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CastNet CAD input and meshing

* Modeling and meshing environment for CFD and FEA

» CAD-Model based (reads Parasolid -xt, Acis —sat or Granite Pro-E parts) or discrete mesh
data (e.g. stl)

* Builds internally non-manifold model based on CAD assemblies with conformal mesh
transition between parts

» Generates hybrid meshes

» CFD specific features (boundary-layer-meshing, curvature controlled meshing,...)
 CastNet is based on commercial meshing, CAD import and abstract modeling technology

(not open source)

OPENFOAM® is aregistered trade mark of OpenCFD Limited
This offering is not approved or endorsed by OpenCFD Limited, the producer of the OpenFOAM® software and
owner of the OPENFOAM® and OpenCFD® trade marks.
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CastNet for OpenFOAM® Toold LT

Major goals:

» Providing access to reliable, robust and high quality CFD-meshing based on CAD geometry
« Establishing complete GUI based environment: Access to strong OpenFOAM® -solution
capabilities without editing text files or detail knowledge of keyword-structure (e.g.

“turbulentMixingLengthFrequencylinlet” )

* Reducing the time from CAD model to OpenFOAM® run-ready case

Fully compatible: User can switch anytime from GUIs to text-based model setup

User can extend the CastNet model output for specific needs
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CastNet for OpenFOAM® Toold LT

Major features:

» Support of OpenFOAM® 1.5 and OpenFOAM® 1.6.(x)

* Direct generation of complete models (variables, controlDict, solver settings, materials etc.)
for more than 15 solversin 1.6

» Convenient definition of boundary conditions using derived OpenFOAM® patches

« Definition of local, initial conditions e.g. specification of volume fractions in particular regions
» Face and cell zones (e.g. baffle or fan faces, porous or MRF-zones)

 User support by “defaults” e.g. walls with zero-gradient or wall function selection

» SnappyHexMesh in case hex-dominant meshes are required

 Additional GUI for job-control during the run: Switching solvers, changing schemes,

modifying underrelaxtion factors, plotting residuals,...
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Example

File teshing Process  Attributes

Wiew Calculatar

Attributes
MName Type 1]
- analysis analysis
=l Boundary Caonditions Boundary
inl Inlet
p_out Outlet
=l Face/Cell Zones FacesCel
porousDZ Cell Zang
porousD Cell Zong
porousCe Cell Zong
porouscl Cell Zong
porousBz Cell Zaneg
porousgl gl Zoneg
porausa
hafile

=1 Initial Conditions

=l Mesh Specification

tank_hl
rohrz

bl_innen_ohen
bl_innen

extop2
exotp
exobens
exoben
ex_aus
einz

einl

mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury
mesh cury

[P R

JOBUTTT
3D Bounc
30 Bounc
30 Bounc
Allow Ref

Gen.
Gen.
Gen.
Gen.
Gen.
Gen.
Gen.

Extrt
Extrt
Extrt
Exin
Exin
Extrl
Extrl

Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cut
Mesh Cut
Mesh Cut
Mesh Cut
Mesh Cut
Mesh Cut
Mesh Cut
Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cur
Mesh Cur

Mesh Cu
Mesh Cu

5

Action  Selection  Properties  Wiew

Large number
of flow
Outflow obstacles,
flow resistances
(porous zones)

Direct modeling of and baffles
baffle faces and
porous regions
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Free-Mesh
and extrude
regions
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OpenFOAM® Interface

