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Evolution of Mesh and Geometry PEINTWIDE
- 1984 - Gridgen development began ‘ r

« CFD solvers predominantly single-block
- finite difference
- structured grid

« Multi-block methods beginning to emerge

 Geometry was rare and sparse

- Often provided from panel method codes
- Stored as bilinear patches
- PLOT3D format
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Evolution of Mesh and Geometry PEINTWISE

« With multi-block, topology of surface meshes differed from
the bilinear geometric representation

- Required a topological structure for the grid
- Vertex (node)
- Curve (connector)
- Surface (domain)
- Volume (block)

- Users applied care to ensure
- Adjacent surfaces shared curves
- Adjacent volumes shared surfaces

- Duplicate checking procedures integrated at
vertex, curve, surface level
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Evolution of Mesh and Geometry PSINTWISE

« 1994 - Pointwise incorporated

» Gridgen V12 - Geometry represented as rudimentary
- Curves - conic, Akima, Catmull-Rom, etc.
- Surfaces - ruled, polyconic, revolution, sweep, planes

- Stored in Bezier/NURBS form ///,//;,,;;‘;;g...,
' - - W 0y i 4
- Surfaces were “trimmed” by user-defined ’ Ly

- A1)
grid curves 74

- Potentially spanned multiple surfaces
- Small gaps, overlaps OK
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Evolution of Mesh and Geometry PEINTWISE

* 1996 - Gridgen V14
- IGES import
- 141-144 entities
- Limited 186 support

- No solids
- Extracted trimmed/bounded surf data only

- Unstructured (triangle) surface grids, (tet) volume grids

- Reduced surface topology on unstructured grids offered potential for
auto creation of curves, surfaces

« 2000 - Gridgen V13.3

- Interoperability (CatiaV4, V5, UG, Pro/E)
- CAD file import via file translation
- 3 party vendor — not practical to develop in-house
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Evolution of Mesh and Geometry PRINTWISE

HHHHHHHHHHHHHHHHHHHHHH

« 2 Methods for Creating Watertight Meshes =

- 2000 - Fault Tolerant Meshing (FTM)
- CAD models imported w/o solid information

- Gaps, overlaps in CAD models ignored by maintaining
mesh connectivity at the mesh curve, surface level

- Curve discrepancies reconciled by splitting at node
locations, removing duplicate nodes, curves

- Automation possible via recursive operations\
with ever-increasing tolerances

- 2005 - Solid Modeling (Gridgen V15)
- Solid topology imported from CAD file

- Repaired using similar algorithms as fault tolerant meshing
- Surface stitched together prior to creating mesh

- 2012 - Solid Modeling (Pointwise V17)
——— - & @
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Difficulties with Meshing on CAD PEINTWIDE

» Watertight Meshes

- Solid Modeling and FTM each routinely used

- Effectiveness depends on quality of CAD file and proper usage
of CAD/Mesh tolerances

- DynamicRange

- log,, of the ratio between the largest expected number in the model

(ModelSize) and the smallest relative query/calculation (min surf As)

- Unstructured Delaunay mesher: DynamicRange = 5-6

- CAD systems: DynamicRange = 7-11 (Pointwise = 9)
\/ minAs=0.00001 L=20 '

|

5 DynamicRange = 8
- () " ModelSize = 103




Difficulties With Meshing on CAD PEINTWIDE

» Tolerances (similar for Solid Modeling & FTM)
- ModelSize (default = 1000)

- SamePntTol = ModelSize/DynamicRange
- (default = 103/10° = 109) |

- GridPointTol = smallest spacing anywhere in mesh
- (default = 10-7)
- Implicit Tolerances / ,

- CurveTol —minimal cylinder radius
- VertexTol (= CurveTol) - minimal sphere radius

trimSurf 2

» Tolerance should be modified sparingly!
- Confusing - required in-house training



Difficulties With Meshing on CAD PEINTWIDE

 Surface-Surface Intersections

- Can yield Curve/VertexTol 1 order larger than samePntTol
- Balance between accuracy and point density of parameter space curves

» Legacy Files
- Tend to be sloppy, redundant, too detailed, etc.

