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The COMSOL"
Mesh Format

The native file format supports
grouping elements into selections and
gives full control over how the
elements form domains and

boundaries.

For more information, see the
COMSOL Multiphysics Mesh Import

and Export Guide.
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DEMO: Lungs Import PN, 0 e A
i W2

| Ay
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= Segmented geometry of lungs A » AV %ﬁﬁ‘:ﬂﬁ '
generated by Medical Imaging f;‘: (Y)ﬁ
Toolbox in MATLAB and stored as STL . e=or 3}“‘?‘%’:
file NS\ 6 Z;gggﬂﬁm

= Remeshing and repair of imported
mesh

= Combining imported mesh with local

geometry 3
A L 5
= Visualization and statistic methods S\ e -
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S L = Untitled.mph - COMSOL Multiphysics (Trial version)
Y COMSOL Home Definitions Geometry Materials Physics Mesh  Study Results Developer
Model Wizard %

@

Blank Model

Lungs Import:
Importing STL

= Minimization of imported
boundaries improves the
imported mesh quality

= Visible effect of segmentation
to be further smoothed out

Help e Cancel Show on startup

1.09GB | 1.19 GB
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OVERVIEW OF MESHING

Repairing and
Editing Meshes

Repair and combine surface meshes to
generate new computational domains
for simulations.
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Modifying Imported Meshes

= Generate new mesh or modify the surface mesh to improve quality and control the element size.

= Watertight regions in surface meshes can be filled with tetrahedral, swept, and boundary layer mesh.
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Lungs Import:

Remeshing Surface
Mesh

= Remeshing surface mesh with
Free Triangular operation with
minimal size value identical to
the segmentation value — 0.5
cm
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Delete adjacent lower-dimensional entities 5
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Last build time: < 1 second
Built with: COMSOL 6.1.0.357 (winb4), May 23, 2023, Messages Progress Log Table va

E

[May 23, 2023, 10:30 PM] Finalized geometry is empty.

[May 23, 2023, 10:30 PM] Imported mesh with 333024 boundary eleme
[May 23, 2023, 10:31 PM] Imported mesh with 333024 boundary eleme
[May 23, 2023, 10:31 PM] Mesh has 8 boundaries (333024 elements), 1C
[May 23, 2023, 10:31 PM] Mesh has 2 boundaries (332788 elements).

1.19GB | 1.32GB
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Repairing Small Overlaps and Gaps

= Use to repair imported surface meshes or as an alternative to geometry repair for misaligned CAD models

= Merge of nearby faces, edges, or vertices in meshes for easier meshing



Repairing Holes

pair of small holes during mesh import

= Automatic re

lly repair holes based on hole perimeters

= Use the Fill Holes operation to automatica

electing hole edges

lly s

shed faces after manua

generate me

Faces to

Create

= Use
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Removing Sharp Irregularities

= Automatic removal of smaller irregularities when:
— Creating geometry from mesh

— Remeshing faces

= Manually isolate irregularities and replace with new meshed faces

The STL geometry is provided courtesy of Mark Yeoman, Continuum Blue, U.K.
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Creating Domains from Surface Meshes

= Unite meshes to form new computational domains

— Automatic cleanup of small elements

" |ntersect meshes with a plane (3D) or straight line (2D)

Intersection faces created within edge loops
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Lungs Import:

Repairing Imported
Mesh

= Surface mesh needs to be
repaired to create volume

= Faulty elements can cut out
and replaced by new mesh

= Only now domains can be
formed

S L = AP g £ [ Untitled.mph - COMSOL Multiphysics (Trial version) - O X
Home  Definitions Geometry Materials Physics Mesh  Study Results  Developer
A Application Builder = [l Component 1 ~ P: 2= Variables ~ g = A — 2
[ a® . ] L0, | = E ﬁ
f Model Manager <> Add Component ~ P fo0 - ) 1 Add Physics A—
aran'weters Geometry Materials Mesh = Study Results Layout
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Model Builder v & Settings v % Graphics v
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b = Results
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1.05GB | 1.17 GB

IMAyY 23, 2023, 1U:3Y FIVI] IMIESH EFFOr (Qom 1): INTEFSECTING Tace element
[May 23, 2023, 10:40 PM] Mesh has 3 boundaries (14514 elements), 1 &

[May 23, 2023, 10:40 PM] Mesh has 2 boundaries (14459 elements), 1 e
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Combining Imported Meshes
with CAD

The geometry of a cellphone is united with the scanned
data of an ear.

