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OVERVIEW

d Research Problem: Acoustic Environment

O Use of COMSOL Multiphysics®
O Model Definition (M1- M5) -Computational methods

O Results (M1-M5)

d COMSOL Multiphysics ® : Support for next integrated
therapeutic tools

 Conclusions : Who should “play” COMSOL each day?
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Use Of COMSOL MUItiphySiscs® 20/4CAMBRIDGE

COMSOL Multiphysics®
ELECTRICAL MECHANICAL FLUID CHEMICAL MULTIPURPOSE INTERFACING
AC/DC Heat Transfer CFD Chemical Reaction Optimization LiveLink™ LiveLink™
Module Module Module Engineering Module Module for MATLAB® for Excel®
( )
RF Structural Mixer Batteries & Material — CAD Import ECAD Import
Module Mechanics Module Module Fuel Cells Module Library Module Module
e —
—————
Wave Optics Nonlinear Structural Microfluidics Electrodeposition Particle Tracing LiveLink™ LiveLink™
Module Materials Module Module Module Module for SolidWorks™ for AutoCAD™
\ J
MEMS Geomechanics Subsurface Flow Corrosion LiveLink™ LiveLink™
Module Module Module Module forinventor® for Pro/ENGINEER®
Plasma Fatigue Pipe Flow Electrochemistry LiveLink™ File Import
Module Module Module Module for Creo™ Parametric for CATIA" Vs
Semiconductor Multibody Dfrnamics Molecular Flow LiveLink™
Module Module Module forSolid Edge®

NNodule 2D Head Model
2D Body Model

2D/3D Opera Hall Model
3D Therapy Room Model
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Use of COMSOL Multiphysiscs® (cont.)

Acoustics Module

Product Features

| Acoustic-shell interaction

| Acoustic-solid interaction

®| Acoustic-structure interaction
®| Aeroacoustics

®| Compressible potential flow
¥ | Elastic waves

" Poroelastic waves
O Pressure acoustics
(O structural vibrations
" Thermoacoustics
® Thermal and viscous losses

B Piezoacoustics
" Piezoelectric devices
® Pipe acoustics

O Farield and directivity calculations
Impedance, hard-wall, and soft-wall boundaries
" Perfectly matched layers for modeling infinite domains

CONFERENCE
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CAD Import Module

Product Features

OF“E import of Parasolid®, ACIS®, STEP, IGES, Inventor®,
PTC® Creo Parametric™, and SolidWorks? file formats
Encapsulate geometries to model phenomena in the
surrounding domains

" Export geometry files to the Parasolid® and ACIS® file
formats

QC{mvert third-party file formats to the COMSOL
geometry kernel

ODetaching faces from a solid object to create a new solid

object
OCap holes or empty spaces to fill the space and create
modeling domains
" Patch removed faces by growing or shrinking the
surrounding surfaces to cover the removed face
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Model Definition (M1-M2)
MODEL req2)=10 Isosurface: Total acoustic pressure fild (Pa
PARAMETERS Opera Hall | Opera Hall + Body frea(®1=10 IsosurfaceTtal acoustc p f Id(:) v
£ ¥ A o001
Definitions Boundary System , Global Cartesian (Plane + Spatial) =its
(Opera Hall + Body) [
- - 11.3
Geometrv Imported- _Selected Do.mam (Qpera Hall, Body s
* Contour, Air/Surrounding Environment geometry) e
Materials Concrete, Wood, Muscle , Air (Appendix, Tablel) [
Pressure Acoustics 11
kz ‘)t 11
V-V - qy)- = =00 .
Pe Pe 108
pe=p+pp » - 1os
k2e 0= (C_) - ki 108
107
Cc=C, Pc=p
= 10.7
Sound Hard Boundary (Walls) I
-n-|- 1 - — f{ 106
n ( E(th qd )) 0 = 10.5
Acoustic-Structure Boundary1 (Body Contour) M
j{ 10.4
'n'(_[%(vpt_qd))='n'uﬁ : v?oi“
c
o-n= ptn freq(2)=10 Contour: Absolute pressure (Pa)
Extremely fine / Number of degrees of freedom " " " " " " " " " " " 400406
Mesh 750 ]
(DOF): 255944 ‘ 83483
7 | = | 0
STUDY 650 \w :z\ \ \\: \‘ T = §‘§§§Z
3 ) S N L =g = 0.0485
Pressure Acoustics 500 — . NS AT i gggé%
C1_[1-100]Hz 1 | 0'0a78
Frequency Domain A ] =0 i §§§%
C2 [100-16000]Hz w00 = 00173
Include geometric nonlinearity - | i L L o gggég
S l . - R 3 3 | 0.0466
C':)l‘l:":zm'ations COMSOL Multiphysics — Acoustic Meodule 00 :l:l:’ ﬂ: ‘ —’7 T ‘ §§§§§
3 = g — 046
o
. . 005
RESULTS 300 - §§§§§
2D Plot Group 2- Absolute Pressure 50 15T 1] 00410
- 0.0447
2D Plot Group 3 Sound Pressure level ’ = R W 0.044%
200 T 0.0443
3D Plot Group 4- Absolute Pressure | = 1  — Zééé;
Plot Groups 3D Plot Group 5 Sound Pressure level 10 1 Wass
2D Plot Group 6 — Mesh 100 ;Moo
3D PlOI Group 7 _ MeSh 100 200 300 400 500 600 700 800 900 1000 1100 ¥ 0.0433
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Model Definition (M3)

