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WSS Import Parasolid

Edit “iew Info  Setting

Mew Froject...

Open Froject...

Sawe Project..

Save Project As..
Clase Fraoject...
Change Wworking Dir...

Geametry
hdesh
Blocking
Attributes
Farametars

Cartesian

Impart kaodel

Impart Geometny
Irmport kMesh
Expon Geometry
Export Mesh

Feplay Scripts
Exit

ICEM CFD has no units, but parasolid

b . . . .

b . . .

e il ~i¥

$ Downloads

<» Recent Places

& Computer
& 0S(C)
» DATAPARTL (D:)

@ Network

File name: valvex_t

M Select Import Model file [
UU [I » Computer » DATAPARTL(D) » mjmiddle » support » Test » Valve v |43 || O]
ﬁ«‘ Organize * New folder B= ~ 1 e
Favorites Name Date modified Type Size
Q M Deskiop [*J valvext 1/23/2014 10:08 PM Parasolid Text Tra.. 25 KB

Import Model &

« Set working directory

— File > Change Working Dir...

— Choose Valve
— OK
e To Im

format is always in Meters, so you —
need it to scale the numbers back to —
the unit system it was when —
translated from CAD to parasolid —

© 2014 ANSYS, Inc.
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port the Geometry
File -> Import Model

Model Files from Workbench project; + |

Choose project J

Parts, Sizes

v |se'Workbench Defaults € Importi

Tetin file |jmidd|efsuppurl‘,f"l’esWalve,.“\f L
¥ Import Geometry

[T Use Associativity

Enclosure and Symmetry
Frocessing

Mixed Import Resolution
[~ Salid

[~ Surface

[~ Line

[ Faoint

Conwvert Units

Units
" Default  beter
" Inch " Centimeter

-

" Feet

ok | Dismiss |

Set the filter to Parasolid (*.x_t,*.x_txt,*xmt_b...)
Select: Valve.x_t and click Open
Set Units to Millimeter and click Apply

2
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Create Parts

Separate the Geometry into Parts
— Activate Surfaces by left mouse clicking the check box in the model tree
— Right mouse click in the model tree on Surfaces > Solid & Wire

— Turn off Curves visibility to more easily pick surfaces
— RMB on Parts and select Create Part from the pull down

Showye Full

v Show Simple — The Create Part panel appears
Show Simpler — Change the Part name to INLET
show Simplest — Accept the default selection method Create Part by Selection ’E
Wire Frame — Select the appropriate 3 inlet surfaces as shown below
Solid

— Middle mouse click
— Repeat the above steps for the other surface parts as shown

v Solid & SWire

Grey Scale
TrsliisfEie Create Part P
Cart |NLE§ | -~
Create Part

Create Part Create Part by Selection

Create Assembly

Show Al Entities I ® 5o

Hicle All [ Adjust Geometry Names
Fewerse Blank All ﬂ
Expand Al Apply || oK Dismiss
Collapse All

© 2014 ANSYS, Inc. September 22, 2014 3




Create Parts — Continued

 Continue dividing the geometry into Parts

— Turn off the VALVESPHERE part in the Model tree. This will expose the Valve
Inside

— Create a new Part, VALVE, and select the 5 surfaces of the valve head for this Part

« Separate parts makes it easier to visualize segments of the model by turning
parts on and off

« Separate INLET and OUTLET Parts are essential to apply individual
boundary conditions. The BC’s are applied to the part names.

« Note: the Parts are color matched with their names in the model tree
VALVE

T

hoddel
1.1 Geometry
—1 | Subsets
—1 | Poaints
— | Curves
R Surfaces
1 Parts
—h INLET
—hnd’

W

= AR

© 2014 ANSYS, Inc. September 22, 2014 4 Release 15.0



I\NSYS De I ete Cu rves DEIEtT Curve @ D

*H"} \;’f @ - E , B x [ Delete Unaftached
+/ - ] z rt" I Delete Permanenth

Delete All Dormant Curves |

« We want the Inherit Part ability within Build Diagnostic
Topology to assign curves and points to the same parts
as the surfaces from which they border