The geometry can be created in COMSOL Multiphysics® or
imported from CAD files and then be combined with the
imported mesh.




S L = AP () = ilENR- Untitled.mph - COMSOL Multiphysics (Trial version) - O X

Y COMSOL Home Definitions Geometry Materials Physics Mesh Study Results Developer
A Application Builder = [l Component 1 ~ . 2= Variables ~ g = A 2
P, W | i | A =@ E
f Model Manager <> Add Component ~ P fo0 - N “/{ Add Physics A—
aran'weters Geometry Materials Mesh = Study Results Layout
Workspace Mode Definitions Physics
Model Builder ¥ * | Settings ~ * Graphics v
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I—u n S Im Ort' 4 T Component 1 (comp]) - JLIOEln 100
g p e g % DEpoS Last build time: < 1 second ™
. Geometry 1 250
o o . h 8 Materials Built with: COMSOL 6.1.0.357 (win64), May 23, 2023, .
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P+ Import 1 | 200
t . Delete Entities 1 '
( m - i =D
eo e ry 4 Free Triangular 1 A
© 1 Create Edge_s 1 | 150
. Delete Entities 2 | o
[~ Fill Holes 1 g
Create Domains 1 s 100
. % - -
= Object created under £ Finalize |
b = Results Ak
Geometry node handled by an | s0
imported mesh node
200

150

= Fach object still has its own

mesh unaffected by the other Messages x| EEE ] B -x
=

[May £3, 2UZ3, 1U43 FIVI] IMIESN Nas 3 DOUNQAFIES (145 14 EleMenTs), 1 &
[May 23, 2023, 10:44 PM] Mesh has 2 boundaries (14474 elements), 1 &
[May 23, 2023, 10:44 PM] Mesh has 1 domain and 2 boundaries (14494
[May 23, 2023, 10:44 PM] Mesh has 2 domains and 2 boundaries (1449¢

ENLT.Y

1.16 GB | 1.286 GB
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Connecting Meshes

Bridge gaps between meshes by creating meshed edges and faces, and
then generate new mesh to improve the mesh quality.




@ Ihe A AP g =0 RN Untitled.mph - COMSOL Multiphysics (Trial version) - O X

Y COMSOL Home Definitions Geometry Materials Physics Mesh Study Results Developer
A Application Builder = [l Component 1 ~ : 5= Variables ~ g ~
. i A | s | A =8 B
7 Model Manager <> Add Component ~ foo - / “/{ Add Physics
Paran:eters Geometry Materials Mesh = Study Results Layout
Workspace Mode Definitions Physics
Model Builder v & Settings v % Graphics v
o TV EE-BY S | import Qaa@y @yl @8-
4 %@ untitied.mph (root) % Build Selected B Build Al G-Eh | =2=- 0D =2E
4 (I Global Definitions g 20~ Hvapg
Pi Parameters 1 Label: Import2 = -
= Materials
4 1@ Component 1 (compl) v Import
b = Definitions
A Source: /
4 5 Geometry 1 |
L I rt - 4 = Work Plane 1 (wp1) Geometry sequence 2 .
u ngs l I l po ° - Plane Geometry Geometry: 200 L~ e . I.'I
Ellipse 1 (eT) 5
M h F. I ° t- b [ View 2 Geometry 1 | |2 Import =l
eS I n a I Za I O n Extrude 1 (ext]) Face mesh generation: mm
Form Union (fin) ; f
: Materials Free triangular x {
4[] Mesh 1 Size:
Pl Import 1 100 f
. . . . MNormal - [
= (Union operation unifies the " Delete Entities | o
. b T Free Triangular 1 Resolve narrow domain regions
mesh of the geometry object 5 Create Edges 1 _
. .. Delete Entities 2 v Information
together with the lungs and =N
'[ 8 D 1 Last build time: < 1 second z
| | Create Domains 0 -
creates one continuous mesh & import 2 Built with: COMSOL 6.1.0.357 (win64), May 23, 2023, Y‘\Lx _
&% Finalize 200
= Qperation Finalize checks the b & Results
i i Messages Progress Log Table s |
mesh compliance with FEM Dg
. K
requl rements [Miay 23, 2UZ3, 1U44 PIVI] MIESN Nas | domaln ana 2 DOUNGaries | 144y

