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Multiphysics problem: Simultaneous interaction of multiple physical phenomena
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Mode conversion design for 
ACOUSTIC BLACK HOLE (ABH)
a passive wave-control mechanism in which flexural waves are 
gradually slowed and spatially localized by a smooth reduction of 
structural thickness

Noise and vibration 
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Mechanical wave (P- wave and S-wave)
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Mode conversion for acoustic black hole (ABH) 

It is a splendid idea to trap vibration. 
But does it really work?
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Mode conversion for acoustic black hole (ABH) 

It only works for transverse wave.
What happen to longitudinal wave? 
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Mode conversion for acoustic black hole (ABH) 

Journal of Sound and Vibration, Volume 476,2020,115316,



16
Mode conversion for acoustic black hole (ABH) 

Issues

- In practice, a finite residual thickness is unavoidable because of 
manufacturing and structural constraints, resulting in residual reflection 
at the tapered tip. 

-Moreover, because the taper mainly localizes vibrational energy rather 
than dissipating it, a damping layer is usually applied near the thin region

- It only works for flexural wave. How about the longitudinal wave?
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Mode conversion for acoustic black hole (ABH) 

by the ABH.trapped and dissipatedthat can be effectivelyA longitudinal-dominated wave is converted to a flexural-dominated wave
Rather than modifying the ABH itself, the incoming wave state is tailored upstream.Key idea

Shorter wavelength, strong localization
near the tip and dissipated by damping

Energy localization
and dissipation

efficient transmission of
flexural energy to ABH region

Forward flexural propagation

to transverse/flexural motion
axial motion is redirected

Mode conversion

particles mainly oscillate
in the axial direction

Axial-dominated motion

Undesired reflections
suppressed

L- , F-

unit cell for 
mode conversion+L

Flexural waveLongitudinal wave
Damping layer

Progressive wave slowing
and energy localization+F

& dissipationinto ABH tapermode conversion unitinput
(4) ABH trapping(3) Forward flexural wave(2) Topology-optimized(1) Longitudinal-dominated

ABH only works for transverse wave.
What happen to longitudinal wave? 
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Mode conversion for acoustic black hole (ABH) 

Helmholtz decomposition: 

  U ψ

Longitudinal wave Transverse wave
Helmholtz’s theorem is known as the fundamental theorem of 
vector calculus, which states that any sufficiently smooth, rapidly 
decaying vector field in three dimensions can be resolved into the 
sum of an irrotational (curl-free) vector field and a solenoidal 
(divergence-free) vector field
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Mode conversion for acoustic black hole (ABH) 

Helmholtz decomposition 

  U ψ

Longitudinal wave Transverse wave

Alec HelblingAlec Helbling 

https://www.linkedin.com/in/alechelbling?miniProfileUrn=urn%3Ali%3Afsd_profile%3AACoAACcsC5kBKK-p7m70m1sDvieKgdpQXoupjGM
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Mode conversion for acoustic black hole (ABH) 
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Mode conversion for acoustic black hole (ABH) 

Divergence

Curl

  U ψ
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Mode conversion for acoustic black hole (ABH) 

X-Displacement

Divergence Curl

Longitudinal wave

Y-Displacement
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Mode conversion for acoustic black hole (ABH) 

Mode conversion: from longitudinal 
wave to flexural wave

L(+): Longitudinal wave toward right
F(+): Flexural wave toward right
L(-): Longitudinal wave toward left
F(-): Flexural wave toward left



24
Mode conversion for acoustic black hole (ABH) 
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Mode conversion for acoustic black hole (ABH) 

Displacement X Displacement Y

Divergence Curl 
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Mode conversion for acoustic black hole (ABH) 

L(+): Longitudinal wave toward right
F(+): Flexural wave toward right
L(-): Longitudinal wave toward left
F(-): Flexural wave toward left
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HyperIncident
L-wave

Transmitte
d region

Unit 
cell

Numerical Example

• Certain voids can induce anisotropy in the metamaterials.
• Tunable mode conversion is achieved under different prestress states.

f  = 50 kHz

Medium A Medium A

Al

Case 1: Precompressed (λ1 = 0.9
5)

Post-processed (L-wave) Post-processed (T-wave)

Case 2: Prestretched (λ1 = 1.05)

Post-processed (L-wave) Post-processed (T-wave)
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• This research develops a new monolithic design approach for topology 
optimization for multiphysics problems (fluid, fluid-structure interaction, 
two-phase fluid, transient, particle suspended in fluid) and a new 
optimization method to utilize the ABH for longitudinal wave.

• In order to improve the performance of ABH for longitudinal wave, the 
Helmtholz decomposition of mechanical wave is studied and based on 
its decomposition, an optimization formulation considering the 
divergence and the curl of mechanical wave representing the 
longitudinal wave and the transverse wave, respectively, is propose. 

Conclusions
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