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Introduction

Background

* This workshop will demonstrate how multiple methods
and local controls can be combined to create a
conformal hybrid mesh on a multibody part (valve
geometry)

Objectives

* Methods
— MultiZone, Sweep, Patch conforming Tetrahedrons

* Local Sizing
— Edge & Face

* Local Inflation

* Selective Meshing
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Starting Workbench

_’]—New Ctrl+n
5 Open. Ctrl+0

Create the Workbench Project: @ill Save Ctl+s
(&L Save As...

Lﬁ Save to Repository
* From the Workbench File Menu, select Import and @3 Open from Repositary

browse to the file “valve.meshdat” located in the T Tzt T rrre
Meshing Workshops Input-Files folder and open it Get Changes from Repository

Transfer to Repository Status

* Drag a Mesh Component System and drop on Cell

Manage Repository Project

A2 of the Geometry System as shown &) Manage Connections
— This will attach the Mesh Component System to the & Launch EKM Web Client...
Geometry System
@ Archive...
* Start ANSYS Meshing by double clicking on the BB  Restore Archive...

Mesh Cell (A3) of the Mesh System
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Units and Preferences

Set Global Meshing Options: Units
* Set Physics Preference to CFD CLEIENIL AL S
kletric (cm, g, dyne, s, V, A)
* Set Solver Preference to FLUENT ( Wl 1 ietric (mm, kg, N, s, mV, mA) &

etric (mm, t, M, 5, mY, md)
PAetric (mm, dat, M, s, mV, ma)
Metric (pm, kg, pM, 5, V, mAa)

e Buflech” 2 U.5. Customary (ft, Ibm, Ibf, °F, 5, V, A)
=l| Defaults U.S. Customary (in, lbm, Ibf, °F, s, V, A)
Physics Preference CFD
Solver Preference Fluent bl DEE!FEEE
Relevance 0 Fadians

* In the Units menu set Metric (mm,
kg, N, s, mV, Ma)
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Model

Review the Geometry

* The geometry represents a valve with one inlet distributed through a central spherical
region to three outlets
— A mesh will be generated on the fluid region only in this workshop

* In the Outline expand Geometry, right click on Part2 and select Suppress Body from the
Context Menu as shown

— This will suppress all bodies contained within Part2 which represents the solid outer region
in this case. The (transparent) fluid region will be displayed

Project
B Model (A3)

ar
‘/& E_‘ ; Update

[l 5k Coordinal ~
Connectig './5 Generate Mesh
i esh

Preview L4

Export... L4

2 Hide Body (F9)

Q@ Hide All Other Bodies E>
Suppress Body k-
Suppress All Other Bodie

Update Selected Parts L4

2] Clear Generated Data
dlb Rename (F2)

(] Group (Ctrl+ G)
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‘=] Project

Preparation ey
..... Part
Planning 4 it sysens
----- Connections
* In the Outline, right click on Mesh and select Show S ,
Sweepable Bodies  Update

:j Generate Mesh

— Three of the five bodies could be meshed using the Sweep
Method

— The central region is complex and therefore will be meshed
using the Patch Conforming Tetrahedral Method

Preview L

Sweepable Bodies 9

:j Create Pinch Controls Mappable Faces

+| Clear Generated Data
dlb Rename (F2)

— The remaining body cannot be swept using the standard sweep (] Group Al Similar Children
method since it contains multiple source faces as shown Ferlmner

— MultiZone will however be able to sweep this

In the Graphics Window ,
right click View - Left or
click the —X Axis on the
Triad to view

s | Ty

— =




Set Global Mesh Options

Setup Advanced Size Functions:

+| Display
+|| Defaults

—| Sizing
o Size Function
* To adequately capture the curved geometric Relevance Center s

features a Curvature Size Function will be used itia] Sze Seed Active Assemol

Smoothing Medium

Transition Slow

Span Angle Center Fine

* Leave all other options to default as shown LT T 3 Ty

Max Face Size Default (3.46710 mm)
Max Tet Size Default (16,9340 mm)
Growth Rate Default (1,20 ]

Automatic Mesh Based Defeaturing| On
Defeaturing Tolerance Default [4.2336e-002 mm)

Minimum Edge Length 0.132340 mm

© 2016 ANSYS, Inc. April 4, 2016



Named Selections (1)

