

— Change the Cut Plane Method to
Middle X Plane

— Activate Volumes from the Mesh

branch
(= <
s ﬁ
‘-4"""-“
- . o
= - Kl o]

i AT I oy . 1
T N e U
P = T ,?F._'::;:‘:q i 4%:7 F 1EFFF B% o
1!?:%‘ ';';F'f%g%!:vﬁﬁ \Yﬁ'%yﬂﬁ
&is) PRI IS R,
L NGRS el

T i ]l AP
R ONE R/

A%

© 2014 ANSYS, Inc. September 22, 2014

13

AN

LT

s

it ca
B
T, '.:“-“'—ﬂ. skl

N

Manage Cut Plane

Show Cut Plane
Cut Plane...

Element Numbers
Color by Quality

Shrink 10%
Shrink 50%
Shrink Mode Pos

Dot Nodes
Node Numbers
MNode Coords
Elem Verts
Elem Triads

Periodicity
Quadratic Shape
Vide Lines
Couplings

Locked Elements
Distributed attribute

Diagnostics

Subsets
Points
Lines
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Investigate Mesh Quality

Edit Mesh

Smooth mesh as before @
— Up to value of 0.4 %@E =
Highlight these elements

— Note still some elements below a IIIIIIIIIE
— Click on the lowest bar in the .I

Quality of 0.3 (~ 0.28)
Histogram 02 IJZB I]3I5 I]-H I]52 I]E I]EB I]?E I]EH I]EIE

.\

Find the highlighted elements in the
model

— RMB on Mesh > Cut plane... >
Show Cut Plane to turn off the
cut plane

— Uncheck the Shells and volumes
in the model tree

— Elements highlighted in yellow
appear near one of the holes

© 2014 ANSYS, Inc. September 22, 2014 14 Release 15.0



Investigate Mesh Quality

Why poor element quality here?

Two curves present to define the
chamfer on the top of the hole

\
Gap between the two curves is

more than 5 times smaller (0.35)
than our defined minimum
element size (2)

Large TRl and TETRA elements

are then squished into this
space

How to fix this area?

Set a smaller mesh size on the

chamfer surfaces to make sure
this area is resolved

®» |ncreased element count
Remove the lower curve to
remove constraint on mesher

®» Lack of conformance with
geometry

© 2014 ANSYS, Inc. September 22, 2014 15
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Investigate Mesh Quality

e Mesh shown with a mesh size of 0.5
defined on the various chamfer
surfaces

— Chamfer surfaces now resolved
with reasonably sized elements

 Mesh shown after removing the lower
curve from the model

— Surface mesh is now allowed to
walk over this chamfer feature,
formally adhering only to the
upper edge

— Did not increase element size

© 2014 ANSYS, Inc. September 22, 2014 16
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Adjust Geometry and Remesh

. Geomet
 In this case, let’s assume that eametry

Fhis chamfer definition ig not */ @ 'ﬁ?ﬁ 'Z& @ B X

Important for our analysis

« Close this mesh without saving Delots Eutve P
— File > Mesh > Close Mesh Curve | @
« We will delete these curves at ™ Delete Unattached
the chamfered hole location to [ Delete Permanently
obtain a better mesh in this zone Delete Al Dormant Curves |
« Geometry > Delete Curve appy [ 0K | Dismiss

— Select the 4 lower curves
shown for deletion

—

© 2014 ANSYS, Inc. September 22, 2014 17 Release 15.0



Remesh and Smooth

NANSYS

Mesh > Compute Mesh > Volume Mesh

Compute

Re-mesh and Smooth

2 \(®

Mesh 1

Lol el BN

Edit Mesh > Smooth Mesh Globally

Apply
File > Save Project As..