M N:/datafsimmetrix/abstract_

I Edit Node
File  Meshing Process  Attributes
Model Associations
Attributes Selection  Properties  Wiew i
|#ame: |C0ntr0IIDict| I Edit Node
wpe: Contral DickfSolver CD Definition Model Associations
Mame recedence: |0 e |in|et |
= analysis T " ' F
: : Inlet: Yelocit
=) Model Specifications pplication |rhoS|mpIeF-:am ¥pe CII'IE : ||3 ocify
- solver Skeady-state, burbulent, compressible Fluids e
- Mat:air ] P
vars: p, U, T, Turbulent RANS
- K-omega SST model ars: p, U, T, Turbulen . locity specification Face normal U v|
. ControliDict Use: Real abs. pressure, thermophysical Mat, U |_5 |
=} Mesh Specification ;
- right_extrude_region Start From Start time use negative value For inflow
- oukerregionmeshSizedl ot o tme |D
- outerRegionmeshSize dimensions [0 1 F1 000 0];
- modelMeshsize Stop at
- miadellurveRefine
- minCurySizeReq End time | 1000
- minCurySizeReq _ internalField uniform (0 0O 03;
-~ minCurySizeReq Delta time |1
- midregionsize
- mid_blavers ‘Write control
- leftextrude :
- MinCurvelodelcurer )| Write interwal |2SD bounda ryF 1eld
-~ CurySizeRegions : {
- CUrvSizeRegions Furge virite | 1
-~ CurySizeRegions :
=+ Initial Conditions Yile ek wall
----- initalCond 4 o
 ParejCell Zones Write precision |6 {
B BPUHdBFYtCU”ditiU”S Write compression Uncompressed type fixedvValue;
o p_ou
inlet Time Formak eneral value unifeorm (0 0 03 ;
heatingwalls 4
Time precision |6 }
Run kime modifiable Yas
odel Associations---------- , 1
Model inlet
{ ‘L
tvpe surfaceNormalFixedvValue;
refvalus unifeorm -5.0;
Reset Appl
£ 111} ] PR }
face 577

top



OpenFOAM® Interface
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M N:/datafsimmetrix/fabstract

File  Meshing Process  Aktributes

5l Edit Node

Attributes

Mame

=B analysis

(=} Model Specifications
- solver
- [k air
-~ K-omega 35T
- ControllDick
[=} Mesh specification

- right_gxtrude_reqi

- modelMeshSize

- modelZurveRefine
< minCuryaizeReg
< minCurySizeReg
< minCurySizeReg
- midregionsize

- mid_blayers

- leftextrude

< CupySizeRegions
< CupySizeRegions

-~ CurwSizeReqgions
= Initial Conditions

- initalCond

- FaceCell Zones
(=} Boundary Condition:
p_out
inlet
o heatingwalls

- oukerregionmesh3ize:
- pukerRegionmeshSize

- MinCurveModelCurvR,

[y]

Model Associations

ame: |Cnntr|:|||lDict|

wpes ConkrghickfSalver C0 Definition
recedel |D

iz akion |rh05impleFoam

Wars: p, U, T, Turbulent RARS

Steady-state, turbulent, compressible Fluids

IJse; Real abs, pressure, thermophywsical Mat,

Bi=]E3
Selection  Properties  Wiew B Edit Node |_ ||E||X|
IModel Associations o
EInER |in|et |
v| per” Irlet Welarity
Precedence: |D |
lowcity specification |Fau:e narmal Ll vl

Start From

Start time |0

Stop at

Skart time

1 Walule |—5

w : i
use negative value For inflow

| - Turbulence |k—nmegall'SST—Mc-dells V|

-eps kurh, Specifaction |Intensity,|'Length Scale vl

End time | 1000

Turb. Intensity |0.05

Delta time: | 1

Turb. Length Scale |IZ|.1

w'rite control |I:imeStep /| Temperature/Heat Flux | Temperature  w
Bt

value |273

it interval | 250 e
=

-

Purge write | 1

W'rike Form

|:| Pressure

Gradient (inkompress: pfrhol} I:l

|

precision |6

Write cormpression Uncompressed

Time Format General

] Gamma |Gradient

Yalue | i}

Time precision |6

Run time modifiable Yes

in welocity inlet: zero gradient

Default condition For unspecified wariables

Aeas N

face 4576

Solver settings, boundary conditions, etc.

Are associated with the CAD geometry or general model

leset Apply
] L

1 Close |

face 577
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Advantages of CAD associated modeling

* Allows changes easily, e.g. boundary-layer, mesh refinement zones
boundary conditions

» Mesh can be defined and successively improved in a step by step approach
» Meshing process can be optimized dynamically considering all attributes
(e.g. adapted surface mesh if volume mesh would cause bad elements)

« Simplifies data-management: Attribute file and CAD geometry store all
meshing and simulation model data (solver settings, material...)

