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From this it can be concluded that
such individual immission measure-
ments are of very limited value in-
deed.

Only if taken over a longer period
of time, or i1f done under specified
climatic conditions they can serve
as a meaningfull comparison with set
community noise limits. And this re-
mains the only purpose which immis-
sion measurements really can serve.
They are in general not suitable to
quantitatively determine which in-
dividual sources within the plant
contributes to the noise level
measured outside.

To answer this question the fol-
lowing method for the identifi-
cation of the contributing noise
sources can be used.

Figure 2 shows the plan of
a hypothetical plant which
contains many different
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noise sources.
The first aim is, to de-
termine the sound power

of these sources.
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To do this systematical- —

ly and with a minimum of
measurements, the plant

will be subdivided into
severall noise groups,
around which a closed
measuring surface can
be put in such a way that
the noise levels on that
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surface are as constant
as practically possible.
The noise power level

can than easily be determined in the well known way

L,=L+10log F+K

L
1Y

L

(1)

sound power level

the mean sound pressure level on the

measuring surface F
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F = measuring surface

K = correction factor, usually between + 1 and - 6 4B.
The value of K becomes negative 1f the microphone picks up sound wave
components other than normal to the measuring surface. This is the so
called projection error.

The practical poblem with the application of eq (1) is always how to
select a suitable measuring surface F so that K approaches zero, or
assumes a known value, and that the number of relevant measuring points
becomes a minimum.

Returning to figure 2: in general each of these noise groups contains
a number of individual noise sources,but a noise group can also con-
sist of only one major noise source.

Figure 3 gives a schematic
example for a practicable

PETROCHEMICAL

system of noise groups
with their individual
noise sources from the
petro-chemical industry.

The measurement procedure
then starts with the de-
termination of the noise
power output from each
group by applying
equation(1),

The groups differ great-
ly from each other in
area and height of their
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principle noise sources,
and the selection of
suitable microphone po-
sitions to measure the sound pressure level T will vary accordingly.
The required height of the microphone position above groundlevel can
be determined with the help of the schematic sketch of figure 4.

The noise group be relatively large in plane and consists of many inco-
herent sources.
The propagation of sound be downwind with positive wind gradient. The area
deliniated by the microphone p031t10ns be F
The mean height of the principal noise sources within the group 1is hge
The distance between the centre of the group and the measuring point in the
community is 4.
Then the microphone height H can be calculated as follows:

H={;Fdi°—

+h .

g e dh (o} (2).
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For most practical applications the
radius of the downwards bent sound ray
is approximately equal to 5 km and with
the distance (d) equal to 2 km, one ob-
tains for the relevant emssion angle

x~20°, -

The required microphone height above
h, will only be dependent on F, and can
easily amount up to more than 10 mtr.
It will, therefore, be advisable to
measure as close around the source as
possible.
A further practical restriction, apart
from the required microphone height, is
the influence of other noise sources in
“4f%%€-m other groups or from traffic near the
plant.
The measurements will, therefore, nearly
s always have to be done by using a high-
MICROPHONE  HIGHT Flg. « ly directional microphone.

After having determined the sound pressure level L in eq (1),with the
help of the measurements described above, the measuring surface F has to

be known.
It can be assumed to be the hemisphere above the source with the base

area Fg.

2

Then r~ = Fg and F =21 r2, so that F = 2 F

G

In order to obtain the sound power level (LP in eq 1) the correction X has
still to be determined.
This will be done with the help of figure 5.

The examples a, b, c and 4 show some typical situations

a) a circular array of incoherent noise sources, ;
b) a square array of incoherent noise sources,

c) a rectangular array of incoherent noise sources,

d) a single noise source at the corner of a square.

The distance of the microphone path around the boundary of the source be R.
Then the correction factor K can be calculated for the different micro-
phone characteristics. '
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From the results it can be seen, that the
situation d entails the greatest correc-
tion which typically amount to

+1,5dB<A%f-3dB

Thus, the emission level of large noise
sources, mostly the noise groups, can be
determined by measuring the sound pres-
sure level on a prescribed path at a
certain height, 10 to 20 m  around the
source, and by applying equation (1).

A comparison of the emission levels
obtained for all noise groups will than
reveal whether some of them can already
at this stage be identified as "not
contributing”.

The remaining contributing groups have
to be further analysed to identify the
contributing individual noise sources
within each group.

This will also be done with the help of

eq. (1), but the choise of a suitable measuring surface F will be varying
much dependent on the different types of individual noise sources.

By the help of a few examples we shall try to describe the possible
choises of measuring surfaces.