Compute Mesh

Save it as EngineBlock Octree2.pr|

A4y i
SRS

A
T R A AR
= ,
[ s T R

et R

i o

RNV

e

L5
Sl

o

Yolume Mesh

‘TetrﬂIMixed

Mesh Type

TetrafMixed Mesh

|
Dismiss

[~ Use Existing Mesh Parts
oK

Select Geometry |All

Mesh Method |Ruhusl (Octree) j
Input

[~ Create Prism Layers
[~ Create Hexa-Core

Select
Compute

Release 15.0
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Delaunay Mesh Method

Mesh

LR el 'F

Compute Mesh

Compute -

g

Yolume Mesh

Mesh Type |Tetrﬂ,-"h'|ixed j

Tetra/Mixed Mesh

Mesh Methnﬂﬂuick {DEIﬂunﬂyi '}

[ Create Prism Layers

[~ Create Hexa-Core

Yolume Part Name |inherited j

Input

j —

Select |Existing Mesh

Load mesh after
completion ﬂ

( Cumpute! ] 4 Dismiss |

© 2014 ANSYS, Inc. September 22, 2014

Delaunay tetra mesh is created from existing shell
mesh. If you start from geometry, ICEM CFD will
create the shell mesh first with the patch
dependent surface mesher using the global and
local shell mesh settings and then fill the volume
with Delaunay tetra.

We can leverage the robustness advantage of the
Octree mesher to create the robust surface mesh
and combine it with the Delaunay mesher for a
smoother element size transition in the volume

Leave the current Octree mesh loaded
Go to Mesh > Compute Mesh
— Change the Mesh Method to Quick (Delaunay)

— The Input field is automatically set to Existing
Mesh

Compute Mesh

ICEM CFD throws away the Octree volume mesh,
but keeps the surface mesh to seed the Delaunay
volume mesher

19 Release 15.0



Cutplane View

Manage Cut Plane

D

¥ Show Cut Plane

¥ Show

whole elements

Method

by Coefficients F

by Point and Normal

Ax |1 |by Coefficients

By’l]_
Bz’l]_

by Corner Points
by 3 Locations
Mowve or Rotate

D Middle X Plane

Middle ¥ Plane
Middle Z Plane

Fraction Yalue:

o5 |

[~ Display back plane

with hollow j
[ Draw plane normal
[~ Draw plane border
Color H—
Create mesh subset |

Apply | OK | Dismiss ‘

Cut Plane View

— RMB on Mesh in the model tree
and select Cut Plane > Manage

il Geomet
v, Suhse:trg|r

Manage Cut Plane

e Show Cut Plane

Cut Plane...

Element Numbers

Color by Quality

Cut Plane B Shrink 10%

— Change the Cut Plane Method to o
Middle X Plane Dot Nodes

— Activate Volumes from the Mesh e umbers
b ran C h Elem Verts

« Smooth

 File > Save Project As...

© 2014 ANSYS, Inc.

Enter EngineBlock_delaunay.prj

September 22, 2014

Elem Triads
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s Vi BIEY
2% vy A
o ol i, 5 }ﬂk_‘ii ﬁ*’:‘
S ; it (| A
Ll ' i
B! t
g ‘
Fﬁnﬁ&
g

Note the non-
square elements
such as Octree

produced
- —
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Further Investigation

 For those that have the time, the following pages introduce additional concepts

Mid side
nodes

Tri to quad

Patch
dependent
surface
mesher

© 2014 ANSYS, Inc. September 22, 2014 21 Release 15.0



Delaunay Growth Ratio

« When you meshed with Delaunay, you simply chose the Delaunay method in the
Compute Mesh panel and accepted all default global settings.

« Mesh > Global Mesh setup > Volume Meshing Parameters
— Set Mesh Method to Quick (Delaunay)

— One of the most important parameters here is the Spacing
Scaling Factor

Global Mesh Setup

Global Mesh Parameters

e « This is the growth larger into the volume up to the Global
Mesh Type [Ferained E Element Seed Size if it can be achieved in the space
T D el « The default value of 1 actually uses 1.2
@Method |Ouick (Delauna@ B R i . . .
o « Experiment with different values, refilling with Delaunay
Select eaCh time
" Standard & TGlib . .
= Ueear « Use cut plane to view internal mesh

Memaory scaling factor |1

Spacing Scaling Factar |1
I~ Fill holesinwvolume mes
[ Mesh intermnal daomains
™ Flood fill after completion
[~ “erbose output