Establish and undo associations

Abstract modeling:

Abstract modeling is a technique that allows to define the
components of a numerical analysis problem independent of a
specific geometric.
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Abstract Modeling: Example

Concept- or design study
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Abstract Modeling: Example Tools

Basic question:
How can CAD entities (faces, regions, edges...)

be addressed in very different designs?

Several options in CastNet:
1. Identification tags in CAD system
2. Geometrical compare

3. Relative relations and search algorithms
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Example: Relative relations and search algorithms

1. Step:
Definition of abstract components

General model:
Used for controlDict, solver setting,
fluid properties, ...

free mesh

extrude

CAD-model related entities (e.g.
faces):

Used for:

Meshing, boundary conditions
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Abstract Modeling: Example
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File  View
- components — View Action Selection Properties
- modell
- inlow_comps
- mid_comps
- inflowfaces Mame: midfaces
- ouflow_comps Type: AbsComponent
- midfaces Operation: pruneComponentToDimension
- iNRe
outﬁiw face Eliminate all topological entities from the
- mid_reg component except for entities of dimension
- inRegPlusFaces i
:j;fu;fore:g_use Valid abstract integers for absDimare 0 (vertex),
midRegausFaces 1 {edge), 2 (face) and 3 {region). If absDimis set
- putreg_faces to any other value the evaluation of this
- gut face use component and any other abstract entity using
inter in this component will be aborted, If the evaluation
- inter_out happened during a call to
- mid outer faces AbsModel_buildConnector() this compenent and
w " those using it will not be connected and the failure

- mid_faces_pruned
[#- doubles
[#- integers

(- points

[ vectors

[#- boundingBoxes

[+ componentlists

- componentPairLists
- booleans

- conditions

will be noted in the connector (see
AbsModel_buildConnector{) for more details). If
this component was evaluated due to a call to any
of the individual evaluation functions, an error is
thrown (see AbsInt_eval() etc. for more
information)

N

Labels

Label

s Jbo= ]

(

face 3

2. Step: Modeling GUI:
Simplifies the abstract
component definitions and
visualizes the component in
target models.

Typical operations are:

* Find nearest entity (e.g. face)
of a given point

« Bounding boxes: E.g. pick all
entities in a specified bounding
box (used here to identify the
midfaces).

» Loops over geometrical
objects.

» Boolean operation (e.qg.
compare regions to identify

- common faces)
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Abstract Modeling: Example

) Model
Mame - Type Image Representation Tyg .
: ) ; () Global
[=}- analysiz analysiz -

.- SnappyHex-Modeling SnappyHex-Maodelling 5| Edit Mode E@g @ Components:

- Model Spedfications Model Spedfications —
. solution Solution Settings Model Aszociations - Component Pair Lists
- parallel_run Pre/Run/Post _— |Heat wal | - Component Lists
- k_omega_sst General Models I = . - Components
- fluid Materials ype: Wall Specified Wall " model
cd Control Dict all type Fixed Wall E - inlow,_comps

=} Meshing Process Specification  Meshing Process Specification -~ mid ::_omps
- wol_mesh Volume Mesher  infiowfaces
- surface_mesher Surface Mesher urb wallfunction |513r1dard with defaults values |zl - ouflow_comps
- mesh_rep Mesh Representation midfaces
- Element_order Element Order - inReg