- 37 Party Interop Libs attempt to regularize all CAD
- Matrix of import options prohibits most automation
- Pointwise is currently using 37 vendor

» IGES files still frequently encountered

- IGES format is adequate
- Implementations of readers/writers is not

- CAD vendors not incentivized to produce accurate IGES export



Difficulties With Meshing on CAD PEINTWIDE

« With Poor Geometry...
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- CAD cleanup takes up to 50% of effort
- Sorting entities into layers
- Removing details
- Stitching unrecognized topology breaks

- Both methods require surface grid point spacing
to be greater than geometric gaps

- FTM is difficult to automate, tedious with
W,

complex models
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- curve tolerance in vicinity of surface-surface «#EW“‘
- Surface-Symmetry junction problems S ‘ﬁm&ﬁ%{%}“p
L . ROy } (Y
Viscous spacing « curveTol or samePntTol %""ﬁﬁ‘%‘é@‘k‘

- FTM is often used
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Difficulties With Meshing on CAD PeINTVISE

« With Good Geometry...

- Hard edges (CAD edges preserved in grid)
usually not defined in CAD model

- Pointwise uses Quilt entity

- Engineering surface on which a single mesh is created
- Quilt € Model
- Boundaries of quilts are hard edges

- Automation of mesh generation for CFD difficult

- Depends on...
- Corporate best practices
- Anticipated flow physics

- 2 customers have developed sophisticated templates
(using Glyph) to automate mesh generation procedure

- Surface meshes made in < 1 hour
- Volume meshes made automatically

multiple quilts
14



Difficulties With Meshing on CAD PeINTWIE
« Towards automation of mesh generation

- Attributed CAD - mesh parameters tagged to geometry
- Pointwise effort funded by US Air Force and MIT
- Commencing Oct 2017, duration 1-2 years
- Transverse, normal spacing, BC types, etc. defined in pre-CAD environment

- Exported to Pointwise
- Meshing proceeds automatically from attributes

- Geometry API integrated into CFD software

- Allows basic yet non-optimal/complete mesh to be handed to solver
- Solution Adaption
- Degree Elevation for higher order solvers

15
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product development efforts and reduce technical risk i the
future. Sustainmg fiture advances in CFD and related mmlti-
disciplinary analysis and optimization tools along with strong
support of ground-based and flight testing technologies and
faciliies will be key for achieving NASA next generation
aeronautics goals, keeping ndustry competitive, mvigorating
NASA’s space program, and advancing aeTospace engineer-
ing. With imvestment, the resulting engineenng design pro-

paez womld darraace micl rediea e tromarkat  immToee

T T B R R R T R R e . araal

current state, we identify technical mpediments and formm-
late a technology development plan This in furn is used to
develop a research strategy for achieving the goals of the

Jision 2030 CFD capability. The outcome of the research
plan is a set of recommendations fornmlated to enable the
successfill execution of the proposed strategy.

[}

3 Vision of CFD in 2030

Given the inherent difficulties of long-term predictions, our
wvision for CFD m 2030 is grounded on a desired set of capa-
bilities that must be present for a radical improvement m
CFD predictions of crifical flow phenomena associated with
the key aerospace product/application categories, including
commercial and military aircraft engine propulsion. ro-

trrrraft emana avnlaration cvetame larmeh wahinla nrnarame

knowledge in the parameters of a particular fhud flow
oblem.

3. A nmch hicher degree of automation i all steps of the
analysis process 15 needed mcliding geometry creation.
mesh generation and adaptation, the creation of large da-
tabases of smmlation results, the extraction and under-

standing of the vast amounts of information generated.
and the ability to computmm.lzll'\ steer the process. In-
herent to all ﬂ.lese is the that
every step of the solution chain executes blE].l levels of
IEJ.lﬂ.blth\ ‘robusmess to minimize user ntervention.

