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Introduction

Porous granular materials have drawn

attention due to their good performance 1 20 mm GW 32x60 1 40 mm GW 32x60
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Introduction

20 mm glass bubble 20 mm glass bubble
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Light weight glass bubbles show complex behavior under different input
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Finite Difference Approach

Infroduce poro-elastic model (Biot, 1956): Air Layer

ox] [P QrexT r Tube Radius
gy P Qlley

o, P Q| e, m=2n=2 o|e| ® 5-point stencil
Ix|= N Vx °

Ty N Yy

T N Vs Axisymmetric

s+ 0 Q0 R1t e -

Particles

The granules contacting each other are
regarded as the “frame”

o|l® m=Mn=N+1
o O

m=M+1,n=N+1

The fluid phase can be described by the
corresponding rigid model

SIXY 9gNL %
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Finite Difference Approach

Jassen’'s model — Force deflection in cylindrical Hertzian contact — effective stiffness increases with
container and friction on container wall (Duran, the contact surface area (Fischer-Cripps, 1999)

2000, Springer) 1/3
E = E00

l Po AAo + Juy C odh = pgAdh

With Jassen’s model and Hertzian contact theory,

the stiffness of particle stack can be expressed as

a function of depth, which has been applied in

_Pg _p / —p previous studies, e.g., Matchett and Yanagida,

dh 7 =73 (1=e™™)+poe™ | 2003; Tsuruha et al., 2020

E=EO

g . . 1/3
?{1—6 )+p¢

B is the Jassen factor:
B=4uw/d

—2/3
— 352 +pie | (g et
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Finite Difference Approach

For activated carbon, three levels of pores are For glass bubbles, only the interstitial pores need
assumed to exist in the material: to be considered:

k, = —j62(1 —3C/x2)?

- (1= L)
ky = —j&i (1 ¢+ 2| X x¢ + tanh(x, (¢ — 1)) 1

—1 t
1 1-—
B, = < + P an>

where ¢ = (1-¢)3, and all other parameters
follow the definitions in the references.

o
»

Ref: Venegas and Umnova, 2016
Boutin and Geindreau, 2008
Boutin and Geindreau, 2010
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Finite Difference Approach

A

Uniform sound pressure

» /ero normal particle velocity

A

Symmetry

Pressure continuity <
Displacement continuity
Lero structural load

, Solid displacement (fixed/slip)
Zero normal fluid displacement

Symmetry <

Lero solid displacement
Zero normal fluid displacement
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Model Predictions

Slip boundary condition:

ou”*
p =0,u” =0
T r=R r=R
Fixed solid displacement:
u* =0,u” =0
r=R r=R

If the slip boundary condition is applied all along
the wall, the response will be purely 1D, which is
equivalent to an infinite layer.

If the fixed boundary condition is applied, the
response will be 2D.
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20-mme-thick glass bubble simulation
Varying stiffness achieved with 20 layers in
analyfical model (Dazel et al., 2013)
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Model Predictions

Mixed boundary condition:

du*
=0(m<my)
or
r=R
u* =0(m=my)
r=R

my is the row number before which slip boundary
condition is applied, and after which fixed
boundary condition is applied.
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Model Predictions

Activated carbon particles
speaker o=
B
mic 1 Particle size: ~0.6 mm ‘ g B Parficle size: 60 um
Bulk density: ~500 kg/mA3 & R Bulk density: ~120 kg/mA3
MIC 2 =

sample
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Model Predictions

20 mm glass bubble - 97 dB input 20 mm glass bubble - 107 dB input
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Model Predictions
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Model Predictions

With fully slip boundary condition (1D response assumption), the shift of resonance cannot be
captured with one set of parameters:

E, [Pa?/3] 3.0 x 10°
v 0.35
n 0.09
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Model Predictions

With fully fixed boundary condition, the activated carbon testing results can be reproduced with
one set of consistent parameters:

E, |Pa?/3] 2.1 x 10°
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Model Predictions

With fully fixed boundary condition, the activated carbon testing results can be reproduced with
one set of consistent parameters:
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Conclusions

The effect of different boundary conditions is studied with the proposed FD approach

A finite difference implementation of Biot theory is introduced, with consideration of cylindrical
geometry of the test apparatus and different boundary conditions

The response of granular materials is well matched by the simulation results of finite difference scheme

By adjusting boundary conditions of solid phase, the response of granular materials can be better
explained

Future works

With consideration of non-linear behavior, a more complete model is needed, and correspondingly so are
the boundary conditions
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