¥ Srnooth mesh

Smoath lterations |5 §|
Min guality 10.4

Apply | Dismiss|

Factor 1.05
325667 tetras »

Factor 1.2
122761 tetras

Factor 1.5

67317 tetras

© 2014 ANSYS, Inc. September 22, 2014 Release 15.0



WSS Compare Meshers

Geametry Infa

: 8 You can get the S A
« Compare the 3 different tetra filling methods number of elements | b s
— Delaunay of each type by using =~ Curve Length
. [} > Mesh | Curve Direction
— Advancing Front nfo > Mesh Info
B Tgrld Mesh Areafolume

« Make sure to set the same growth ratio in the global mesh setup for each method
in order to compare

— For Delaunay, it is called Spacing Scaling Factor
— For Advancing Front and Tgrid, it is called Expansion Factor
« Compare by viewing cutplanes, minimum histogram quality, and number of tetras

[ T T dijjTLY‘T‘T*ﬁF*T.’\‘!‘ELTﬂa [T "f.'lﬁ'ﬂ.l’,_‘h;

|
o

]

~

S e T T

11

=l

]
A

| = T
R e

3 I OO Ve T W P AW W A W Pk T
F ﬂ‘t?F"'iﬁr ﬁ-’.’d.vgr ﬁﬁrﬁ L4 T YA 4"’1%

P el

T AT N A Y B A e i
AL S T ] S T S [N AT PR e
AVORO S o B P BN O S
T R 77 e N OTETE A g B
s At o A - g N g, '
A
= o, T T
B am (P " T Ao N
Era vt vy < e T o S gy AR
{é.za'?;,gég‘%?;?a%am@%#gagéﬁtﬁr SR e S i AR P
o Pl a2 T Pl A P ol " P o W A ! VS W Ton. L Pl = (i 0 ik ECC ] AR | AT R T e e,
Delaunay Advancing Front Tgrid
95410 tetras 146371 tetras 95473 tetras

Expansion Factor =1.3
Min quality = 0.15

Expansion Factor =1.3
Min quality = 0.0006

Min quality = 0.3
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WSS Coarsen Mesh

 If you need less elements, it can be sometimes quicker to mesh with a finer size
to model features correctly, and then coarsen, rather than trying to mesh with the
larger sizes from the beginning
 Edit Mesh > Adjust Mesh Density > Coarsen All Mesh
EditMesh | — Check ON Coarsen surface or else it will only
"
Ei#’ﬁ B8 E‘@l‘ﬁ affect the volume
— Apply with the rest of the defaults
@ — No elements will be coarsened so as to produce a lower
aspect ratio than the specified Min aspect ratio (0.2)
— 10 smoothing iterations are automatically done after
/ each coarsening iteration

Adjust Mesh Density

Refinef/Coarsen -
gl i@'
Coarsen All Mesh /
kin aspect ratio IEI.E /

hax size | / :>
bax surface dewiation |EI.1
Mumber of lterations ’1—%
@uﬂrsen su@

[~ Maintain surface sizes —_—

Parts to freeze I_ &
Ad

Apphy ‘ 0] Dismizs ‘

Release 15.0
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Convert to Quadratic Elements

Load the previously saved, uncoarsened mesh before proceeding
« For mechanical analysis, linear tetras act too stiff

« Therefore, it is preferred to convert linear tetras to quadratic tetras, which means
adding mid-side nodes

« Edit Mesh > Convert Mesh Type > Create Mid Side Nodes

EditMesh | — ZoOm in to a region with coarse mesh and curves to see the difference
S I LB W»CII Gy,
= =]
Sube=*
ConvertMosh Type Press Apply with defaults, then Undo, and EEL eifenn

[P experiment with the quality controls (Check she _ Flementtumeer

Vol olar uali
@21‘2'3'3 deviation, angle, and chord) and Tolerance limit & pars| =2

Shrink 10%4

— Turn on Dot Nodes to see the mid-side nodes Shink 50%

—Create Mid Side Nodes \ Shrink Made Pos
[~ Mid face node Dot v DotModes
o Node Numb
[T Create node on interface ooe Mumoers