Mesh Adaption and Degree Elevation

(Critical Flow Phenomena Addressed in This Study

* Flow segaration: € 9., smooth-body, shock-induced, bluntibhu body
* Laminar to turbulent boundary layer flow

* Viscous weke interactions and boundary layer confiuence

* Cormerfunction flows

Icing and frost
Cm.iahnnandﬂuwwa'atmmhul

md.u.'.ldm.ll\ managing each simulation, to a prre-spec:lﬁed
level of accuracy. There should be less emphasis on the me-
chanics of nu.minz and collecting the information, and more
emphasis on inferpreting and understanding the results of the
work. Like the predictive nature of large-scale, finite-
element-based, linear structural analyses that are assumed in
the aerospace industry, information derived from computa-
tions of fhuid flow mmst camy the same stamp of approval or.,
at least, a reasonable estimate of possible emors contained in
the information provided. At the moment, CFD is not yet

for adaptive meshing purposes, tight coupling between
the CFD software and geometry definition is required...”

‘Wake hazard reduction and avoidance:
Wind tunne! to Sight scaling
Rotor aero'stucturalicontrols, wake and mulfirotor interacBions, acousic
loading, ground effects
layer, shockjeti

Sonic boom

Db o

“additional information such as slope and curvature or
even higher surface derivatives may be required for the
generation of curved mesh elements...
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fication tests, and flight tests by redumz the number of test
entries and/or redumz testing hours ™ But, in many circum-

stances, CFD provides the only affordable or available source
of engineening data to use in product design due to limita-
tions either with model complexity and/or wind tumnel capa-
bility, or due to design requirements that cannot be addressed
with ground based testing of any kind ® ' As a result, CFD
technology development has been crifical in not only mini-
mizing product design costs, but also in enabling the desizn
of truly novel platforms and systems.
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THE CHOICE FOR CFD MESHING




Mesh Adaption and Degree Elevation PeINTVISE

» Pointwise’s geometry engine
- 4th generation non-manifold solid modeler

- Project Geode — ongoing private beta program with 7 different CFD
code teams
- SU2 (Stanford)
Integrate API into solver for mesh adaption and node insertion
Primary need is grid point surface projection
Geometry exported from Pointwise using proprietary format
Plans for no-cost public beta are next

- Feedback

- Stronger link needed between grid points and geometry
- Grid point needs to know if it is constrained to surface interior, edge or vertex
- Surface grid entity needs to know which trimmed surfaces it can project to

18



Mesh Adaption and Degree Elevation

« Schema for linking geometry to mesh

for subsequent grid editing

- will allow grid points to remain attachec

to limited entity groups
- e.g., surfl, surf2-surf5, edgel-edg6
- Atomic classes (XML elements)

- MeshLink, GeometryReference,
AttributeReference

- MeshModel, MeshVertex, ParamVertex,
MeshRegion, MeshSheet, MeshString,
MeshPoint, MeshCell, MeshFace, MeshEdge

« Geometry and XML files define
adaptive/elevation space

% cube.volmesh.simple.mlx (L\Presentations\[TI-CAE-Geometry-Workshop-2017) - GVIM2.

File Edit Tools Syntax Buffers

SIRE 9 @

Window Help

BSRRB/SIA|ITHRO 22

<GeometryReference
{GeometryReference
<{GeometryReference
{GeometryReference
{GeometryReference
<GeometryReference
<{GeometryReference
<GeometryReference
{GeometryReference
<{GeometryReference

gid

{GeometryReference gid="29"

<GeometryReference gid
<{GeometryReference gid

name="Cube curve 11"><{/GeometryReference>

ube curve group 12">{/GeometryReference>
ube curve subpart 12a"><{/GeometryReference’
ube curve subpart 12b"></GeometryReference>
orner point 1"»</GeometryReference’

orner point 27></GeometryReference>

orner point 3"></GeometryReference’

orner point 4"></GeometryReferencel

orner point 5"»</GeometryReference’

