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NASA HulC 2026 Problem Statement:
Noise Suppression and Control biop et

A NASA Identifies fans and other ECIE3Sifonment Control
and Life Support Systemss sources of loud pervasive
background noises in current spacecrafts.

U Future long duration missions require improved concepts to:
A Reduce noise generated by the ECLSS
A Isolate equipment noise from crew spaces
A Manage acoustic propagation within confined spaces
A Improve crew longerm health, communication, mission
performance
A ¢KS 1dzYly [FTYRAY3 {28a0SY Aa YA a

architecture for transporting crews to and from the lunar
surface.

A As missions progress toward longer lunar stays and eventual
Mars explorationacoustic control becomes a habitability
and humanperformance requirement rather than a
comfort consideration.
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NASA Acoustic Limits and Expected Spacecraft Noise Sources

A Continuous Sources
A ventilation and circulation fans
A pumps and fluidflow systems
A air-handling and ventilation ducts
A avionics cooling equipment
A compressors and rotating machinery

A Noise Mechanisms "
A bladepassing and motor tones 0 DN |
A turbulent airflow . %\ /'\
A pump and watesflow noise g™ \\\Rm @ 9"
A duct-borne propagation ; 0 %\E: /\ su
A structure-borne vibration LI \\\ T~ T /\._ 51
A equipment harmonics and narrodand tones : \\“\\\:: N
A Operational Evidence :3"m\ k: S
A NASA identifies ECLSS fans and airflow, together with S 20| g x: /\. 21

thermal-control pumps and water flow, as primary
persistent noise sources aboard the International Spac
Station.
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Literature Review and Existing Noise-Control Solutions

A SourceLevel Control Acoustic Noise Control Landscape

A quieter fan and pump design Existing technologies and emerging research relevant to spacecraft habitats,
A reduced rotational s pee d ECLSS equipment, ducts, and enclosed crewed environments

A improved blade and motor design
A vibration isolation mounts

Quieter Fan and
Pump Design

Vibration Isolation
Mounts

Microperforated
Panels (MPP)

Acoust il
N Noise ) ’;i’

l:cousgcrgla:‘ke'tss Existing Emerging A(:ous:ic
nd Foam Line Technologies Control

A Path and Receiver Control
A duct silencers and mufflers
A acoustic enclosures
A absorptive blankets and foam

Metamaterials

Research
A Emerging Acoustic Metamaterials
Helmholtzresonator arrays
microperforated panels

labyrinthine and coiled channels
membrane and locally resonant structure
multiresonantlayered absorbers
ventilated acoustic metamaterials

Labyrinthine /
Coiled Channels

Duct Silencers
and Mufflers

Membrane-Type
Resonators

Equipment
Enclosures

Operational Noise

Management Multiresonant

Layered Panels

To T T To Do Do
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Design Priorities

A
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Testable through COMSOL and impedance tt DeS : g n P”O rltles
methods Ranked Selection Criteria for Our Acoustic Panel Concept
Design should be passive with no added pow p- : N _ '
demand 1 E’ Testability Can be fabricated and verified in impedance-tube and grazing-flow testing

2 -II'IIII"-' Effectiveness Produces meaningful attenuation in the target ECLSS frequency range
Co mpaCt size and low added mass 3 C8:> Innovation Advances beyond conventional treatments with a defensible metamaterial concept
Frequencytargeted acoustic response. 4 & Mass Minimizes added spacecraft mass and thickness

5 @ Electricity Requires no continuous electrical power; passive operation preferred
Scalable and modular for future spacecraft .
applications 6 O Manufacturability | Can be produced repeatably with practical fabrication methods

7 {i/i Scalability Can grow from lab samples to duct, panel, and habitat-scale implementations
Our primary goal is to investigate the
und eprlying%r?ysics afcoustic 8vave 8 6 Cost Supports low-cost prototyping and iterative development

propagation, attenuation, absorption, and
transmissionthrough composite, multilayer, @ Primary emphasis: experimentally verifiable performance first, followed by acoustic effectiveness and innovation.
and multimodal material systems and
geometries.

This investigation can establish the basis for a
passive, multimodal, broadband acoustic unit
celland its subsequent development into a
scalable acoustic metamaterial




Proposed Solution - Acoustic Metamaterial Architecture

A Functional Architecture

A Microperforated Surface Layer
Introduces viscous losses and improves
broadband acoustic dissipation

A Multiresonant Cavity Layec

A Uses independently tuned resonant cavities to
target dominant ECLSS frequency bands.

A Compliant Damping Layers
Reduce structural vibration transmission and
dissipate mechanical energy.

A Rigid Backing Layer
Seals the resonant cavities and provides
structural support.

Acoustic Metamaterial Panel (AMP) Unit Cell Architecture

PETG Filament
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Target Frequency Focus
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Methodology / Test Path
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METHODOLOGY / TEST PATH

¢ * FROM RESEARCH TO FINAL COMPARISON o

2, © & O 0O @ O

IMPEDANCE
RESEARCH _> SOLUTION ..} SIMULATION & _' RESULTS _}
TESTING

Q) - T I — v
lll 0000 —
< "N

SOLUTION MADE GRAZING SOLUTION & FINAL
FOR DUCT PANEL b FLOW TESTING = TESTING RESULTS . COMPARISON

p—
—
g

« Literature review + Concept development * COMSOL impedance + Compare simulation + Scale design for  Grazing flow » Compare no-flow vs. » Compare all panel
. i simulations vs. experimental data duct integration (duct) testing grazing flow results configurations
« Acoustic challenges in * Acoustic metamaterial
lunar habitats panel design «» Impedance tube + Identify resonance « Build and assemble * Measure transmitted + Assess effectivensss + Determine best
o R aweas + Unit cell & resonator testing (no flow) behavior duct panel prototype sound under flow of fln‘al duct panel performing design
; configuration : . ) : solution o g
and requirements 9 « Validate absorption * Refine design * Ensure structural « Evaluate performance « Provide final
. ; & impedance arameters and sealing integrit in realistic conditions Confirm performance recommendation
« Define design goals Design parameters " E ORI ; s : ’ , e l
defined improvements
( O/ GOAL: Develop and validate an acoustic metamaterial panel o OUTCOME: A tested, validated, and optimized solution for quieter,
that reduces noise in lunar habitat duct systems. NN more comfortable lunar habitats.
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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

COMSOL Absorption Comparison
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COMSOL Reflection Magnitude Comparison
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COMSOL Simulation: Results Comparison

Normalized Surface Reactance
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Acoustic Metamaterial Panel (AMP) Unit Cell Architecture

-Resonator Cavities
PETG Filament /
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Impedance Test vs COMSOL Simulation: Absorption
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Impedance Test vs COMSOL Simulation: Reflection

Reflection Coefficient Magnitude: Sample vs Closed
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Impedance Test vs COMSOL Simulation: Impedance

Normalized Surface Impedance: Sample vs Closed
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mpedance Test vs COMSOL Simulation: dB Difference

Mic-to-Mic dB Difference
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COMSOL Simulation: Grazing Flow Test

Velocity magnitude (m/s) Pressure (Pa)
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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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Grazing Flow Test : Flow Impact
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Grazing Flow Test : Speaker Impact

Panel w/ MPP
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Control (No Panel)
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Grazing Flow Test : MPP w/ or w/o Comparison

Panel w/o MPP

TEXAS TECH
T s | 30

Biomedical Acoustics [Fgy
RESEARCH LAB (3




