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10.1. The source of sound

One important problem in the mechanical engineering noise control to determine the noise exposure in the
neighbourhood of a sound source. Other difficulties related to reduce the radiated sound power of the noise
sources. Preparing this work, some important knowledge will be summarised about the sound sources in the
next section.

Classifying sound sources based on physical mechanism of sound generation:

- Sound radiated by the vibration of solid body (e.g.: vibrating guitar string, loudspeaker membrane)
- Flow generated noise (e.g.: whistling telegraph wire, high speed free jet noise, flute sound)

- Thermal noise sources (e.g.: turbulent flame noise)

- Other sound source processes (e.g.: photo-acoustic effects, the noise of an electrostatic discharge)

Classifying sound sources based on geometric extent of the source:

- Point source: A sound source can take as point source when the characteristic size of the source in all three
direction of the space coordinates is much smaller, than the distance between the source and observation point.
(E.g.: MP3 player loudspeaker 0.5m far, electric locomotive 500m far.)

- Line source: A sound source can take as line source when the characteristic size of the source in two direction
of the space coordinates is much smaller, than the distance between the source and observation point. (E.g.:
overcrowded motorway.)

- Surface radiator: A sound source can take as surface radiator when, the characteristic size of the source in
one direction of the space coordinates is much smaller, than the distance between the source and observation
point. (E.g.: mobile gas turbine power station box surface 2m far, bubbling water surface in a wet cooling tower.)

- Volumetric radiator: A sound source can take as surface radiator when, the characteristic size of the source in
any direction of the space coordinates is comparable to the distance between the source and observation point.
(E.g.: turbulent flame close, multi floor open industrial plant (oil refinery plant).)

Classifying sound sources based on the mathematic model of the sources:

The acoustic monopole is a sphere that can concentrically inflate and deflate its volume (breathing ping pong
ball). The monopole creates sound by omnidirectional volumetric disturbances in the medium. Two monopole in
close vicinity moving in opposite phase creates a dipole, and two opposite phase dipole will create a quadrupole.
The four monopole placed along a straight line called longitudinal quadrupole, when the four monopole placed
on the corners of a square called lateral quadrupole. The most important acoustic data of the basic acoustic
source models are summarised in the following table.
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The most important acoustic data of the elementary acoustic source models

10.1. Simple sound source models, the point monopole:

One of the most frequently used type of sound source in the engineering noise control is the point source. In
acceptable distance every real size source can take as point source. The goal of the mathematic model is to
determine the sound pressure level in free field at given sound power level and distance from the point source.

Free field r Observation point
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Sound reflecting plain surface

Sound source
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The calculation of the sound field of a point source in free acoustic environment

The simplifications during the derivation are the same, applied in linear acoustics (the medium is a
homogeneous, inviscid and non heat conducting, continuum, isentropic elementary thermodynamic process, the
medium is in static rest, the amplitudes are small) and the environment of the source is a free field, the source
is an omnidirectional point source (point monopole).

- In a homogeneous, non-moving medium the sound ray are straight lines. In general case the sound ray is the

envelope curve of the sound speed vectors. For a point source the sound ray channel is a cone where the cross
sectional area will proportional with second power of the radius
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- The free acoustic field means, that the sound propagation will not be blocked with acoustically non-transparent
objects.

- Ininviscid, non heat conducting medium there is no losses during sound propagation.

- The omnidirectional criteria means, that in a given distance from the source the sound intensity is independent
form the direction.

- The wave fronts of a point source are concentric spherical surfaces. Far enough from the origin, in the close
vicinity of the observation point the wave can approximate as a plain wave, where the sound pressure and the
particle velocity are in phase. The intensity for free plain wave sound propagation,

[ = pgff
Pod

Based on a simple energetic phenomena, the relation between the sound power radiated by the source (P), the
intensity (1) and radiation area (A),

2
p=1a="9y
Poa

The radiation area (A) at (r) distance from the source is the surface of the sphere of radius (r). In practise the
radiation area usually is not the complete surface of the sphere, because free acoustic environment partly
bordered with reflecting sections. For example when a car traveling the on the road, made of concrete, the sound
rays starting from the car to the road surface, will reflect back, and continue their way to the rest free section.
Partly narrowing the totally free space will not limit the application of the original point source sound field model.
But we must take into consideration to narrow the propagation area will increase the intensity at the rest. To
narrow the area, free for sound propagation, and the connected increase of intensity will take into consideration
with a directivity coefficient (D),

A
sphere total
p = _spheretotal

Asphere real

The value of directivity coefficient (D), for totally free space is 1 (airplane after taking off), for half space is 2
(source placed on a sound reflecting plane surface), for a quarter space is 4 (source placed in an edge of two
perpendicular, plane sound reflecting surfaces) and for a one to eight space is 8 (source placed in a corner of
three perpendicular, plane sound reflecting surfaces). If the boarder surface is a sound absorber, the incident
sound ray will be absorbed, there is no increase of intensity, and the sound field in the free section will not be
effected. For example a porous soil surface with dense (thick) grass can take approximately as an absorber
surface. So the relation among the power (P), effective sound pressure (pes), distance from the source (r), and
directivity coefficient (D) is,

Amr?  phes 4mr?