[May 23, 2023, 10:44 PM] Mesh has 2 domains and 2 boundaries (1449«
[May 23, 2023, 10:49 PM] Imported mesh with 784 boundary elements -
[May 23, 2023, 10:49 PM] Mesh has 3 domains, 8 boundaries (15278 ele

1.3GB | 1.41GB
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OVERVIEW OF MESHING

View mesh statistics and generate mesh
plots as an aid in generating high-
quality meshes and documenting your
work.
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e | = ~ ' > e “ 0 sy - submarine_cable_07_geom_mesh_3d.mph - COMSOL Multiphysics

m Home Definitions Geometry Materials Physics Mesh Study Results Developer

& (1 B Volume B Slice 7 Line = Arrow Line 1% Image .‘. .‘. | Evaluate Along Normal| ] Cut Line Direction ", Second Poi
e o = Arrow Volume (¥ Isosurface Contour &l Mesh " Deformation » Selection » First Point for Cut Line % Cut Line Surface Normal 1] Cut Plane
of ot ore ore ;
In~ ™ Surface < Arrow Surface Streamline Annotation Plots~ ¥ Filter 5 Transparency Attributes ~ Second Point for Cut Line ., First Point for Cut Plane Normal “# Cut Plane !
~* Graphics

B - le Siv

Aodel Builder -y

“ % submarine_cable_07_geom_mesh_3c
b Global Definitions

4 @ Component 1 Label: Mesh 1
= Definitions
|| Geometry 1 v Data
% Materials
4 Mesh 1 Dataset:  From parent v |§
4] size o
b Free Triangular 1 v Title
M. d 1
C:;;):ace 1 Title type:  Automatic -
Free Triangular 2 S
Mapped 2
4 Copy Fac: 2 Level: Volume -
Mapped
I | Ott I I I t I I ‘ M eS | I Free Triangular 3 Element type:  All - ”
Mapped 4 ; \ R - X
Swept 1 ¥ Coloring and Style /‘/A ‘;0‘ :3‘
Convert 1 - = "Q‘Q gf," A
Copy Face 3 Element color: Quality v - / g A :‘4“
b | Free Tetrahedral 1 Quality measure: S =
4 §& Results

Datacets /! Color range [0,1]

Create h|gh_q ua||ty meshes by & Mesh 1 Color table: 8 ToafiicFlow 1

% Cut Plane 1

[N

W/ Color legend

. . % Cut Plane 2
d ete Ctl n g | OW_q u a | |ty e | e m e n tS b L Views Color table transformation: Nonlinear v
Derived Values V! Reverse color table
. . £ Tables i
and making appropriate W Mesh uaty, Voume Beme COOFCabationpscameter 0 |
A Mesh 1

[N

@ Mesh Quality, Poor Quality £l  * * * * * ¢ v e e "

adJ UStmentS. 4 A Mesh1 Color !atl)le type: . ' Cor'ui'nuous B B v

& Selection 1

Wireframe color: Black v
4 A Mesh2
s Selection 1 v Element Filter
A Mesh3
4 W Mesh Comparison, Source ar [/ Enable filter
B Surface 1 Criterion: Logical expression .
4 W surface?2
Deformation 1 Expression: z<Lsec/2-2*Nper*(Dcab+x+y) L4
Export
¥ Reports Shrink Elements Messages Progress Log Evaluation 3D
Inherit Style &

