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Background

Cleanroom in ASML MRI scanner from Philips Healthcare

To reduce low-mid frequency noises

Acoustic porous materials for shielding
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Acoustic porous materials

Good absorption performance

Light weighted: high porosity φ

Complex microstructure

SEM photo of an acoustic foam from Huntsman
(www.huntsman.com)

Objective

Build a multiscale model of acoustic
porous materials

Microscopic fluid-solid interaction

Macroscopic acoustic properties

Absorption mechanisms

Viscous losses: δ = O(10−4) m

Thermal losses

Helmholtz-type resonator

Mechanical damping

* Vortex shedding
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Homogenization - Scale separation

Scale separation principle

λ ≥ L∗M � R
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Homogenization - Scaling

B.C. (Macro-to-micro)

us
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ũs+
m = ũs−
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Homogenization - Linear result

Inputs and outputs 
(1− φ)f s
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Stress-strain relation{
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M = 4C s : ∇Mus
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φεfM = −Ψsf : ∇Mus
M − S f pfM
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Relation with Biot’s theory

Homogenization result[
(1− φ)f s
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Relation (ignoring the micro inertial effects)

ηs = (1− φ)I , ηf = φI and ρc= φρf0K
sf · (K f )−1
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Various models

Full homogenization{
(1− φ)∇M · σs

M =− ω2ρs0η
s · us

M + ω2ρc · (uf
M − us

M)

−φ∇MpfM =− ω2ρf0η
f · uf

M − ω2ρc · (uf
M − us

M)

and

{
(1− φ)σs

M = 4D : ∇Mus
M + Q∇M · uf

MI

−φpfM = Q∇M · us
M + R∇M · uf

M

Biot-Homogenization

ηs = (1− φ)I , ηf = φI and ρc= φρf0(φI−K f ) · (K f )−1

Biot-JCAL (Johnson-Champoux-Allard-Lafarge) + Perrot et al., 2012

ρfeff = φρf0α∞ +
φ2µf

jωq0
G (ω; Λ) and K f

eff = γP0/

[
γ − γ − 1

1 + F (ω; Λ′)

]
ρc = ρfeff − φρf0 , R =

φ2K s

(1− φ− Kb/K s + φK s/K f
eff)

and Q =

(
φ− R

K f
eff

)
K s
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Microscopic RVE

Cubic semi-open cell: 1mm

Hole: 0.5×0.5 mm2

Wall thickness: 50 µm

Porosity φ = 0.895

ρs0 [kg m−3] 1100

K s [GPa] 0.22

G s [GPa] 0.083

C s [J kg−1 K−1] 1800

ks [W m−1 K−1] 0.022

Solid domain Fluid domain
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Microscopic RVE - effective properties
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Conclusions

the fluid properties qualitatively agree with the JCAL model

|ρfeff |H = |ρfeff |B > |ρfeff |J and |ρseff |H > |ρseff |B ≈ |ρseff |J
the micro inertial effects could be significant

R - effect of ∇M · uf
M Q - effect of ∇M · us

M

ρfeff = ηf ρf0 + ρc ρseff = ηsρs0 + ρc
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Macroscopic simulation

Macroscopic sound absorption test (100 - 5000 Hz, stepsize 10 Hz)
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Air: Helmholtz equation (sound speed 343 m/s)
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Homogenization vs. Biot’s theory

Remark

|ρfeff |H = |ρfeff |B =⇒ the results are very close.

|ρseff |H ≥ |ρseff |B =⇒ the resonance frequencies are different.
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Thank you!
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