P=1 =
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For practical calculation let’s turn to level notation. Both side of the expression divide with 10-'2-el (at right side
this is 400/(2-10-5)2), take the 10 base logarithm and multiple with 10,
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The term at left is the sound power level (Lw), at right first is the sound pressure level (L). In air, at technical
normal state (to= 20°C, po= 1bar) the product of the equilibrium density and the speed of sound, rounded to
integer, is 408 [kg/m2s], so the second term at right approximately negligible. The sound pressure level (L), at
(r) meter far from the sound source is,

L=1Ly,—10lgr?+10lgD — 11 [dB]
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Comments:

- In a free space, partly bordered with sound reflecting surfaces the sound pressure level (L) far from the point
source will depend on the sound power level radiated by the source (Lw), the distance between the source and
observation point (r) and the directivity coefficient (D).

- To double the sound power (e.g.: doubled the number of the same sound sources) will result 3dB sound
pressure level increase. Adding one more source to the same ten, the increase in sound pressure level will be
10Ig(11/10)= 0,4dB, which is slightly audible, and practically negligible.

- At constant sound power level, double the distance from the sound source will result 6dB decrease, and half
the distance will result 6dB increase in sound pressure level.

- In a sound field of a point source at increasing distance the main reason of the sound pressure level decrease
is that, the same power distributed on a bigger spherical surface, and not the dissipation.

- In engineering noise control one of the effective noise control method to keep a suitable distance between the
noise source and the protected area.

- To double the directivity coefficient (D) will result 3dB sound pressure level increase. If the boundaries are
sound absorbing surfaces, there is no change in sound pressure level.

- The formula derived above, can apply from 1...4 meter till 100...400 meter depending on the frequency. Very
close to the sound source the plane wave approximation will be problematic and the sound pressure and particle
velocity will not be in phase. Far from the source the sound attenuation caused by dissipative effects will spoil
the accuracy of the model. Most of the mechanical engineering noise control problems lay inside the application
are of the formula.

10.2. Simple sound source models, the line sources:

Point sources following each other in a close vicinity along an infinite long straight line will form line source.
Depending on the phase behaviour of the point sources, the line sources can share into coherent and incoherent
types. The purpose of the derivation is to determine the sound pressure level in a free field at given sound power
level and distance from the source. Except the source geometry, the simplifications applied in the model are the
same used at point source.

Coherent line source: A series of point sources, radiating the same frequency, amplitude and initial phase
along an infinite long straight line will form coherent line source. The coherent line source will create an axial
symmetric sound field, the wave surfaces will be concentric cylindrical surfaces.

The axial symmetric sound field around the coherent line source

The relation between the sound power per unit length radiated by the source (P’), distance (r), directivity
coefficient (D) and the intensity (1) in the sound field is,

Pl=1IA= Izm
D

Where (I) is length of the investigated section (source and sound field), and directivity coefficient (D) is,

Ac linder total
D=2

Acylinder real
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Far enough from the source, where the sound propagation can approximate as plane wave propagation, and
the sound pressure and the particle velocity are in phase, the relation among the power per unit length (P’),
effective sound pressure (pef), distance (r), and directivity coefficient (D) is,

b Peys 2mr
~ poa D

Change the formula to levels,
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In air, at technical normal state (where poa= 408 [kg/m?2s]), the sound pressure level (L), (r) meter far from the
coherent line source is,

Ly=1L"y —10lgr+10lgD — 8 [dB]

The coherent line source is a simple physical concept, mathematically easy to derive, but quite difficult to find
example, so its practical importance is limited.

Incoherent line source: A series of independent point sources, radiating different frequency, amplitude and
initial phase along an infinite long straight line will form incoherent line source. An over jammed motorway, a
long railway train or a pressurised steam pipeline after a throttling valve approximately can take as incoherent
line source. To derive the axial symmetric sound field of the incoherent line source we have to summarise the
elementary intensities in the observation point, radiating by the elementary long sections of the incoherent line
source. The elementary long line source section will create elementary spherical waves.

Infinite long incoherent line source

N

dl elementary long line source section

Free field

Independent source units

Elementary spherical wave Observation point

The elementary spherical wave and its effect in the observation point, created by the elementary section of the
incoherent line source (elementary independent point source)

The elementary long (dl) line source section radiates (P'dl) elementary sound power. The elementary sound
intensity (dl), created by the (P’dl) elementary sound power of the point like source in the observation point is,

/- P'Ddl
"~ 47R?

where,
RZ=712+1?

