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Acoustic Monopole

Sound pressure a distance r from the point source:

v

Free field (no reflections)

r

This is similar to a plane wave, but for spherical waves the sound pressure
amplitude decreases with distance from the source of sound.

.
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Acoustic Monopole

Sound Pressure Derivation of Q
A ou(r,t) B dp(r,t)
p(r, t) = — el (@t=kr) POt~ T ar
r
u,.(r,t) = —l op(r, t) dt
Volume Velocity poJ 07
_ A (2L RN k)
_ 4TA u(r,t) = p0f<r2 +— )e dt
ipck
JP A 1) .
u(r,t) = — (1 +—> el (@t=kr)
e PoCT jkr
A 1 .
— 1 2 4 _— Y\ _,—jkr
Y 7l~l—r>r(1) dmr PoCT <1 +jkr>e
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Acoustic Monopole
Sound Intensity
A%

1
I = =R N =

Sound Power
AZ

W = I.(r)4nr? = 2n ——
PoC

N S =4nr?
vAg :
r /

Imaginary sphere enclosing source
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Panel Contribution Analysis

: p
Transfer Functlon%‘

Discretized form of Helmholtz Integral Equation
N
p= (S (TF)))
i=1

Transfer Function

p
TF); = —
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A Simple Acoustic Monopole

—  Whiffleball

A Short Throat

Flow Injection
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A Simple Acoustic Monopole
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Acoustic Monopole Directivity

10 T T T
= |SO 140-4 tolerance | ‘
—— IS0 3382 tolerance / |
5 ] /
Deviation 4/ ‘ .
a | | | | ‘ | : |
E | | | : : |
foo— 7~ ;
] ‘ 1 ‘ 1 | ‘ e—T—— : ~ -
Q | | | | | | &)
g | | | \\ ; : : n— " T A N e=
N \\\ 1 |
-10 - ! ! L ‘ l |
100 1000 10000
Frequency (Hz)

» Distance from the source to the microphone is 1.5 m,

 Deviation is obtained by averaged over “gliding” 30° arc,

» Reference value is 360° energetic average.
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Acoustic Monopole Directivity
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Scaling Rules - Assumptions

« Assume that the gas is air in both full-scale case and
scale model.

* Assume panel is constructed out of the same material as
full-scale case.

» Assume panel transmission loss is solely dependent on
the panel mass.

* Ignore panel mode effects (at low frequencies).

"
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Scaling Rules

Acoustic Scaling

Yivr =1

Sound Absorption Scaling

VYo s =1

Panel TL Scaling

L Length

f Frequency

o Flow Resistivity
h Panel Thickness

YnYr =1
YYD+ =
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Example Lined Expansion Chamber

0.03 in steel panel 1/2 in polycarbonate plastic
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Example Lined Expansion Chamber

| Full-Scale R

— | 0.76 mm steel panel |

i
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6.4 cm thick sound
absorption on 3 sides
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1.3 cm polycarbonate plastic

Vibro-Acoustics Consortium 17 é‘%‘%



Example Lined Expansion Chamber
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Example Lined Expansion Chamber
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Example Lined Expansion Chamber
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Verheij, 1997

Mechanical-Mechanical Reciprocity

F, | V)
v &

UV, Vg

F, F
Vi |F2
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Verheij, 1997

Acoustic-Acoustic Reciprocity

P2 _P1
Q1 @
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Fahy, 1995

Mechanical-Acoustic Reciprocity

Direct Reciprocal
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Test Case Motorcycle Engine

Engine Primary Housing Transmission Housing
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Step 1 Source Discretization

Primary Housing
Transmission Housing
Exhaust
Others
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Step 1 Source Discretization

— Engine
— Primary Housing
Transmission Housing
Exhaust

— Others
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Step 1 Source Discretization

Engine

Primary Housing
Transmission Housing
Exhaust

Others
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Step 2 Measure Transfer Functions

Point Source

4 .
TF; =—  Where =———e
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Step 2 Measure Transfer Functions

Mechanical-Acoustic Reciprocity

_ D

TF,
o

Hemi-Anechoic chamber

@ Target (driver’s ear)

- Exhaust
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Step 3 Determine Volume Velocity

Vibrating Surface

« Correlated monopoles (maintains phase)
Qi =vi-S;

» Uncorrelated monopoles (ignore phase)

2TTC

Qi = 'Si)m
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Step 4 Predict Sound Pressure Level

Sound pressure at microphone position can be determined by:

» Correlated monopoles

p=)TF-Q
[
* Uncorrelated monopoles

p = ZlTFil - 1Q;l
i
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Sound Pressure Level Driver’s Ear

Engine Idle (1050 RPM)

10 dB

B Measurement

B Uncorrelated
B Correlated

Sound Pressure Level (dB)

160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150
Frequency (Hz)
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Contribution to Sound Pressure Driver’'s Ear

Engine Idle (1050 RPM)

m Total

B Engine I 10dB
B Primary Housing

B Transmission Housing
O Exhaust

Sound Pressure Level (dB)

160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150
Frequency (Hz)
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Test Case HVAC Noise in Bakery

Original Full Model 1/10 Scale Model

All the walls, floors and ceilings are
considered rigid.
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Patch Contribution Analysis

>

Reciprocal transfer function

N %
p = Z( u, 0S){(TF);)
i=1 ;_‘

Measured while running
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Transfer Functions on Scale Model

2
T _ <i> wih s _ 1
f v

Point source located at target position
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Step 1 Source Discretization

~80 Patches

40
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Step 2 Measure Transfer Functions

Full Scale Measurement 1/10th Scale Measurement
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Step 3 Determine Volume Velocity

42
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Step 4 Predict Sound Pressure Level

AC Unit
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Step 4 Predict Sound Pressure Level

p = Z|TFi| an
i
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The uncorrelated monopole assumption is used during the prediction.
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Treatment Barrier

Full model of barrier Scale model of barrier
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Treatment Sound Absorption

Scale model’s cut-off frequency via
impedance tube measurement

A\

Full model of foam Scale model of foam 1 ULl
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Sound Absorption Coefficient
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model on flow resistivity
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Treatment Configurations

Barriers

Barriers + Foam (7.8 sgm)

Full
model

Foam (11.1 sqm)

Scale
model
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Treatments SPL Prediction

Barriers Foam (11.1 sgm)
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Treatments Overall SPL Prediction
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Suggested Modification

Add barrier height (including absorptive backing).

Barriers + Foam (9 > sqm) + Additional Barrier (including absorption back)
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Suggested Modification
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Future Directions

* Interest in investigating panel contribution analysis of
transient sources.

» Use of additive manufacturing for creating scale models.

* Investigate methods to speed up the processing.
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