« If the curves are already present, they will remain in the same part, so they must
be first deleted

« If curves are deleted non-permanently, they will be made dormant, and if build
topology determines a curve is needed based on the tolerance and angle filtering,
It activates the dormant curve instead of extracting a new curve

 This preserves the more-precise curves from
the original CAD geometry instead of
extracting new curves

« Geometry > Delete Curve
— Check OFF Delete Permanently
— Turn curves ON and surfaces OFF

— Left click, hold, and drag to draw a box
over the entire model, then release the left
mouse button

— Middle mouse click |
Release 15.0
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Build Topology

Geometry 1

Build Topology

Tolerance |I].1

Filter by angle

[ Filter points

[ Filter curves

Build Topo Parts/Selection

Method |All parts -

[~ Part by part
hd
(_ Apply 2 0] 4 | Dismiss |

© 2014 ANSYS, Inc. September 22, 2014

e Q EthWide >

Show Dormant

Calor by Count

Show Composite

Curve Mode Spacing

« Geometry > Repair Geometry > Build Diagnostic
Topology

Accept all defaults

Tolerance of 0.1 is computed from diagonal
(1/2500t) of bounding box around geometry
Ensure that Inherit Part is check ON, for the
reasons described on the previous page

Click Apply

Build topology turns on two curve options: Show
Wide and Color by Count

If Color by Count is turned off, the curve color will
revert to the color of the part

Shown with

Color by Count

OFF and surfaces

OFF Release 15.0



Create Material Point

Tetra Octree will assign the volume elements to the part name

Geometry

:f \/ i

Create Body t;@ 3

(Part |[FLUID_MAD - ]

;;M, 5 —

Material Point

Location

f« Centroid of 2 points

" At specified point

2 screen locations T\Q',
Apply ‘ 0K | Dismiss ‘

il Geometry
| Subsets
| Points

© 2014 ANSYS, Inc. September 22, 2014

» Select Geometry > Create Body

of the material point inside the closed collection of surfaces

The material point must be inside the volume and not on a surface

Turn surfaces ON

Right click on Surfaces > Wireframe in model tree
Enter FLUID_MAT as the Part name

Click on Material Point button’m

Select two screen locations sogthat the middle of these locations is
inside the model

Middle click to accept and then again to exit the function
Take note that Bodies appeared in the model tree
Rotate the geometry on the screen to ensure the material point is

inside the region to mesh K-x‘kvj
el

7 \ Release 15.0



Build Topology

Geometry « Remember that curves and points act as constraints to the

mesher, so let’s remove curves and points which are not at
J‘?‘Yi i@ hard angles

— Geometry > Repair Geometry > Build Diagnostic Topology
— Default: Tolerance is auto-calculated as 0.1
| B — Filter by angle: Turn on Filter points and Filter curves
v Inherit Part
— Set Feature angle to 15

H“ H — Default: Part name is set to Inherit Part
£ i — Turn Curves on to see what will change
glﬂ?” Accept other defaults and Click Apply

Build Topology

Repair Geometry t@

Some curves
are filtered out

AN

Tolerance |I].1

Filter by angle

=

Feature angle @
ilter points
ilter curves

Build Topo Farts/Selection

Method |All parts -

[~ Part by part

B Only essential feature

Capply Y ok | Dismiss | curves remain

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




Global Mesh Size

Mesh

@ P, vl@

Global Mesh Setup

Global Mesh Parameters

Global Element Scale Factor

Scale factor |1

[ Display

Global Element Seed Size

N

Max element{|64

v Display

Curvature/Proximity Based Refinei

[ Enabled

|
=

| =

| =
=

=
(_ Apply 2 OK Dismiss |

© 2014 ANSYS, Inc.