MODEL

PARAMETERS Body
Definitions B_oum?ary System , Frequency, Wave direction angle, Incident wave
direction vector
Imported- Selected Domain (Body Contour, Air/Surrounding
Geometry .
: Environment geometry)
Materials Muscle, Air (Appendix, Tablel)

Frequency Domain

Acoustic-Solid Interaction

KeaPt
V--HVp-qy) -~ =0
p pe

pe=p+py
2
_|w
G=(2)
-pu-V.o=Fg?
Sound Hard Boundary (Walls)
-n- (_L(th- qd))z 0
Pe
Acoustic-Structure Boundary1 (Body Contour)
-n -(—L(th- qd))z-n U
Pe
ag-n= P!n
Linear Elasticity (Body)
-fu-V-o =Feé?, o=s
5-So=C:(€-€- €inel)
=1 T
£= E[(VU) + Vu]
Plane Wave Radiation1(Walls)
1 ik I -
-n: [-=Vp, - ))+i— +L—4&p=0q
( AGIRT) MR p(ArP .
Incident Pressure Field (inwards)

-n-|-Lvp. - iKpt L _Ap=0

Pe
-k I 1
i =i=pi+ i+ n-=Vp
Qi p:P| Zkﬂ:ATpl r Pi
kg g k)

Pi= P ey

Mest Extremely fine
st Number of degrees of freedom (DOF): 154949-Upper Left source

STUDY

Frequency Domain

Acoustic-Solid Interaction [100-16000] Hz

Solver
Configurations

COMSOL Multiphysics — Acoustic Module

&
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Model Definition (M4)

freq(L)=10  Surface: Total acoustic press.re Felc (al
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MODEL Head

PARAMETERS et
Definitions Boundary System , Global Cartesian

Imported -Selected Domain (Brain, Fluid Buffer, Muscle,
Geometry . . .

: Skull, Air/Surrounding Environment geometry)

Materials Brain, Fluid Buffer, Skull, Muscle, Air (Appendix, Tablel)

Pressure Acoustics

KeqPe
y e
Ve VP Gg)- === O
< (4
Frequency
VRS pe=p+pp

Domain 2

2 =[] .

eq Ce z

Cc=C, Pc=p

Extremely fine Number of degrees of freedom (DOF):
Mesh 961765 (Al) -Frontal source

962861 (A2)- Upper Left source
STUDY

Frequency Domain

Pressure Acoustics

Al _[6-20]Hz

A2 [100-16000] Hz

Include geometric nonlinearity

Solver Configurations COMSOL Multiphysics — Acoustic Module

RESULTS
Acoustic Pressure (acsl)
Sound Pressure Level (acpr)
Plot Groups 2D Plot Group 3- Absolute Pressure

2D Plot Group 4 — Instantaneous local velocity
2D Plot Group 5 Sound Pressure Level
2D Plot Group 6 — Mesh
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Model Definition (M5)

MODEL Relaxing
PARAMETERS Therapy Room
Definitions Boundary System , Global Cartesian (Spatial) (Therapy Room + Body)
Geometrv I.n:xponed- Sellected ]?omain (Therapy Room, Body Contour,
* Air/Surrounding Environment geometry)
Materials Concrete, Wood, Muscle , Air (Appendix, Tablel)

Frequency Domain

Pressure Acoustics
KegPr

V.-Lvp -qy)- 2=
E(Ptqd) = Om

Pe=pP+py
2
— )
Go=e] -4

Cc=C, Pe=p
Sound Hard Boundary (Walls)

—n-(—i(th- qd))= 0
Pe
&-n=pn
Acoustic-Solid Interaction
B
<

Pe
Pe=p+py

2
_|@

(2
-wtu-V.o=Fe?
Linear Elasticity (Body)
~wtu-V.o =Fe?, c=s
5-So=C :(€- €~ Einel)

N T

€= E[(Vu) + Vu]
Spherical Wave Radiationl

-n-[-L(vp, - ik, +LP2.__rdm2  _,
n (’—’c(Vp‘ q“))+{'k“+rp‘ 20l + keqr) @

Qm

Mesh

Extremely fine / Number of degrees of freedom (DOF): 114864

STUDY

Frequency Domain

Pressure Acoustics

D1 [1-100]Hz
D2_[100-16000] Hz

Include geometric nonlinearity

Solver
Configurations

COMSOL Multiphysics — Acoustic Module

RESULTS

Plot Groups

Acoustic Pressure (acpr)

Sound Pressure Level (acpr)

Acoustic Pressure-Isosurfaces (acpr)