& Mesh Specification Mesh Spedification ) Thermal |Tem|:lera11.|re - putflow_face
- yol_shape Volume Shape Metric — - mid_reg
sulrfa::e_shape Surface Shape Metric . Value |5|;m | inRggPIusFaces
- rel_curv_min Minimum Curvature Refinement Siz{ .
~rel_curv Mesh Curvature Refinement [ alpha1 Wall Condition |a||:uhal grad |zl Zj;;:ﬁcre:guse
- ms_out Mesh Size midF‘.egp_ilusFaces
- mid_reg_bls 30 Boundary Layer - putreg_faces
- mid_faces_ms Mesh Size ) ) . )  out face Lse
- mesh_size Mesh Size ed active variables: zeroGradient e
- inflow_ms Mesh Size —inter out
- pxtrude_out Gen. Extrusion Mesh Source -
- gxtrude_in Gen, Extrusion Mesh Source |- midfaces
- bls_regions 3D Boundary Layer
- allo_refine Allow Refinement For Shape

=+ Initial Conditions Initial Conditions
L init General Internal Ei

- Face/Cell Zones .

(=t Boundary Conditions 3 . St e p .
Pt = | | Definition of attributes related to abstract
L — ] 11 » 13 . ”

Heat_wal wal s components (here “Heat_wall” on “midfaces”)

The abstract component “midfaces” is the
placeholder for the real CAD entities
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4. Step: Finally: Applying the abstract model to different CAD geometry

K] *-- [OpenFoam1.6]

File Meshing Process

5| Edit Node

&1 *— [OpenFoam1.6] 3

Model Associations

Meshing Process L i L

l %] Edit Node

- bls_regions
- gllo_refine

Face/Cell Zones
p_out

inl

- Heat_wall

Attributes
R Name:|Heat_waII
Type: Wall Specified Wall
Name all type |Fixed Wall
=8 analysis
i SnappyHex-Mo
[} Model Specifica] ||Turb wallfunction  |Standard with defaults values
- solution
- parallel_rur
- k_omega_s{| Thermal |Temperah..|re
... fiuid
cd Value | 500
(=} Meshing Proces|| = . -
- vol_mesh alpha1 wall Condition |alphalzer0 grad
- surface_mg)|
- mesh_rep

-~ Element_ofl /|| pefault BC for unspecified active variables: zeroGradient

= Mesh Spedificaf] |

= Boundary Conditions

Model Assodations-

| ey [ o

> Face/Cell Zones
(= Boundary Conditions
- p_out

Abstract component
“midfaces” is replaced
by real faces

Model Associations

MName: |Heat_wa||
Type: Wall Spedfied Wall

Wall type |Fixed Wall

Al ’Turb wallfunction |513ndard with defaults values

Thermal Temperature

value | 500
alphai Wall Condition |alphal zero grad

Default BC for unspedified active variables: zeroGradient

Model Assodations:

Apply

J [

Different pattern result
in different faces
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Abstract Modeling: Example

p
I'IOOO]S

y . 100009
I

o 100004

S I99997.9

99997.4 99992.1

dP infout: 8 Pa ™ dP in/out: 15 Pa

*

p
I 100020

P
Ilooom

100012
100009
100004
100004
99996.6
| 99998.5 I
I 99988.8
99993.3

dP in/out: 14 Pa dP in/out: 20 Pa
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Abstract Modeling: Example

T
|400

368.2
336.5
304.7

273




Benefits of abstract modeling Tool<
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* Allows defining components of OpenFOAM® cases independent of a
specific geometry.

 Fast and reliable model generation for geometry case studies including
meshing, boundary conditions and solver settings.

» The abstract model condenses all CFD- and OpenFOAM® expert
knowledge (meshing, solution settings) resulting in run-ready cases after
applying the abstract model to various CAD-geometry cases.

 The risk of biasing the design study by mesh dependency or different
solution setting is reduced.
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CastNet for OpenFOAM®

 Further support of CastNet features: Easy identification of cell and faces zones for multi-
region applications (e.g. chtMultiRegion, FSI...)

» Extending the runGui: Allowing a detail job control and manipulation (e.g. plotting probes,
switching more schemes....)

» Support further features for 1.6-extended as soon as this version is available
* GGI
« Sliding meshes
* Windows Version
* more schemes, patches and solver

Thank you for your attention !

For more information (e.g. movies ,,CastNet for OpenFOAM®") please visit:

http://www.dhcae-tools.com/OpenFOAM.htm



http://www.dhcae-tools.com/OpenFOAM.htm