To reduce the number of variables let substitute radius (R) in the elementary intensity (dl) expression,
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Q= P'D dl
4w r2 42

To solve the differential equation let integral both side. To simplify the solution divide the numerator and
denominator in the second ratio at right with (r2), and suppose that the radiated sound power per unit length (P’)
and directivity coefficient (D) are constant along the line source,

1 0 l o
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Far enough from the source, the sound wave, passing the observation point, is a free plain wave, where the
sound pressure and the particle velocity are in phase. The relation among the power per unit length (P’), effective
sound pressure (peff), distance (r), and directivity coefficient (D) is,

ngf = P'_D
Poa 4r

Let's apply level notation,

!

Pery 400 P
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In technical normal state air (where poa= 408 [kg/m2s]), the sound pressure level (Lia), (r) meter far from the
incoherent line source is,

Lt = L'y —10lgr +101gD — 6 [dB]

Comments:

- Except the distance dependence, the comments summarised at the point sources, are valid for the line sources
too.

- For both of the line sources double the distance from the sound source will result 3dB decrease, and half the
distance will result 3dB increase in sound pressure level.

- Toincrease the distance between source and observer is not so efficient noise control method for line sources
than for point sources.

10.3. Test questions and solved problems

T.Q.1. Based on a simple energetic relation let derive the sound pressure level (L), at (r) meter far from a point
source, radiating sound power level (Lw) and placed in free field. What are the application limits of the formula?
Give example for point source!

T.Q.2. What is the difference between the coherent and incoherent line sources?

S.P.1. A radial flow fan transports air from the free space to a room. To increase the ventilated volume flow rate
the rotational speed of the fan was increased with 50%. Calculate the resultant sound pressure level change, in
free field at a fixed distance from the suction opening, if the other circumstances of the sound generation and
propagation do not change.

Solution: The dominant noise source mechanism of the ventilator is the fluctuating force acting on air particles
(creating the turbulent flow around the fan blade), which can take as a dipole (see the table). The 50% increase
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in the rotational speed means one and half time bigger characteristic speed of the flow. Based on the model law
of the dipole, and the formula of the sound pressure level distribution around a point source, the sound pressure
level change,

Except the sound power level (Lw), all variables remain constant,

2.6
Const.: pzl_23vz 6
PZ Pl PZ a2 1%
Ly, — Ly, = 1OIgP— - 1OlgP— = 1OIgP— = 10lg 28 10lg— =
° 0 ! Const. 22171 V1
a;
2 1,51,
60lg— = 60lg = 60lg1,5 = 10.6 [dB]
U1 U1

S.P.2. A point source operating in a free field that bounded with sound absorbing plane surface, is moved to a
corner (intersection of 3 sound reflecting perpendicular planes), during the distance from the sound source is
increased 4 times bigger and the radiated sound power is doubled. Calculate the resulted sound pressure level
change!

Solution:
10lg P,/P; — 20lg r, /1, + 10lg D, /D, = 10lg2 — 20lg4 + 10lg8 = 0 dB

S.P.3. Two neighbouring axial flow fan transport air from a room, placed on the ground level and in the middle
of a 320m long and 10 floor high concrete wall building, into the connected open air space. The observation
point placed 55m from the fans, is on the sound reflecting surface in front of the building. Between the fan and
the observation point there is a garage building, partly blocks the sound propagation. Determine the A-weighted
sound pressure level in the observation point. The sound power radiated by the fans outlet (P1octand P2oct), the
insertion loss (ALnoct) to characterise the sound propagation blockage and the relative levels of the A-weighting
curve (ALaoct) as a function of the octave-band frequencies can be found in the following tabulation.

foct [Hz] 250 500 1k 2k 4k
P1oct [W] 0.1 05 0.1 0.01 0.001
P2oct [W] 05 0.1 0.05 0.01 0.005
ALinoct 6 8 1 15 19
AlLpoct [dB] -8.6 -32 0 1.2 1
Solution:
foot [Hz] 250 | 500 1k 2k 4k
P+20ct = Pioct + Paoct [W] 06 06 | 015 | 0.02 | 0.006
Lwi+20c= 10/g(P1+20ct/Po) [dB] ~ where: Po= 1012 W 1178 | 117.8 | 111.8 | 103 | 97.8
Loct= Lwt+20ct - 10/gr2 + 10igD — 11= Lw1+20ct - 10/g552 + 10/g4 — 11= [dB] 78 78 72 | 632 | 58
Loct - ALinoct [dB] 72 70 61 482 | 39
Loct - ALinoct + AL aoct [dB] 634 | 668 | 61 494 | 40

La = 10/g(10634 + 10668 +106.1 +10494 +104) = 69.2 [dB(A)]

(Note: See details about the A-weighting in the measurement syllabus and more details later in the lecture notes)
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