orner point 6"></GeometryReference>

orner point 7"></GeometryReference>

orner point 8"></GeometryReferencel

ube outer volume"></GeometryReference>

g
ngqe

<GeometryReference gid="32" name="Cube inner volume"></GeometryReference>

{BeometryReference gid

name="Cube model">{/GeometryReference>

<MeshModel mid="1" name="Cube mesh" attid="2" gid="33">

<MeshUertex
<HeshUertex
<MeshUertex
<MeshUertex
<MeshUertex
<MeshUertex
<MeshUertex
<MeshUertex
<MeshRegion
<MeshRegion
<MeshCell
<MeshCell
{HeshCell
<{MeshCell
{MeshCGell
<MeshCell
<{HeshCell
<fHeshRegion>
<MeshSheet mid="'4"
<MeshFace ei
<MeshFace eid=
</HeshSheet>
<HMeshSheet mid=""
{HeshFace ei
{MeshFace ei
</HeshSheet>
<HMeshSheet mid="6"
<MeshFace ei
<{MeshFace eid=
<fHeshSheet>

5

e

10, 10, 10. fHeshUertex>
a. 18, FfHeshlUertex>
1@, a. FieshVertex>
a. £ tex>
. fHeshUertex>
a. FteshUertex>
18. FHeshUertex>
108. £ tex>
“Outer” attid="2" gid="31"><{/HeshRegion>
‘Inner" atti qid="32">

Tets">6 4 5 8<{/HeshCell>

* etype="Tets">4 8 2 3</MeshCell>
etype="Tet4">4 8 3 5<{/HeshCell’
etype="Tet4">2 1 3 8<{/HeshCell>
etype="Tet4">2 7 1 8<{/HeshCell>

* etype="Tet4">2 6 7 8<{/HMeshCell>
etype="Tet4">2 & 8 4<{/HeshCell’

frontRHid=""2" backRMid="3" usePU="false" name="Back" attid="6" gid="5">
8" etype="Tri3">1 2 3{/HeshFace>
9" etype="Tri3">3 2 4{/HeshFace>

frontRHid="2" backRHMid="3" usePU="false” name="Bottom” attid="7" gid="2">

10" etype="Trid">3 4 5<{/HeshFace>

11" etype="Trid">5 4 6<{/MeshFace>
FrontRHid: * backRHL * usePU="false” name="Front” attid="3" gid="4">

rid">»7 8 6</MeshFace>

13" etype="Tri3">6 8 5<{/HeshFace>
49,1 39%

m

INTWE

THE CHOICE FOR CFD MESHING
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Mesh Adaption and Degree Elevation PeINTVISE

* Anticipated Problems

- Some CFD apps will require multiple
order of magnitude surface mesh
refinement (LES, DNS)

- Grid point projections are unpredictable when
points lie within curveTol of the CAD edge

- Reduced tolerances won't help if surface mesh
has regions of very sharp curvature
- Higher-order meshes

- Pointwise SBIR effort funded by NASA

- Convert surface and volume cells to curved
elements

- More projections per element

- Blind (e.g., evenly spaced) placement of
interior nodes can result in negative Jacobians
at higher (e.g., 6t") order

- Tight spacing near edges problematic




Mesh Adaption on CAD Surfaces PeINTVISE

* Potential Solution?

- Replace the NURBS rep with an alternate geometric
basis that provides CO continuity at quilt boundaries

- Modifies original geometry
- Refinable to near machine zero

- Possible alternate geometric bases

- High order (degree 3) triangular surface

- Requires reasonable linear triangle surface mesh as
starting point

- Optimization problem balancing C1 continuity with
surface shape

- nVariate, Austin, TX (Ben Urick) Co@=Cy(h)

- Complex method of reparametrizing adjacent trimmed E\ PV OFIC)
surfaces so that the parameter-space curves share Y.

the exact control points and parametrization
- curveTol is 0, though the intersections are generally ¥4
not exact w.r.t. surfaces 1

- Each method is early in development S Aol |
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Conclusions PeINTVISE
 CAD usage in meshing has come a long way in 30+ years

» Pointwise will continue to rely on semi-automated cleanup
tools (FTM) for problematic files

« CAE will continue to see inadequate models until it is seen as
a critical component of the design process

 Pointwise is developing methods for automating and
embedding mesh process

» Alternate geometric representations may be required for fine-
grained solution adaption