September 22, 2014

« Set the max volume element size in the entire mesh
» Mesh > Global Mesh Setup > Global Mesh Size

— Set Max element =64

— Click Apply

— Turn on Display under Max element to see a one-icon

display of this size in the center of the model

 This is a very large element size but the mesh will
be controlled based on surface sizing performed in
the next step

— The initial surrounding octree mesh is seeded with
this size, so too small a max size will make meshing

take longer i

9 Release 15.0



Surface Mesh Size

Mesh 1 » Set Surface Mesh Size
— Mesh -> Surface Mesh Setup

%@1?‘41@ — Click the Select surface(s) picker @

— The Select geometry popup tool bar appears, use the
Surface Mesh Setup ] Select All icon to select all the surfaces

Surface(s) |F_725 F_E!]’ ...

P

Maximum size@

Height [0 — Set the Maximum size to 4
Height ratio [0 — Click Apply
Num. of layers |0 3 — Right mouse click on Surfaces > Tetra Sizes in Model
Tetra width |0 B tree to see a visual display of the sizes
Tetra size ratio |I] -DM(gggL*letry
Min size limit [0 —) Subsets | Show Tl
—1 1 Points v Show Simple
Max deviation |I] i Show Simpler
Mesh |NDNE J ' Show Simplest
es e -
wp W Parts v Wire Frame
Mesh method [NONE x| EEUDM g
[ Remesh selected surfaces gPART 1 Z""dg‘w;im
- rey Scale
Blank surfaces with params | - ranE Transparent

Normals Using Arrow

MNormals Using Color

S Apply 2 OK Dismiss | Show Surface Thickness

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




! Model
w1 Geometry
] Suhsets

First turn on Curves

ANSYS curve MESh Size in the model tree

 Go to Mesh -> Curve Mesh Set up o Surfaces

Mesh

— Method -> General
ﬁﬁ '3“"'\_@ — Press the Select Curve(s) button @ and select the

indicated 3 curves, then middle mouse

Curve Mesh Setup 9 — Set Maximum Sizeto 2
Curve Mesh Parameters - — Set Tetra Width to 3
Method [General =] * Increases the radius of influence of this sizing
control (3 layers at max size 2)
Select Curve(s) |E_ — Click Apply
Maximum size((2 ) « Display Curve Mesh Size
Number of nodes | — RMB on Curves > Curve Tetra Sizes in tree
HEight II] =] MDI:IEI
) ) il Geometry
Height ratio |I] [] Suhsets
Mum. of layers |I] il | ; "
Tetra width( |3 il % » Show Unattached
Min size limit |0 v Show Single
v Show Double
Max deviation |I] v Show Multiple
v Show Wide
Advanced Bunching Show Dormant
Bunching law | j v Color by Count
Spacing 1 I ﬂ Show Composite

Curve Node Spacing

< AppD| OK Dismiss | Curve Element Count

© 2014 ANSYS, Inc. September 22, 2014 Curve Hexa Sizes Release 15.0




Create Density Region

Mesh
 Create Density Box to locally control volume mesh size
Bﬁ“i\@}.lg — Surface and curve sizes only control mesh sizes on those
Create Density entities. Densities control mesh sizes within a volume.
_ — Mesh -> Create Mesh Density
Name |density.1 ]
Simb — Set the Sizeto 2
Ratio [0 — Set the Type to Entity bounds
Width [0 — Use the Select geometry picker
Density Location — The Select geometry popup tool bar appears, use the
From Select Items in a Part @ | Icon to select the ValveSphere
" Paoints Part ".
Entifies [ — Accept, then Apply

‘ Select geomelry

S Apply 2 (0] 4 | DlsmLss YJJ{:? x 5 B8 % ’7 & J@T

e

M¥ Select part @
| [~ OUTLET
| [T PART_1_1_1 ALVESFHERE

@1 All | Maone | Screenl Canu:ell
"’

© 2014 ANSYS, Inc.  ~ September 22, 2014 12 Release 15.0



Compute Mesh

Set Mesh Method > Robust (Octree) (default)

» Select Mesh > Compute Mesh > Volume Mesh

P @

Mesh 1

e

Release 15.0
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WSS Cutplane View
The Surface Tetra Sizes affect

* Cutplane View the mesh near the surface

— RMB on Mesh > Cut Plane... > Manage Cut Plane H :
I e Curve Size (2)
in the model tree and width set to 3
— Change the Cut Plane Method to Middle X Plane affect the mesh size