Figure 6 shows a furnace of which the
sound power level can be obtained by
putting up two measuring surfaces

F yand F 2 at 1,50 m distance from
tfle furnafe walls.

Since only these parts of the fur-
nace are responsible for the total
sound emission no completely en-
velopping surface will be needed.

The mean sound pressure level L in
eq (1)will then be obtained through
a great number of measuring points
over each of the surfaces Fg1 and

ng and the total sound power

level by adding up the sound power
levels LP1 and LP2 for Fg1 and

Fg2 respectively.
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The next example is shown in figure
T7,a cooling tower.

. The noise emitting path is the air
discharge on top of the tower and
the suction side.

Around the discharge opening a
hemisphere Fg1 can be put, and a

second measuring surface F o is

taken over the whole area of the
air intake opening. _

For the determination of L over
Fg1 only one microphone position
is needed as shown in the figure,
because of the symmetry of the
sound field around the vertical
axis and because the emission
remains constant over an angle of
elevation from approximately 15°©
to 20° which is the relevant range
that determines the immission level
at a far distance.

At the suction side the mean sound
Fig. 7 pressure level has to be obtained
by taking a number of individual
measurements over the surface ng.

MEASURING SURFACES
OF COOLING TOWER

The sound power level will then again be calculated from eq (1),sepa-
rate}y for both surfaces, because for each surface the influence of
screening and scattering during propagation is different.

A quite different method has to be applied to determine the noise
emission of pipes, because in most installations airborne noise measu-
rements around a single pipe will not be possible due to interference
from noise of other pipes close by.

A reliable method to eliminate such interference is to measure the
vibration level of the pipe walls by means of & pick-up as shown in
figure 8.

From the measured velocity level the radiated sound power can easily be
calculsted if the radiation factor of the pipe wall is known. The
radiation factor approaches unity if the pipe walls are at least 6 mm
thick and the frequency is higher than about 1000 Hz.

A typical A-weighted octave band spectrum of pipe noise shows a peak

at about 2000 Hz and also the wall thickness of most pipes amounts to
at least 6 mm.
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The next example deals with the noise emission of buildings.

Here the same procedure can be followed as for the furnace, that is to
say putting up measuring surfaces at close distance parallel to both
fagades.

An other method can be applied if the sound insulation of the fagade
is known. Then the noise level inside the building can be measured and
one can calculate either the noise power transmitted through the
fagade or the noise level outside at a certain distance as shown in

figure 9.

After having obtained the sound power level of each individual noise
source, the sound pressure level I at & certain point in the neigh-
bouring community, having the distance d from the sound source, can be
calculated.

The calculation will be done with the help of the equation

L, = L, - 10log 2r r? - A (f3r) - B (f).r - C (f3¢) - D (r) (2)

wherein:

A: as a function of frequency and distance, describes the influence of
screening due to obstacles on the way from the source to the re-
ceiver and of scattering and absorption within the noise group.
This term can assume values between 0 and 20 dB.
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B: as a function of frequency, describes the air absorption ranging
from 0 to 2+10-2 dB/m.

C: as a function from frequency and distance, describes the ground
absorption, and depents on the height of the sound source above
groundlevel, vegetation etec.

D: as a function of distance, describes the influence of wind- and
temperature gradient.

The sound pressure level L_ due to each individual source represents
the clue for the identification of the contributing noise sources in
the plant.

This is shown diagrammatically in figure 10.

Each noise source is represented by a line of which the length is
proportional to the sound pressure level Lr'

The noise reduction, needed for each source to comply with a certain
community level can be

i easily read off that dia-
- gramme . 4BiA
This reduction will be Building '
L=1L - (L - 10logn) (3)
r c Eurnages
] L, = community noise
I limit Bumps
| n = number of noise ' %
[ sources. Comprosers: lhl‘h.p plpes ;
:::I'I:n plpes =]
compressor
This completes the analysis Conting toware e RS
cf an existing noise problem
and forms the first necessary
step off towards solving it. Elaes
Open_plant
The same systematic approach
can be used for the planning Eap_cesters
of new plants, with the only
difference that the emission MMISSION LEVELS OF
levels of the individual noise CONTRIBUTING NOISE neto

sources will be taken from
the experience devided from results of measurements on many similar
and already existing installations.

To conclude this paper, in figure 11 an indication will be given about the
accuraty of the described method.
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This figure gives a comparison of the measured and the calculated im-.
mission level of an existing plant. The difference between measurements
and calculations are for all octave bands smaller than 2,5 dB.

‘The difference in A levels is typically smaller than 1,5 dB.
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