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Abstract. Achieving simultaneous low-frequency noise mitigation and efficient air ventilation in 

space-constrained environments remains a critical challenge.  This paper presents a novel sea 

anemone-inspired ultra-thin acoustic metamaterial barrier (25 mm) functioning as a practical dual-

functional component.  Mimicking a sea anemone's anatomy, the structure features a central 

ventilation channel surrounded by 12 sectorial space-coiling sound-absorbing modules. 

To break sub-wavelength physical limits, we introduce a tri-hybridization mechanism coupling a 

Micro-perforated Panel (MPP), Space-coiling Helmholtz Resonators (HRs), and an elastic membrane.  

The MPP provides broadband thermo-viscous dissipation, while the pure orthogonal HR channels 

ensure manufacturing precision.  A high-tension silicone membrane (200-500 N/m) establishes a 

deep acoustic-elastic coupled system, drastically reducing the equivalent acoustic stiffness and 

shifting resonances to extreme low frequencies.  A theoretical model based on the transfer matrix 

method is established, integrating a precise 3D acoustic mass calibration to eliminate pseudo-mass 

artifacts from internal corner-cutting effects.  Driven by a Time-Varying Acceleration Coefficients 

Particle Swarm Optimization (TVAC-PSO) algorithm, the 12-sector array is globally optimized.  

This synergistic modal hybridization successfully generates two highly efficient 

absorption/transmission-loss bands at 250-450 Hz, demonstrating exceptional potential for practical 

metro transportation systems and other scenarios requiring ventilation and noise reduction. 
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