Create Named Selections:
* Switch the view to isometric and ensure the Selection Filter is set to Face

* Select the face as shown, right click in the Graphics Window and select Create Named

Selection from the Context Menu

* In the Selection Name Dialog Box set the name to “Inlet” and click OK

IIIIII

C ] Mesh On d Bod

% w Surface Me: d Bod

7] Clear Generate d Data On Selected Bodies
ppppp

@ Isometric Vie

32 set

32 R Faul

@ z
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Selection Mame

=

(] Apply selected geometry
() Apply geometry items of same:

[] Ssize

] Type

[] Location X
[ Location Y
[] Location z

] Apply To Corresponding Mesh Modes

( I ) Cancel

A ee”




Named Selections (2)

Create Named Selections (Continued)

* Using the same procedure create Named Selections for the two faces as shown
(Outletl & Outlet2)

¥ ¥
O u tI et 1 0.000 15.000 30.000 (mm) ZA . 0.000 15.000 30.000 (mm) ;
I . 2
7.500 2

7.500 22.500

[ ALENE

P LT T T T T




Named Selections (3)

Create Named Selections (Continued)

* In the Graphics Window, right click and select View = Left (or use the Triad -X). Zoom
in as shown

* Select one of the four small circular faces, right click > Create Named Selection

* In the Selection Name Dialog Box set the name as “Outlet3” and select Apply
geometry items of same - Size as shown. Click OK waoi =

13:35

Outlet3]

@ )] Apply selected geometry

(O] AppN geometry items of same;

=
L] Type

[ Location
[] LocationY
[] Locationz

I . ] Apply To Corresponding Mesh Modes

m 0.000 3.500 7.000 (mm)
| I ]
1.750 5.250
- cenee | I\NS ! S
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Named Selections (4)

Create Named Selections (Continued)

* In the Outline, expand Named Selections and click on Outline3.

— The worksheet details the method by which the Named Selection is scoped to faces — in this
case by size. Switch to Graphics by clicking on the button

}\Gmprint Preview , Report Preview /
- . . - Graphics ) Worksheet
— Note that the Named Selection contains all four identical faces ]

[ outlets

!| Projeck
- @ Model {(B3)

+- I Part 2
+| s Coordinate Syskems

+-_ L8 Connections
A Mesh

- FP Mamed Selections

A Inlet
AT Outletl

o G | .
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MultiZone Method

Setup MultiZone for the Non-Sweepable Body:

Go To 4 -

* Multizone method can be used to mesh cases where o PTEme—r— %, ot i
multiple source faces are there (Sweep supports only e [T
single Source face) e Edmﬂggﬁpp

* Click Mesh in the Outline 9 trdeBody () @ Node Merge

B, Node M
2 Hide All Other Bodies L Mode Move

* Switch the view to isometric, set the Selection Filter to

Body[@]and select the non sweepable body as shown | =72 e T :
PY Right CIiCk 9 Insert 9 MethOd scoping Method Geometry Selection
Geometry 1 Body
* Under Details of “Automatic-Method” change Method |- ;’*:p‘d _
to Multizone Method | Muttizone |
. . . . Mapped Mesh Type Hexa
— The Details view will now be named Details of Surface Mesh Method | Uniform |
'(} H 14 Free Mesh Type Mot Allowed
MUItlzone Element Midside Modes | Use Global Setting
— Set Surface Mesh Method to “Uniform” ore/Trg Selection Automatic
Source Scoping Method | Program Controlled
* Leave all other settings to default as shown source | Ll
Sweep Size Behavior Sweep Element Size
Sweep Element Size | Default
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Local Sizing (1) S

b JE Inlet

e A1 Outlett

e A8 Outlet2

(@] m- Insert L4

.g Select Itemms in Group h

—5 Add to Lurrent selection

Insert Face Sizing:

* In the Outline, under Named Selections right click on Outlet3 and click

g Remove from Current Selection

Select Items in Group g Create Modal Named Selection
. . - . o . Suppress Bodies in Group
— This will select all the faces contained within that Named Selection @ Hiide Face(s) (F8)
R . . . . ';' Hide Bodies in Group
* In the Outline, right click on Mesh and select Insert = Sizing TP—
Note: that the Details of “Face Sizing” has the Geometry Selection populated ET’"
u
with the 4 faces within the Named Selection. You can also use Named Selections < Dere
. Delete
directly under Scoping Method b Rename (F2)
° [:I Group (Ctrl+ G)
— Set Element Size to 0.5mm
= Model (B3}
- A8 Geometry
Details of "Face Sizing" - Sizing o *- B Part
+ x% Part &
-|| Scope + ‘{)lﬁ-.. Coordinate Systems
Scoping Method Geometry Selecti £ v Comection:
coping Methe EOmER SElection T Iru:'-ert 3 i1 Method
Geometry 4 Faces ER
o 2 vpae > T |
—|| Definition ﬁ - -
Suppressed Mo B 7 Generate Mesh A, Refinement
T].I'FIE emagt Size ﬁ ::::Lew : BB Mapped Face Meshing
‘.} Create Pinch Controls g Mat;h Conkrel
Pincl
Eehavior Unsuppress All Bodies A Inflation
Curvature Mormal Angle | Default Vi Invert Suppressed Body Set
Growth Rate Default 2] Clear Generated Data ‘
Local Min Size Default (8.4671e002 mm) Ak Rename
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Local Sizing (2)

14

Insert Edge Sizing:

© 2016 ANSYS, Inc.

Select the Edge Selection Filter

The inlet and outlet faces are bound by four edges
each

Select one edge on each of the four faces as shown (ctrl
left click for multiple selection)

Select Extend to Limits to extend the selection to the
complete edge loops

&

1 Extend to Adjacent (Shift+ F1)

&1 Extend to Limits (Shift+ F2)

Bxtend to Connection (Shift+ F3)
Bxtend to Instances (Shift+ F4)

In the Outline, right click on Mesh and select Insert 2>
Sizing

Check that Geometry contains 16 edges

Set Element Size to 0.8mm as shown

April 4, 2016

/M
/\
-1| Scope
Scoping Method Geometry Selection
Geometry 16 Edges
= inition
Suppressed Mo
Type ize
Behaviar m

Curvature Mormal Angle | Default

Growth Rate
Bias Type
Local Min Size

Default
Mo Bias
Default (246712002 mm]



Local Sizing (3)

Insert Edge Sizing (Continued):
* A preview of the Edge Sizing will be displayed on the geometry

40.00 {mm)

10.00 30.00




Local Sizing (4)

Insert Edge Sizing 2:

* Create another Edge Sizing this time to control
the Multizone sweep

* Select the edge as shown circled and insert
sizing as previously

Details of "Edge Sizing 2" - Sizing X I
=l| Scope L-.‘\':_.,‘
Scoping Method Geometry Selection
Geomekry 1 Edge
=] efinition
Suppressed Mo
Twpe Elerment Size
M El=rnent Size 2. mm
Behawior Soft
|| Curvature MNormal Angle | Default
|| Growwkh Rate DeFault
Eias Type Mo Eias

* Under Details of “Edge Sizing 2” set Element
Size to 2.0mm

b ] :}' Generate Mesh On Selected Bodies

1 :}' Preview Surface Mesh On Selected Bodies
@3 Clear Generated Data On Selected Bodies

on
A Refinement

G Match Control
& Pinch

Parts

-

2 Hide Body (F3)
P Hide All Other Bodies
(;3 Filter Tree Based On Visible Bodies

Contact Match Group
@ Contact Match

Node Merge Group
@ Node Merge

@,\ MNode Move

s cwewan DB IEEEY




Sweep Method (1)

Insert a Sweep Method:

* The three remaining cylindrical bodies can
be swept using the Sweep

* Set the Selection Filter to Body @&, select
the three bodies as shown and right click 2>
Insert 2 Method

* Under Details of “Automatic-Method”
change Method to Sweep

— The Details view will now be named Details
of “Sweep Method”

* Set Type to Element Size and set Sweep
Element Size to 2.0mm
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Export...