— Adjust the Fraction Value to display this image within at least three
elements of the
(about 0.43)

curves
— Activate Volumes from the Mesh branch -~ \

The Density region
controls the max
element size
within the valve
sphere

The Global max size limits the largest element
possible, but it may not be reached

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



Check Mesh Quality

Edit Mesh

Quality Metrics

Mesh types to check

Yes No
LINE_2 - g
TETRA_4 g -
TRI_3 g -

Elements to check

t« All " Active parts
~ Wisible Yisible subsets
subsets and active parts

Refresh Histogram |

Quality type

Criterion |Dur:llity,ur j
vl
Gpp@| OK Dismiss |

© 2014 ANSYS, Inc.

September 22, 2014

« Check mesh quality
Select Edit Mesh > Display Mesh Quality
» Set the Criterion to Quality (default)

* Click Apply
« Check the quality histogram. Smooth mesh if
needed (everything above 0.2)

Edit Mesh

« Save Project when satisfied with quality
— File > Save Project as...
+ Enter Valve.prj

[ [ [ [ [ [ [ [ [ |
0.42 0.48 0.5% 0.61 0.68 0.74 0.8 0.87 0.93 1

15 Release 15.0



Further Investigation

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

AL
o (ot
b
it
g |V
T
|t
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WSS Element Info

* First, go into cutplane mode with volume elements ON

* Info > Element Info
— Use to get information on individual elements
— Select one volume element inside the cutplane
— Middle mouse click

File Edit ViewSettings Help

Geometry Info

Surface Area

Frontal Area

Curve Length

Curve Direction TETRA_4 15333 {internal 8232) Ddes (internal 4185 4189 12037 4022)
Mesh Info besh Cuality

bdin = 0.929516, max = 0.929516, mean = 0.9249516

el ssieL 1 elements with the "Quality" diagnostic

Element Info
MNade Info

* Most often, it is the part grouping that is the desired information
— The volume element is in the part of the material point, FLUID_MAT
— If no material point was created, it would be in CREATED MATERIAL _<number>
— This grouping name gets translated to the solver as the tag which solid or fluid
properties are set
— Fluent = “zone”, CFX = “3D principal region”, Ansys = “nodal/element component”

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



Octree Mesh with More Constraints

J

Release 15.0

Filter by angle

Build Topology
Feature angle |15
[ Filter points
| Filter curves

Tolerance |EI.1

Repair Geometry

v Inherit Fart

Fart |

R = H
I P i g G
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Smooth Mesh )

.l.l..l..l.l..l

Feset
B Refresh
v Show
-- v Saolid
0 o IJB v Culorbyl;‘!uallt;,f 1I

« Smooth the mesh the best you can

Highligh
* You would like to be able to select on the lowest sigit
histogram bars to highlight the elements and see Done
where the problems are at, but it is hard to see the
I{PRepIot @

smallest bars or select them MinxXvaluz 00
— Right mouse click on the histogram and choose Replot MaxxXvalye L0

c c ax v height (10
— Specify a small Max Y height, such as 10 T —
— You can now see and select the lowest histogram bars Accept | Resst | Gancel |

fay

(=T R - - - B —]

I I I I I I 1 1 1 1
01 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

—

e \w/
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Mesh Constraints

Errid hodel
* This element won’t smooth any better because of the additional [—_ Ggu:"y
curve constraints [0 Pof_ eflre.
— You can turn on Dot Nodes in the model tree to see a color coding o She) E"jmeb”tzum:’ers
for node constraints o P S:r:kj;%ua.y
* Green node = curve constrained (nearest curve) Stink 07
* Red node = point constrained Shrink Nodle Pos
« Black or white node = surface constrained (nearest surface) Node Numbers
« Blue node = no constraints (usually internal) / & No association
A /; —.‘:—’—__:: l__;_‘é
Geometry point curve associated / gz,-tn:: doe;:sFON Point associated

