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Why numerical simulations?

* You can solve your equation analytically in
an infinite medium / on the unit square,
circle, etc...
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Why numerical simulations?

 But what about here?

U(x,y,zt) =1don’t know!
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Why COMSOL?

Pressure Acoustics
Poroacoustics (equivalent porous models)
Poroeleastic Waves

Your own arbitrary equation

— Specify anything in terms of anything

— Visualize anything, extract arbitrary results
— Nonlocal model couplings
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Pressure Acoustics

o Acoustic wave equation valid for non-
viscous fluids, solving for acoustic

ressure i
P P ?-I—}(?pt—qd:] - '::Ft = Qm

Pe=P+ P
'IIE
@2 =(ﬂi

= e,

» Use different definitions of p_, c, to
represent porous media
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Example: Delany-Bazley-Miki
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Other poroacoustics models

Zwikker-Kosten
Attenborough

Wilson
Johnson-Champoux-Allarc
Johnson-Champoux-Allard-Lafarge
Johnson-Champoux-Allard-Pride-Lafarge
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Poroacoustics Iin the GUI
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Results
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Results
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Poroelastic Waves

Solve both for deformations in solid phase
and pressure In fluid phase

Higher memory consumption
Longer simulation time

More material parameters needed
But highly accurate results!
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Poroelastic Waves

Precise modeling of acoustics in
porous materials

Predefined multiphysics couplings:

— Acoustic-Porous Boundary for coupling
porous matrix displacement and pressure
of saturating fluid to pressure in fluid.

— Porous-Structure Boundary for coupling
porous matrix displacement to solids

Based on Biot theory

— Fast and slow compressional waves
— Shear waves

m’/ﬂ_m i

Acoustics of a Particulate-Filter-Like
System model from the Model
Library. Pressure distribution at f =
1700 Hz

W COMSOL



Poroelastic Waves Equation

 Material parameters:

— Drained bulk modulus ( =
— Drained shear modulu ot B
Pav=pPd+ €pPf, Pc= t.p +— W= M

— Drained density PN
— DOrosity [—‘=%[(?U_:IT+ Vu

w'u-V.s= FW"I+ }‘?’p

c

2

— Dermeablllty V. -L('C"'p- mzpfu] - k::p =w?agV-u
— Biot-Willis coefficient . -2

M,

<

ag- €,
1-a
K ( B)

1
Pes E= EpXft

— Tortuosity factor
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Your Own Equations

o Set up arbitrary systems of PDEsS

 Use COMSOL’s geometry, mesh,
solvers;_dz_u+ N

T d,¥+?-i-cvu-uu+rl+ﬁ-?u +au=f

u =[ul, w2, i3]

d d 0o
V=[—m——
Idx'dy'dz]

* Find others’ work at
www.comsol.com/papers
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More Acoustics iIn COMSOL

e Electroacoustics
— Speakers

SPL in and outside a
vented loudspeaker
cabinet.
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More Acoustics iIn COMSOL

 Electroacoustics
— Speakers / -
— Microphones g

Bruel and Kjeer type 4134
condenser microphone. Model
courtesy: Bruel and Kjeer.
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More Acoustics iIn COMSOL

e Electroacoustics
— Speakers

T —

— Microphones K

— Transducers \)
_ ‘\

Tonpilz Piezoelectric
transducer
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More Acoustics iIn COMSOL

e Electroacoustics
— Speakers
— Microphones
— Transducers

e Geometrical acoustics

Acoustic diffusion inside a
two story single-family home
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More Acoustics iIn COMSOL

e Electroacoustics
— Speakers
— Microphones
— Transducers

e Geometrical acoustics
e Aeroacoustics

Noise emitted from a jet
engine

W COMSOL



More Acoustics iIn COMSOL

Electroacoustics
— Speakers

— Microphones

— Transducers

Geometrical acoustics

Condenser microphone

Aeroacoustics —
Thermoacoustics
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More Acoustics iIn COMSOL

Electroacoustics
— Speakers

— Microphones

— Transducers

Geometrical acoustics
Aeroacoustics

Thermoacoustics -rohe Tube Microphone, modec
Pipe Acoustics R
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Contact and Web Info

WWWwW.comsol.com
— Product Info

— News =2
— User Community Forum Verify and Optimize your designs
i with COMSOL Multiphysics
— Models _
EXPLORE THE PRODULT SUITE
Email:

iInfo@comsol.com

Support:
support@comsol.com

Phone see:
http://www.comsol.com/contact/offices/
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