@ Hide Body (F3)

e

lm Method

enerate Mesh On Selected Bodies
Preview Surface Mesh On Selected Bodies
Clear Generated Data On Selected Bodies

% Hide All Other Bodies

’l Contact Sizing
A Inflation

@ Contact Match Group
@y Contact Match

> @ Mode Merge Group

@ Node Merge
B Node Move

Details of "Sweep Method” - Method . o
= Scope .
Scoping Method zeomekry Selection
Geomekry 3 Bodies
—I| efinition
SUppresse d Mo
Method Sweep
Element Midside Modes e ialgkdl Setting
Sk Trg Selection Aukornakic
Source Program Conktrolled
Target Program Conktrolled

Free Face Mesh Tvpe =,

Sweep Bias Type
Element Option
Constrain Boundary Mo




Sweep Method (2)

Insert a Sweep Method (Continued)

* Set the Source & Target Selection (Src/Trg Selection) to
Manual Source

— If the box adjacent to Source displays “No Selection” with a
yellow background click in the yellow box to activate

* Select the three faces as shown and apply the selection in the
box adjacent to Source e

EE— by | e

®* Check the Details match those shown

Details of "Sweep Method" - Method N o
=l Scope L@
Scoping Method eometry Seleckion
iZeomekry 3 Bodies
=]| refinition
Suppressed Mo
Method Swesp
Element Midside Modes | Use Global Settin
SrofTrg Selection Manual Source
Source 3 Faces
Targek —|Program cortrolled SRS
Free Face Mesh Twpe | QuadfTri g 0 G ,‘S
Twpe Element Size W
Sweep Element Size | 2. mm
Sweep Bias Type Mo Bias
Elerment Opkion Salid

Zonskrain Boundary Mo ANSYS
i 3 X 7
W
I\




Patch Conforming Tetrahedral Method

Insert Patch Conforming Tetrahedral Method

* Use the Body Selection Filter to select the
central body as shown

* Right click = Insert 2> Method

* Under Details of “Automatic-Method” change
Method to Tetrahedrons

— The Details view will now be named Details of
“Patch Conforming Method”

® Ensure Algorithm is set to Patch Conforming
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Ge To

by | -./5 Generate Mesh On Selected Bedies
. './f Preview Surface Mesh On Selected Bodies
8 | Clear Generated Data On Selected Bodies

Parts
Export... 4

@ Hide Body (F9)
@ Hide Al Other Bodies
Q Filter Tree Based On Visible Bodies

Suppress Body

Details of "Paktch Conforming Method” - Method h I
b

—| Scope
Scoping Method Geomekry Selection
Geomekry 1 Body
—|| refinition
Suppressed Mo
Tetrahedrons j

Algorithim Fatch Conforming

Element Midside Modes TO5e &lobal Sektnig




Inflation (1)

Inflate the MultiZone Method

* Right click on MultiZone in the Outline and select “Inflate
This Method” from the Context Menu

* Under Boundary in Details of “Inflation” select the four
faces bounding the MultiZone body and apply the
selection

* Set Inflation Option to Total Thickness, Number of Layers to
3 and Maximum Thickness to 1.25mm as shown

Details of "Inflation" - Inflation . o
- Scope I’*-g
Scoping Method Geomekry Selection
Geomekry 1 Body
—|| efinition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundaryw 4 Faces
Inflation Cpkion Total Thickness
Mumber of Lawvers 3
Growkh Rake 1.2
Mazxirum Thickness
Inflation Algorithm
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E ..... }f’% MESI-I
....... ‘(ﬁ] 7 Insert ,
....... . FEEE 5
e Rk P 1nflate This Method h
- /B, Edge s -# Update
F S'ﬂ".‘EEI:' I

B Patch -} Generate Mesh
... B Mamead Selas




Inflation (2)

- _;;% Mesh
Inflate the Sweep Methods: /B kizane

J@., Edge Sizing
* Right click on Sweep Method in the Outline and select “Inflate

J@m Edge Sizing 2

AT
AT Patc Insert

This Method” from the Context Menu W pat
w nrla
. . . = & Mamed Sel —
* Under Boundary in Details of “Inflation 2” select one edge on D@ e T
ukle
each of the three Source Faces as shown VoD QU % Generate Mesh
— Use the Extend to Limits Tool again to complete the selection
— Apply the selection and Set Inflation Option to Total
Thickness, Number of Layers to 3 and Maximum Thickness to
[ tretation 2
1.25mm as shown
Details of "Inflakion 2" - Inflation [~ o
=| Scope o ) 2
Scoping Method seometry Selection

T Geormekry 3 Faces
e = Definition
1 Extend to Adjacent (Shift+ F1) Suppressed Mo 1 3

