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• Introduction 

• Model development

• Acoustic metamaterial ---- slow sound

• Agglomeration in metamaterial
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Introduction 
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Hydrodynamic Acoustic 

� Acoustic metamaterials
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D. Katoshevski, “Particle grouping, a new method for reducing emission of submicron particles from diesel engines,” 
Fuel 89: 2411-2416, 2010.
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Loud noise (>160 dB) Slow sound ---- agglomeration Cleaner exhaust

Small particles fliter
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Introduction 
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Acoustic particle velocity

Model Development
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Z. Zhe, M. Åbom, H. Bodén, M. Karlsson D. Katoshevski, “Particle Number Reduction in Automotive Exhausts Using 
Acoustic Metamaterials ,” SAE Engine, doi:10.4271/2017-01-0909.



50
1

=
−

=
−

=
ac

a

ac

a

V

cV

U

U
β

smVa /60=

)160(/8.6 dBsmVac =

)/(4000 smVcc a =+=

6
2017-09-11

Particle trajectory

Numerical Example ---- Normal Sound
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Particle trajectory

Numerical Example ---- Slow Sound
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Numerical Example ---- Slow Sound

Dp=60 nm

Dp=200 nm

Dp=2 µm

Dp=20 µm

Grouping

Non-grouping

pac DStU 11 ∝=α

CCGEx at the Royal Institute of Technology (KTH) • www.ccgex.kth.se



9
2017-09-11

Acoustic Metamaterial ---- Slow Sound
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• Artificially fabricated composite structures

• Slow sound in certain frequency ranges
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Acoustic Metamaterial ---- Measurement

Metamaterial prototype
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Acoustic Metamaterial ---- Measurement
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Agglomeration in Metamaterial 
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Agglomeration in Metamaterial 
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Conclusion 

• An acoustic approach to increase particle size and reduce particle number

• Acoustic metamaterial ---- slow sound

---- decaying wave

• Agglomeration in metamaterial (need experimental validation)
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Thank you for your attention!
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”Charging for the future”
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