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NASA HuLC 2026 Problem Statement: 
Noise Suppression and Control 
Å NASA Identifies fans and other ECLSS (Environment Control 

and Life Support Systems) as sources of loud pervasive 
background noises in current spacecrafts.

ü Future long duration missions require improved concepts to:
Å Reduce noise generated by the ECLSS
Å Isolate equipment noise from crew spaces
Å Manage acoustic propagation within confined spaces
Å Improve crew long-term health, communication, mission 

performance

Å ¢ƘŜ IǳƳŀƴ [ŀƴŘƛƴƎ {ȅǎǘŜƳ ƛǎ ǇŀǊǘ ƻŦ b!{!Ωǎ !ǊǘŜƳƛǎ 
architecture for transporting crews to and from the lunar 
surface.

Å As missions progress toward longer lunar stays and eventual 
Mars exploration, acoustic control becomes a habitability 
and human-performance requirement rather than a 
comfort consideration.
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NASA Acoustic Limits and Expected Spacecraft Noise Sources

Å Continuous Sources
Å ventilation and circulation fans
Å pumps and fluid-flow systems
Å air-handling and ventilation ducts
Å avionics cooling equipment
Å compressors and rotating machinery

Å Noise Mechanisms
Å blade-passing and motor tones
Å turbulent airflow
Å pump and water-flow noise
Å duct-borne propagation
Å structure-borne vibration
Å equipment harmonics and narrow-band tones

Å Operational Evidence
Å NASA identifies ECLSS fans and airflow, together with 

thermal-control pumps and water flow, as primary 
persistent noise sources aboard the International Space 
Station.
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Source: SpaceX, To the Moon and Beyond, 2025.



Literature Review and Existing Noise-Control Solutions
Å Source-Level Control

Å quieter fan and pump design
Å reduced rotational speed
Å improved blade and motor design

Å vibration isolation mounts

Å Path and Receiver Control

Å duct silencers and mufflers
Å acoustic enclosures
Å absorptive blankets and foam

Å Emerging Acoustic Metamaterials
Å Helmholtz-resonator arrays

Å microperforated panels
Å labyrinthine and coiled channels
Å membrane and locally resonant structures

Å multiresonant layered absorbers
Å ventilated acoustic metamaterials

9



Design Priorities
Å Testable through COMSOL and impedance tube 

methods

Å Design should be passive with no added power 

demand.

Å Compact size and low added mass

Å Frequency-targeted acoustic response.

Å Scalable and modular for future spacecraft 
applications.

Å Our primary goal is to investigate the 
underlying physics of acoustic wave 
propagation, attenuation, absorption, and 

transmission through composite, multilayer, 
and multimodal material systems and 
geometries.

Å This investigation can establish the basis for a 
passive, multimodal, broadband acoustic unit 

cell and its subsequent development into a 
scalable acoustic metamaterial.
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Proposed Solution ς Acoustic Metamaterial Architecture

Å Functional Architecture

Å Microperforated Surface Layer - 
Introduces viscous losses and improves 

broadband acoustic dissipation
Å Multiresonant Cavity Layer ς 
Å Uses independently tuned resonant cavities to 

target dominant ECLSS frequency bands.
Å Compliant Damping Layers-

Reduce structural vibration transmission and 

dissipate mechanical energy.
Å Rigid Backing Layer-

Seals the resonant cavities and provides 

structural support.
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Target Frequency Focus

ω Lƴƛǘƛŀƭ ǇǊƻƧŜŎǘ ǇǊƻǇƻǎŀƭ ŎƻƴǎƛŘŜǊŜŘ мнрΣ нрлΣ рллΣ ŀƴŘ мллл IȊΦ

ω /ǳǊǊŜƴǘ ǇǊƻƻŦ-of-concept focuses on 500 Hz.

ω рлл IȊ ǿŀǎ ǎŜƭŜŎǘŜŘ ŦƻǊ ŦŀōǊƛŎŀǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎ practicability.

ω [ƻǿŜǊ ŦǊŜǉǳŜƴŎƛŜǎ ƴŜŜŘ ƭŀǊƎŜǊ ǊŜǎƻƴŀǘƻǊ ǾƻƭǳƳŜǎΦ

ω CǳǘǳǊŜ ŘŜǎƛƎƴǎ Ŏŀƴ ǘŀǊƎŜǘ ŀŘŘƛǘƛƻƴŀƭ ŦǊŜǉǳŜƴŎȅ ōŀƴŘǎΦ
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Methodology / Test Path

ω wŜǎŜŀǊŎƘ ŀƴŘ ƛŘŜƴǘƛŦȅ ǇǊƻƳƛƴŜƴǘ 9/[{{-related frequency bands.

ω 5ŜǎƛƎƴ ǊŜǎƻƴŀǘƻǊ ƎŜƻƳŜǘǊȅΦ

ω {ƛƳǳƭŀǘŜ ŀŎƻǳǎǘƛŎ ǊŜǎǇƻƴǎŜ ƛƴ /ha{h[Φ

ω CŀōǊƛŎŀǘŜκǘŜǎǘ ǇǊƻǘƻǘȅǇŜ ǳǎƛƴƎ ƛƳǇŜŘŀƴŎŜ ǘǳōŜ ǎŜǘǳǇΦ

ω /ƻƳǇŀǊŜ ǎƛƳǳƭŀǘƛƻƴ ǘƻ ŜȄǇŜǊƛƳŜƴǘŀƭ ǊŜǎƻƴŀƴŎŜ ōŜƘŀǾƛƻǊΦ
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COMSOL Simulation: Impedance Tube Single 500 HZ Resonator
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COMSOL Simulation: Impedance Tube Two 500 HZ Resonators
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COMSOL Simulation: Results Comparison
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COMSOL Simulation: Results Comparison
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Impedance Tube Testing
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Impedance Tube

Data Processing



Impedance Test vs COMSOL Simulation: Absorption
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Impedance Test vs COMSOL Simulation: Reflection
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Impedance Test vs COMSOL Simulation: Impedance
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Impedance Test vs COMSOL Simulation: dB Difference
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COMSOL Simulation: Grazing Flow Test
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Grazing Flow Testing
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Grazing Flow Testing
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Grazing Flow Test : dB Difference
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Control (No Panel) Panel w/ MPP

Panel w/o MPP



Grazing Flow Test : Flow Impact
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Control (No Panel) Panel w/ MPP

Panel w/o MPP

MPP



Grazing Flow Test : Speaker Impact
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Control (No Panel) Panel w/ MPP

Panel w/o MPP

MPP



Grazing Flow Test : MPP w/ or w/o Comparison
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Panel w/o MPP