— For most problems, setting the local element size smaller (on surfaces, curves, or global
min size limit) will allow extra geometry constraints to be modeled with decent quality

— Butin this case, the low angle stays about the same even with a smaller mesh size

-~ by

e 8° « Thisiswhy itis necessary to remove the low-angle
< J— curve constraints

—  This can be done by running build topology with
/ \ q “filtering” because the surfaces are tangent, or by

y e segmenting curves and deleting the small angle

s
-—--"ﬁ"; f — =+ Itcan be fixed at the mesh level by merging nodes,
"~ segment / either interactively, or possibly all within a tolerance

Delete segments
© 2014 ANSYS, Inc. September 22, 2014 20 Release 15.0



Mesh Density — Polygon Shaped

 First turn OFF all geometry items except Curves

 Turn OFF all parts except VALVE

— You'll be left with just the curves bordering the valve
surfaces (because of build topology with “inherit part”)

 Create a Mesh Density using the Points method
— Set asize of 1, which is half the surrounding density size

kesh

%R‘E“‘

Create Density

Marme |density.'l

Size(]1
Fatio |0
Wiclth |0

Density Location

From

" Entity bounds
Points [{5.9393391 \R

Appby | )4

Dismis

© 2014 ANSYS, Inc.

Pt12 lu:ﬁ/)e

September 22, 2014 21

Select on many locations on the outer
two curves of the valve as shown (order
doesn’t matter)

Turn ON Densities and all parts after
creating the density and turn OFF
Curves to see it more clearly

E‘\Ptg

t15 EK
Pﬁﬁf- Pt 4

\Ftﬁ t5

Density shown
inside the
previous density

Pt1 6

1] Suraces |
— ] Bodies
— ] Densities,

— ] FLUID_MAT
—] IMLET

View from side

Release 15.0



WWSEH Scale Mesh Density
- Scale the density larger :f’rfwi_@ @ﬁ(@

— Geometry > Transform Geometry > Scale Geometry
« Often the most bothersome task of creating a density is

establishing the locations for the density corners since  Transformation Tools ?

the3./ are typlcally. not on geometry ent.ltles. O onaty caneit ]
« So it may be easier to create the density directly on

geometry and then scale it larger or move it Translate/Rotate/Mirror/Scale

— Press the Select geometry button and select the ﬁ//'pm%ﬁ@p
inner density

Scale

— Turn off point, curve, and surface selection if you ~ Copy
have trouble selecting the density.

Increment Parts

Select geometry

@E%xw%@ %Eﬁﬂ@'\{@ﬂ y/@@ B‘#m % % ﬂ ScﬂIEGeumEtf}f

* factor |3
— Xfactor = 3, Y factor = 1.5, Z factor = 1.5 Y factor |1.5
— Center Point = Centroid

Zfactor |15

Center of Transformation

|::> Center Foint |Centroid j
I—DX I—»X [ ] -

Apply | Ok Dismiss |

© 2014 ANSYS, Inc. September 22, 2014 22 StretChEd more in X direCtion Release 15.0



Inspect Mesh

 Generate an Octree mesh on the geometry

* Inspect a cutplane normal to the Z direction gomg
through the VALVESPHERE

Mesh size from outer
density

This illustrates an important concept

Multiple mesh sizes can be
prescribed in any given location due
Mesh size from inner to global setup, surface/curve sizes,
density part mesh sizes, densities, etc...

« The smallest size is always favored
in any given location

© 2014 ANSYS, Inc. September 22, 2014 23 Release 15.0




Leakage — Delete Surfaces

“Leakage” can occur with tetra octree during the last third of the meshing
process when it attempts to mark tetra elements into the parts of the
material points (“running cutter”)

If it cannot find enclosed surface regions around material points, it cannot
figure out which elements to mark into certain parts and which elements to
delete

In order to demonstrate this, you must first create some gaps or holes
Geometry > Delete Surface Geometr |

— Select the 2 surfaces shown f/‘\(ﬂ gﬁi ﬁﬁ)ﬂ@

© 2014 ANSYS, Inc. September 22, 2014 24 ; Release 15.0



Octree Mesh

Before Octree meshing, set the max size on all surfaces to half (2) of the
current size (4)

kesh ]