¥ Projectto geometry nodes

¥ Calculate projection — Check max

[ Check deviation

Midnode max dewiation ID.'I GERGRE

v Check angle

Midnode max angle IED [
This node is not projected
with Check angle turned ON

and set below 23°
Release 15.0

Tolerance |D.D1

— Check max

[~ Check deviation

Midnode max dewviation IU.'I GEBRER

[T Check angle

Midnode max angle IEU.U

I~ Check chord
Max dewviation from chord in 4 IEI.35

© 2014 ANSYS, Inc. September 22, 2014




Delete Mid Side Nodes

Edit Mesh ]

Convert Mesh Type '@
-

Y W R ) Conven e :
* Y

With the quadratic elements, you would then write the mesh to the structural
solver

But to continue on with this tutorial, you will next convert to a different element
type, and this will not work with the quadratic elements, so you must first
convert them back to linear

Edit Mesh > Convert Mesh Type > Delete Mid Side Nodes

If Convert

Linear elements is ON, it will split edges
at the mid nodes while converting to
linear (this is uniform refinement)

© 2014 ANSYS, Inc. September 22, 2014

Apply with the defaults
[ Selected elements
Elements L
Convert Cuadratic elements to
n ] :
/ multiple Linear elements
/ [ Keep interface node J
Apply | Ok Dismiss |
26

Q9%
A

Delete Mid Side Nodes

select |Element5 j e

Quadratic elements to multiple

Release 15.0



Convert to Quad

» First, isolate out just the shells

— You could do this by deleting all volume elements, but the act of selecting
all volume elements can take considerable processor time

Dot vor w0 So it is better to save just the shells to a new file and then load that mesh
New Prject. * File >Mesh > Save Visible Mesh As
ngengz;zi LS — Do this with only shells turned on, and type a new file name. Then
o | hoins load that new mesh, replacing the current mesh

Change Working Dir... 3 .
e Shell Edit Mesh Convert Mesh Type
Geometry ’ oIUres

- ¥ 5 —  Convert Mesh
. a8 A B8
Blocking Open Mesh Shells Only.. "—Lt- Q @C@
Afftributes

Load from Blocking
Farameters Save Mesh...

— e « Edit Mesh > Convert Mesh Type > Tri to Quad ﬂg

Save Visible Mesh As...

Save Orly Some Mesh As — Turn on Mesh under Surface Projection Trito Quad

Close Mesh..

Elements r Q .

Surface Projection

Quadrization converts
to all quad but makes

" off
much more elements C Geometry
by splitting triangle

edges in half and
propagating the splits

B4 -

© 2014 ANSYS, Inc.

[ Quadnzation

hesh improvement |1 §|
tax skewness |160
Max warpage |20

ok | Dismiss |
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NWHCE Hexa Dominant

« Hexa dominant is a volume filling mesher which first requires a closed surface
mesh of quad dominant shells

« This mesher inflates elements from the surface, and when hexa elements begin
to touch, it finishes by filling the center with tetras. Some transition elements
(pyramids, prisms) often form at the center also

« Mesh > Compute Mesh > Volume Mesh -

— Mesh Type = Hexa-Dominant o~/ 20
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* View Cutplanes to see internal mesh
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« This mesh is not appropriate for CFD analysis since It
the center elements can have very low quality, but it
Is fine for many structural analysis since stress
concentrations occur at the surfaces, and quality is 7/
much better near the surfaces
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Patch Dependent Surface Mesh

« The previous procedure of meshing with tetra octree, and then saving the surface
mesh and converting the tri’s to quad’s is the same thing as running the Patch
Independent surface mesher and setting the Mesh Type to Quad Dominant

 Use the Patch dependent surface mesher, then use Hexa Dominant filling
— This results in a better pattern of quads and a better hexa dominant fill
— The hexa dominant mesher requires a completely closed surface mesh:
1. Either stitch/match or repair all yellow curves (from build topology)
2. Or build topology with a higher tolerance (0.13)
3. Or merge nodes to connect across gaps after surface meshing
— For patch dependent meshing, you should run build topology with no filtering
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