.. . Boundary Scoping Method | Geometry Seleckion
) Extend to Limits (Shift+ F2) o R '

Extend to Connection (Shift+ F3) Inflation Option Total Thickness ‘/I\‘
Extend to Instances (Shift+ F4) = ?.2 —— '
Maximum Thickness 1.25 mm
InFlation algorithm Fre
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Inflation (3)

Inflate the Patch Conforming Method

* Select the four cylindrical bodies, right click in
the Graphics Window and select “Hide Body”
(or press F9)

— This will make boundary selection easier in the
next step

* Right click on Patch Conforming Method in the
Outline and select “Inflate This Method” from
the Context Menu

* Under Boundary in Details of “Inflation 3” all
faces of the central body must be selected
with the exception of those separating the
four cylindrical bodies

22 © 2016 ANSYS, Inc. April 4, 2016

_;;% Mesh
‘,% MultiZane
‘(@.‘ Face Sizing
ﬁ.\ Edaes Sizing
ﬁ,‘ Edge Sizing =
AT Sweep Method

(;i'_::u Inf Inserk

AR Ou

LB ou ‘./.:;' Generake Mesh




Inflation (4)

Inflate the Patch Conforming Method (Continued)

* Under Details of “Inflation 3” activate the Boundary Selection
Box

-iﬁiﬂ s

— Apply/Cancel buttons appear when active

* In the Graphics Window right click and click Select All from the
Context Menu

— All faces will be selected

* Deselect the four faces as shown by clicking ctrl left click on /L‘
each face 0.000 10.000 20.000 (mm) = e
— Faces will turn blue when deselected
Details of "Inflation 3" - Inflation [:} I
* Apply the selection under Details of “Inflation 3” (check 25 - Scope N
Faces are selected) Zc;jii-lr;?:rhﬂethnd izeomekry Seleckion
¥ 1 Body
* Set Inflation Option to Total Thickness, Number of Layers to 3 =l| Definition
R . Suppressed Mo
and Maximum TthkneSS to 1.25mm as Shown Boundary Scoping Method | Seomekry Selection
. . . . . Boundary 25 Faces
* In the Graphics Window right click = Show All Bodies Inflation Option Tatal Thickness
Murmber of Lawvers 3
Srowkh Fake 1.2
Maximum Thickness 1.Z25 mm
Inflation Algorithim Pre
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Selective Meshing (1)

24

Start Selective Meshing

* When combining multiple mesh methods the
order in which the bodies are meshed may
influence the final mesh characteristics

* Generating meshes one by one is called
“Selective Meshing”

* It is therefore recommended that we record
the body meshing order such that it can be
repeated automatically

* Right click on Mesh in the Outline and select
Start Recording from the Context Menu

* If the Worksheet is displayed switch it off
using the worksheet Toggle button
1-."'.."-:1rh:E.I"ln.EEt
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‘.j Update

"""" ﬁ Preview
"""" v Show

,,.r; '.j Create Pinch Controls

_______ e #7| Clear Generated Data
....... A gl Rename (F2)

::ﬁ "] Group All Similar Children

]




Selective Meshing (2)

Generate the MultiZone Mesh

* Using the Body Selection Filter select the
MultiZone body

* Right click and select “Generate Mesh on
Selected Bodies”

* The Worksheet will record the operation as
Step 1

* Switch off the Worksheet and view the mesh

* Note how MultiZone has impri
faces onto the target

®* Press “Show Mesh”
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Insert k

GoTo ]
_ ]| Generate Mesh On Selected Bodies k
:_,J"

~] Clear Generated Data On Selected Bodies
Parts r
Export... »

@ Hide Body (F9)
t7 Hide All Other Bodies
':;' Filter Tree Based On Visible Bodies




Selective Meshing (3)

Generate the Sweep Meshes
* Select the three Sweepable bodies

* Right click and select “Generate Mesh on
Selected Bodies”

* This operation is again recorded in the
Worksheet, this time as Step 2

* Switch to Graphics mode to view the Mesh

I Gra phicg !Worksheet I

nm



rate Mesh On Selected Bodies
#| Clear Generated Data On Selected Bodies

Selective Meshing (4)