COMSOL Multiphysics 6.1.0.252

136GB|3.15GB
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Mesh Statistics

View the element quality
histogram and other statistics,
such as the minimum and
average element quality.

o = N ¢ i - 0 e wax_guard_acoustics.mph - COMSOL Multiphysics
Home Definitions Geometry Materials Physics M Study Results Developer
Ga 8 ) = Import y A " B i R HE EE
RAA | & 4 A [ AR B B 8 =K H
Build Mesh Add Sizing Free Swept Boundary Boundary Modify Copy Booleansand Cleanupand Create Delete Join
Mesh 1+ Mesh~ v  Tetrahedral - Layers v v Partitions ~ Repair »  Entities ~ Entities Entitie
Mesh Géneratc
Model Builder ~ & Statistics ~ & Graphics Mesh and Acoustic Velocity
- A B N x Q@ E by i [ ¢ - (e i A G-e

4 @ wax_guard_acousticsmph
b Global Definitions
4 @ Component 1
= Definitions
|| Geometry 1
% Materials
“ Thermoviscous Acoustics, Frequency Domain
& Thermoviscous Acoustics Model 1
%= Wall 1
& Initial Values 1
= Port1
= Port2
4 Mesh 1
&)l size
4 4 Boundary Layers 1
"% Boundary Layer Properties
|&] Swept 1
4 Study 1
£12 Parametric Sweep
Step 1: Frequency Domain
™. Solver Configurations
2, Job Configurations
4 § Results
&2 Full System T-matrix
% | Wax Guard T-matrix
4 Datasets
E Study 1/Solution 1
E Study 1/Parametric Solutions 1
A Mesh 1
- Views
Derived Values
Tables
@ Acoustic Pressure (ta)
M@ Acoustic Velocity (ta)
W Temperature Variation (ta)
@ Mesh
Full System Response
@ Mesh and Acoustic Velocity
% Slice 1
7 Line 1
A Mesh1
™) Surface 1
™) Surface 2
" Evaluation Group: Wax Guard, T-Matrix (real/i
& Export
# Reports

[N

é B;ald All

Geometric Entity Selection
Geometric entity level: Entire geometry v
=

Element Quality

Quality measure:  Skewness ¥

Statistics
Complete mesh
Mesh vertices: 10739
Element type: All elements v
Tetrahedra: 1775
Pyramids: 1373
Prisms: 9025
Hexahedra: 2442
Triangles: 3598
Quads: 1258

Edge elements: 741
Vertex elements: 100

Domain element statistics
Number of elements: 24615
Minimum element quality: 0.06033
Average element quality: 0.6443
Element volume ratio: 3438E-4

Mesh volume: 1953 mm?

Element Quality Histogram

Messages X Progress Log Evaluation Group: Wax Guard, T-Matrix (real/imag)

COMSOL Multiphysics 6.1.0.252

1.7GB|261GB
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Lungs Import:

Mesh Visualization
and Statistics

= Creating Mesh Plot to check
for elements quality and
visualization

= Statistical evaluation of Mesh
to quantify the overall mesh
quality

1O dH P Bl B Y & - Untitled.mph - COMSOL Multiphysics (Trial version) = O X
Home  Definitions Geometry Materials Physics Mesh  Study Results  Developer

A Application Builder =~ [l Component 1 -

7 Model Manager

<> Add Component ~

\ 2= Variables = 9 ~
|:.I ) >‘i\ 2®

A= & B

"1 Add Physics

Pararﬁeters Geometry Materials Mesh Study Results Layout
Woarkspace Mode Definitions Physics
Model Builder ¥ & Settings v % Graphics v
. ® Sl Elv = v Finalize Q Q@ &b |- T B =

4 & Untitled.mph (root)
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[May £3, 2UZ3, | U3 PIVI] MESN Nas 3 aomains (131932 elements), 8 Do
[May 23, 2023, 11:09 PM] Finalized mesh has 3 domains (151932 eleme
[May 23, 2023, 11:15 PM] Finalized mesh has 3 domains (149353 eleme
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