3D Plot Group 4 —Absolute Pressure-Isosurface
3D Plot Group 5 Local acceleration (spatial)
3D Plot Group 6 — Mesh

D,
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freq(©)=10000 Isosurface: Total acoustic pressure field (Pa)
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Results of COMSOL Multiphysiscs® use :
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2D Plane waves on Concert Hall

fregili=1 Hosorfacs: Tobal ocstic prassure fakd (Pa)
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» User controlled mesh

* Number of degrees of

freedom solved for

DOF 848439

wall

2e-4 m3/s

f=[10-16000] Hz

Flow dual point (acoustic sources) Qv
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Results of COMSOL Multiphysiscs® use :
2D Frontal Source Plane waves on Head
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* Physics controlled mesh
* Mesh extremely fine DOF 961765

Surface : Sound Pressure
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220

fragili=1 cortour: abselite prossurs (paj

level (dB)

AEE

20

an L= 0 1mn 120 1an 180 120 200 220 240 20 =0

Cohtour : Absolufe Pressure (Pé)

17-19, September, 2014 || E. Lacatus , et al.

Excerpt from the Proceedings of the 2014 COMSOL Conference in Cambridge

v













From Music to Non-Invasive Therapies via COMSOL Multiphysics ® Models

COMSOL

. . CONFERENCE
RESUltS Of COMSOL MU|t|phyS|SCS® use : 20/4CAMBRIDGE
2D Up -Left Source Plane waves on Head

260 B0 ¥ -57.892

wSuﬁacg ; Smour:d Fl’@res;urg Ie\:;el (dB:)

Contour : Absolute Pressure (Pa)

freq(12)=16000 Surface: Instantaneous local velocity (ms)

ooooo

Front Source: Instantaneous local Left Source: Instantaneous local
Pressure {@}ocity (m/s) Pressure velocity (m/s) &
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Results of COMSOL Multiphysiscs® use :
2D Up -Left Source Plane waves on Opera Hall

fragiLi=1 Certour: Abselube prassurs (Pal

L]

I
=
)

TN DS T

'ﬂ:l
|

i OPERA HALL 2D MODEL + BODY
Module: Pressure ACOUSTICS

e

Sound Pressure level (dB)

ERET A0S D 5T S 00 50

R AR E

Frequency Domain [1-16000] Hz
Mesh Extremely Fine; DOF 255944

| A

uuuuu

im0 -
OPERA HALL 2D MODEL + BODY - NI |
Module: Pressure ACOUSTICS -
Absolute Pressure (Pa) i EEERIN
Frequency Domain [1-16000] Hz -
Mesh Extremely Fine; DOF 255944 =
- L AL 4
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Results of COMSOL Multiphysiscs® use : Vibration Therapy

» Spherical waves propagation
* Free space reference power (RMS) : Prus=2e-6 W

frag 2pm it bnsurface: Totel aceustic prassuns fakd (Fa)

L

< L]
LA,
7

RS
LTS
[
7 L
L

Y

§
i

SN
AV

=
g

f""""":c

Monopole Point Source (armchair embedded)
f=[1-16000] Hz

* Physics controlled mesh

 Mesh extremely fine DOF 114864 @
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COMSOL Multiphysics ® :
Support for next integrated therapeutic tools — (Music = Acoustic Therapy)

freq(8)=1000  Contour: Absolute pressure (Pa)

A
M )

=

/;

VAN

]

\

Absolute Pressure (Pa)
(f=1000Hz)
[

Ao02211

‘ - :
/ @ i

N 0362
\ 0318

150

100

100 200 300 400 500 600 700

800 900 1000 1100 v 7.397x10°*

The best places from the Opera Hall are effective only up

to frequencies below 3 kHz

freq(8)=3000 Contour: Absolute pressure (Pa)

Absolute Pressure (Pa)
(f=3000Hz)
I [ 11

T

A 05035
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100

100 200 300 400 500 800 700
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Ireqlli-100 Surtace: Total acousti pressare he'd a)

02 <4 a8

(f=100Hz)

Contour Pressure (Pa)
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Hea1aLao Surface: Total acauste press.re 149 9]

Orchestra Conductor’s body would be acoustically impacted at
a higher level than the bodies from the audience, but all those
attending the event will be impacted by the dynamic-nonlinear

distribution of the acoustic field

Total Displacement (mm)
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Support for next integrated therapeutic tools -Safety Thresholds

A011)- 19000 Cortour; Absaluts pressur (Pal
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: d aas
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At the edge of physiological limits (6-10kHz)
very short exposure time to such stimuli
Limits may be reached during a concert, but
should not be the prevalent acoustic signal of
the environment

The entire body is exposed to environmental
acoustic stimuli!

Neither Music nor Vibration therapy should
exceed the [6-10] kHz upper limit band without
permanent physiological outcomes

Professional continuous environmental
Acoustic Stimuli within or above [6-10] kHz
should be carefully monitored and adequately
addressed (safety equipment)

Improper use of earphones for musical
audition may reach similar results with the
professional unsafely acoustic exposure
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Thank you!
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