Generate the Tetrahedral Mesh

* Select the central Tetrahedral mesh body

.u‘
&\\\\‘L“ﬂvﬂiﬂ»{»

o

‘4

14

ight click and select “Generate Mesh on

Selected Bodies
* All three steps are now recorded in the

*R

Worksheet

Graphicy. |Worksheet

April 4, 2016
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View Mesh Interior (1)

Create a Section Plane

* In the Graphics Window, right click and e
select View > Front to align theviewto |[E==——=-"-""-""

+Z AXxis
* Click the New Section Plane button
Wplanes a3 =
ETEE

* Click and drag the cursor through the
model as shown from top to bottom

* Align the model to +X Axis (Right click
View - Right)

* Note the continuous and conformal mesh
& inflation between methods
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View Mesh Interior (2)

Create a Section Plane (Continued)

* Switch off Section Plane 1 and Align the
model to -X Axis (Right click View - Left)

KU
T

,
%,

5
k7
i
s
4

Aﬁ‘{%ﬁw

P

® Click the New Section Plane button

* Click and drag the cursor through the
model as shown from top to bottom

* Restore the view to the +Z Axis (Front)

L

il
v
¥

s
A,
o

e

1y

!
!
£

* Note the swept MultiZone mesh

* Switch off all Section Planes
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Check Quality (1)

Set a Mesh Metric

* Under Details of “Mesh” expand the Statistics Menu and set Mesh Metric to
Orthogonal Quality

— Note the value of Min Quality (your values may vary from values shown below)

-|| Statistics
Modes 36256
Elements 183575
Mesh Metric DOrthogonal Quality

kin 3.2921e002

Max 0.99998

Average 0.87811

Standard Deviation 010504
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Check Quality (2)

¥-Axis Option: |Number of Elements j @

Mumber of Bars: |1 Update Y-Axis

Use the Mesh Metrics Graph to View Quality Ranges

* Click the Controls button in the Mesh Metrics Graph and set the Range ~—
Max value for the X-Axis to 0.1 and Number of Bars 1. Click Min Max
Update Y-axis and exit the Controls Panel X-nds [0 N1/ Reset]
* Select the bar in the Metrics Graph and view the Graphics s [0 o Reset
Window to locate the small number of cells below a quality of 0.1 1 =
. ] e ¥ Te Quads [ Quad4
(Please note that you may have different results for Min & Max M HeoQd MHed [ Th6 T3
quality) | Wed15 IV Weds Select All (Clri+ A)

[ Pyri3 W Pyrs

Controls
-

v |—.—Tet4 el H 35 el \ 2 6 O Pyrs

k!
£ 10.00

E

5750

™™}

8 5.00

c

3 250

52

E
= 0.00
0.00 0.01 0.03 0.04 0.05 0.08 0.08 0.09 0.10

Element Metrics
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Improving Quality

32

On investigating the shown elements, it appears
that the bad elements are in inflation layer near the
sharp locations where some pipes meet central

body

We can change some Advanced options
 Under Inflation, select “View Advanced Options” to Yes

 Change the Collision Avoidance method to “Stair Stepping”
from “Layer Compression” and change the Max height to 0.7

* This operation will delete the mesh (It will still be visible as
Obsolete mesh in yellow color)

* Now, from Meshing Worksheet, press Generate Mesh
button This will recreate the mesh in meshing order as
recorded earlier

* Check Orthogonal Quality again. Min value is now above 0.1

© 2016 ANSYS, Inc. April 4, 2016

—|| Inflation

Use Automatic Inflation

Inflation Option
Transition Ratio
Maximum Layers
Growth Rate

Inflation Algorithm

Yiew Advanced Options

Collision Avoidance
zap Factor

Mone

Smooth Transition
0,272

5

1.2

Pre

Yes

Stair Stepping

0.5

Maximum Height over Base 0.7
Growth Rate Type Geometric
Maximum Angle 140.0

Fillet Ratio 1
Use Post Smoothing Yes
smoothing Herations 5
- | Statistics
Modes 87314
Elements 186345
Mesh Metric COrthogonal Quality

Min " 10.15179
Max 0.99993
Average 0.87764
Standard Deviation 011448




Save the Project

* This completes the workshop

* From the main menu select File = Close Meshing
— Workbench will save any application data

* From the Workbench Project Page use the file menu and save
the project as “AMWS4.1_cfd.wbpj” to your working folder
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