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Introduction

= Topology optimization has its origin in structural mechanics:

Size opt. |:>

“Topology Optimization - Theory, Methods And Applications”, M.P. Bendsae and 0. Sigmund, Springer
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Introduction

= Acoustic topology optimization has also been investigated in
recent years:

“Acoustic design by topology optimization”, Diiring et al., JSV 317 (2008) pp 857-575
“How to Use Acoustic Topology Optimization in Your Simulations Studies”, René Christensen, COMSOL blog
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Introduction

= We wish to establish a method for doing topology optimization
in acoustic tubing systems with thermaviscous effects
included

TopOpt

—>

Design domain
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Theory

=  Thermoviscous acoustics topology optimization

Tupﬂpt

D
7

The topoloay optimized cross-section

L must be able to resolve the viscous

and thermal dissipation in boundary
layers

Radius
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Theory

Full Linearized Navier-Stokes Model

4
iwp07—<§u+n>|7-(\7-9)+ W x (Vxv)+Vp=0
iwpoCpT — KAT —iwp = 0

V-V—iu)—+iu)£=0
Ty Po
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Theory

=  |ow Reduced Frequency Model

Po
Y, +ky2A4qY, =1 P=7
R -Q_cdfﬂcd vadﬂcd
W + k% AqWn = 1 K = Ko
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Theory

=  |ow Reduced Frequency Model

l[—’v + k;zACdlpV == 1

Po
1 Y, dQ
-Q_cdfﬂcd viibed

p:

lPh + kHZAqu}h == 1

Transmission line parameters:

v

K
K = 0

1
y—( - 1)Q—Cdfﬂcd PhdQeq

!

Z' =R +iwl' =iwp/Qcq

Y =G +iwC = iwQq/K
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Implementation

=  Topology optimization scheme

ll—’v + k;zACdlpV == 1

Y, + khZAcd‘Ph

min: O (3, ‘Pv, Ph)

0<eixy)<1 V&Y E Qg

S.t.
Edﬂcd < Bﬂcd

Qcq
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Implementation

=  Topology optimization scheme

ay(§)Wy + kngcquv =£,(%)
ay (&) and £, () are interpolated
via e.g. SIMP or RAMP

ap (§)Wh + Ky AcaWh = £ (§)

3

=1
Ny

)

Q

mgn: CD(E: l'IJVI l'IJh)

0<eixy)<1 V&Y E Qg

Edﬂcd < Bﬂcd
Qcq
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Application

=  Hearing aids tube

_ 0.8
i
max: ® =R(R') = wpyR 0.6
fﬂcd(z) W, dQcq 0.4
0.2
0<g<1
s.t.: Ed‘QCd /.ch < B
fled 0.8
So¥o = fo
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Conclusion

*  Anacoustic topology optimization scheme was proposed which includes thermal
and viscous dissipation

= The optimization scheme assumes constant cross-section geometries

= The scheme was implemented entirely in COMSOL Multiphysics using the
Uptimization and the ADFinterfaces, both found in the Mathematics module

= The technique provides insight into finding optimized geometries for different
vibro-acoustic objective functions, with patents pending
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