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Near Field Sound Measurement of F-22

Ì Introduction

Ì Near-Field Acoustic Holography Approach

Ì System Design

Ì Measurement Layout

Ì Measurement Results

Ì Summary
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Objective
ÌProblem:  

Í Military jet aircraft generate high levels of noise

Í Innovative measurement and analysis methods are required for jet noise 
characterization

ÌObjective:  Develop measurement system to characterize jet noise 
Í Predict ground maintenance personnel noise exposure

Í Model refinement and benchmarking

Í Evaluate performance of noise control devices

ÌProposed:  Near Field Acoustic Holography (NAH) system
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Jet Noise Radiation Characteristics

ÌBroadband

ÌNon-compact 

ÌPartially-spatially correlated

ÌDescribed as a sum of wave functions
ÍSome wave numbers radiate to the far field

Í While others decay away exponentially (evanescent waves).
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Acoustical Inverse Methods

ÌBeamforming

ÌThe acoustic telescope

ÌThe acoustic mirror

ÌThe polar correlation technique

ÌThese methods typically assume a source distribution 

of uncorrelated monopoles, and are performed in the 

far field.  This can lead to significant errors. 
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Near-Field Acoustical Holography (NAH)

ÌWhy NAH?

ÍNo assumptions about source correlation

ÅMore accurate at low frequencies

ÍNear-field measurement

ÅMore evanescent waves are captured

ÅHigher resolution

ÅProvides more information about the noise source characteristics

ÌNAH Theory

ÍA two-dimensional ñhologram" measurement may be used to 

reconstruct the sound field in a three-dimensional volume
ÅSpatial distribution of the jet noise sources

ÅMagnitude, directivity, and spectral content, velocity
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Jet Noise Characterization Process via NAH

Near-field measurements:

1. Patch-and-scan hologram

2. Reference microphones

Partial field decomposition:

Virtual coherence

Select number of partial fields 
to keep.

Partial field sound source 
reconstruction:

NAH
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Approach:  Patch and Scan

Ì Methodology 

Í Array extends over a ópatchô of the source field 

Í Array is moved parallel to the plumeôs shear layer

Í Capturing the entire hologram surface in a number of scans

Í Stationary reference microphones are required

Ì Pro:  Decreases the number of microphones 

Ì Con:  Increases engine run-times Test Script

Idle ï30 sec

Intermediate ï30 sec

Military ï30 sec

Afterburner ï30 sec

Idle ï210 sec 

(cool down period, reposition 

NAH array and repeat script)

~ 1 hr Per Full RunPatch and Scan Movie

NAH_Movement_Series_1_Duraction_2sec.wmv
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Approach: Reference Microphones

ÌCoherent Source
Í Only one reference microphone is required

ÌJet Source
Í Multiple uncorrelated sub-sources

Í Finite correlation lengths exist because of turbulence

Í Multiple reference microphones are required to 
ÅNormalize multiple scans of non-stationary source

ÅDecompose the pressure field into mutually incoherent partial fields

ÌNumber of Reference Microphones
Í One reference microphone for each uncorrelated sub-source

Í Challenge is determining the number and location of the reference microphones 
before the test

Í Post measurement
ÅRelative magnitude of the singular values

ÅVirtual coherence function approaches 1 for all the measurement points
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Approach: Virtual Coherence

Ì Measurements are made using a patch and scan 
methodology
Í Source level variation between scans

Ì Holographic projection of the sound is performed 
using the Helmholtz equation
Í Required sound field to be fully coherent

Ì A single value decomposition is used to decompose 
the sound field into coherent partial fields that are 
mutually incoherent (orthogonal)

Ì NAH projects the partial fields onto desired surface

Ì Individual projected fields are added together on an 
intensity basis since they are mutually uncorrelated
Í Entire field reconstructed
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Design: NAH Jet Noise Array Overview

ÌDesign Requirements
Í Characterize entire jet noise source

Í Use less than 150 microphones

Í Minimize setup time - simplicity in design 

Í High channel count system that can 
measure 
ÅLevels up to 170 dB, 5 Hz to 30 kHz 

Ì2D Microphone Array
Í Three separate panels
ÅSmaller package 

Å32-channel breakout box per panel

Å30 microphone / 2 other sensors per 
panel

Í Individual array modules can be shipped 
assembled to minimize setup time Conceptual Image 

of the NAH Test Rig
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Design: NAH Array Configurations

ÌNAH Measurement System
Í2-dimensional microphone array
Å90 microphones, 6 in. spacing

ÅCenter height of array adjustable between 
2 ft to 6 ft 

ÍReference Microphones
Å50 microphones

ÌHorizontal and Vertical 
Configuration
ÍHorizontal - minimize time to measure 

the length of the plume

ÍVertical - detailed simultaneous 
collected vertical profiles, effects of the 
ground plane 

Vertical Configuration

Horizontal Configuration
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Design: Structural Response

ÌTest Rig Design
ÍEnsure rig is not acoustically receptive

ÍStructural resonances are not excited by the sound field

Modal Analysis

Placement of the 90 

microphones stiffened 

structure significantly

Addition supports were 

added later to minimize 

potential of flexing
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Design: Instrumentation

ÌMicrophones / Preamplifier 
Í ¼ inch G.R.A.S. 40BE free-field microphone

Í G.R.A.S 26CB preamplifier

Í Frequency response of 4 Hz ï100 kHz ± 3 dB

Í Nominal sensitivity of 1 mV/Pa ï173 dB 

Í Preamp housing necks from ¼ in. to ½ in. female BNC
ÅMinimize cable connections

ÅExtend microphone away from measurement array

ÌData Acquisition 
Í National Instruments PXI platform

Í Sixteen 24-bit analog inputs per module

Í Simultaneous sampling rate of up to 204.8 kS/s

Í 4 mAICP power supply

Í Four 250 GB hard drives 
Å150+ channels at 96 kHz for 30 sec > 1.7 GB

ÅNon-proprietary binary format

G.R.A.S. 40BE/G.R.A.S. 26CB

NI PXI-4496

NI PXI Chassis

Mil Spec Shipping Case