« Generate the Octree mesh N Repair holes =X
%m i A popup message Wi" read’ “Your “Y'our geometry has ?l_hl:lh?,
geometry has a hole, do you want to dlo you wantta repair it?
Surface Mesh Setup '@ 1.
T repair it?” Press Yes
Surface(s) |FACE4T FAC i i
— This will create a subset called Leak @’ e oy Shele
oo Location which displays the single
Height |0
Height ratio |D edgeS

ﬁ"ﬂ LeaklLocation

| added iaces

| Yolumes

Gaps show up with ragged single edges while holes
show up with clearly defined loops of single edges

© 2014 ANSYS, Inc. September 22, 2014 25 Release 15.0




Create ORFN Material

« Avred jagged line may be present which shows the leakage
path between material points when multiple material points
are present

 Create an ORFN material point in the tetras to be cut away
— ORFN is areserved name for the region to delete

— A cut plane shows tetras outside the geometry, but if
you create the ORFN point outside of any tetras, it won’t
work, so look in the messages for the location where
octree creates it and create one at the same place

Cutplane

running cuter

computing opagque faces
adding missing faces Geometry ]
0 faces added
Adding new material point ORFNA1 outside object 5@4 75475 66.4163) *f Y v
determining material point containment ¥, ) =
Ferarming flaod fill

« Geometry > Create Body > Material Point CresteBedy ?
— Part = ORFN TeerlorAl D -
— Location = At specified point R, orew

N -
Material Point

— Highlight the coordinates in the e
message WIndOW and USG Ctl’l-C tO " Centroid of 2 points

copy and Ctrl-V to paste in the menu T=&uesdiedoan—
— Apply Point [6.05464 75475664163 N ..

© 2014 ANSYS, Inc. September 22, 2014 26 Apply || ok | Disriss | Release 15.0




. Edithesh |
Red Jagged Line 79 0ssE-

 If you were to remesh with 2 material points present, you
would see a red jagged line connecting the material points if
there is leakage between the regions

 But you don’t have to perform the entire meshing operation
over again. You can just perform the last step called “Flood
Fill,” which determines the containment

Repair Mesh

Mesh Repair Tools

 Edit Mesh > Repair Mesh > Flood Fill/Make Consistent Flood FilljMake Consistent
— Turn on only Flood Fill
- Apply 5] Geometry T it cutacomesn

(1 Subsets  — Turn on bodies

Apphy | Ok, | Dismiss‘

Follow the red
jagged line from
ORFN until it looks
like it is passing
into the model.
This is the location
of the leakage.
Turn on surfaces to
inspect.

Release 15.0
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I\NSYS MethOdS to Fix Edit Mesh
« There are two ways to fix leakage ﬁ@ﬁ ﬂ Q@ J‘

1. Repair the geometry and remesh Repair Mesh

. ! . Mesh Repair Tools a
— Usually just creating fill surfaces, but may )
require more complicated repairs ﬁ

2. Repair the mesh 5,&Q 086
— Surface mesh the hole(s) Izl;ﬁ
— Make consistent will adjust the tetra mesh to Mesh from edges
match the repaired surface mesh Mesh type [AllTr |
— Octree meshing will have the leakage again cages [ Ay -
 Edit Mesh > Repair Mesh > Mesh from Edges | Surtace projection .

i [ Single loop & complete edges
— Box or polygon select each loop of single edges one- |

at-a-time and middle click or Apply P [ Kesp volume consistent <
 If Keep volume consistent is ON, the tetra mesh ok | oo
i . . Apply ‘ K Dismiss ‘
will be adjusted after each loop is meshed

« For multiple loops, turn this OFF, and after ' Y WM
surface meshing the loops, run Edit Mesh > e
Repair Mesh > Flood Fill/Make Consistent using 7
Make volume mesh consistent with surface ‘ '
mesh followed by Flood fill to remove tetras in
the region outside the geometry (ORFN region)

Loop 3
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