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The reduction in sound power occurring at duct branches is frequently assessed
by use of figures and tables, such as those given in the design guides .of the
Chartered Institution of Building Services Engineers [1] and the American
Society of fleeting. Refrigeration and Airconditioning Engineers [2].

The C155! Guide states that it may he assumed that the sound power divides in
direct proportion to the areas of thé ducts and that for most practical I
situations this procedure may he simplified by using the air volume ratios in
place of the arsas. The attenuation in a branch is given by:

A = 10'1o310 al 9 a2 d3

 

‘1
Where a1 is the ares of the branch duct

' a2 is the area of the main duct after the branch

The Guide does not sittinguish hetveen branch types nor whether the duct after
the branch is at 90 to the approach duct or in line with it.

' 111a ASRMB handbook is often used by practising engineers in-the UK, where the
guidance presented by 61383 is not substantial or is not available at all. In
this instance the guidance presented by ASHE-AB is no more comprehensive.
arming that sound power reduces in proportion to the air volumes down each
duct. No reference is made to the areas of the ducts. presumably because the
assumption is vague and for practical use it is far easier to use the air
volumes than the areas. The noise reduction is given by:

Noise Reduction = 10 loam (Branch Air Entity) in
(Total r Quantity )

The present investigation was undertaken to estahlish whether the assumptions
made in the design guides were justified.
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A study was made of apparatus used in the testing of ductwork fittings and it

was found that an adaptation of the apparatus described for the static testing

of silencers in 354718”) would be suitable for this work. The appatamfi was

further adapted to comply with econmic. space and time constraints.

To comply with economic constraints it was decided that the straight ducts

used in the construction of the test rig should be fabricated in accordance

with nwuz Class A [A] as opposed to a more rigid material. This approach

presented the problem that some of the sound power would beattenuated in the

test rig and not just at the branch. However. it was decided that this

attenuation could be accounted for-within reasonable limits of accuracy in the

processing of the results.

The duct branches were also fabricated in Iccordance with Dill/02 Class A.

This. being the most commonly used specification in practice in this Country.’

would provide the most useful results. The sizes of the branches tested were

made up of combinations of three duct sites:- 300 mm square. 200 m square

and 100 mm square.

The apparatus was to be set up in two formats. The first was to allow

measuranent of noise entering from the main duct and passing down each branch.

This represents the more normal situation of fan noise passing don the ducts

to the spaces being served. The second format was toallow measurement of

noise entering a branch duct and passing along the main duct. This represents

situations such as_where cross talk would be unacceptable. or where a system

serves a noisy space as well as a noise sensitive space.

The anechoic terminations that were used were designed based on similar

terminations used by Sound Attenuators Limited. They were simple in design to

comply with economic constraints. but nevertheless were expected to give

reasonable accuracy at frequencies above 6311:.

The noise was produced using a signal generator connected to a

loudspeaker/baffle and adjusted to produce white noise at a set generator

output. To produce' approximate plane waves in the ducts. the speakers (one

for each duct size) were mounted on baffle boards and were of the lsrgcst

sizes possible that could be accmodated by the particular duct.
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Sound pressure level was detected using a half inch microphone
with a 1mm diameter x 75mm long probe set a quarter of the way
into the duct. At this location the sound pressure level measured
would approximately represent the average sound pressure level
across the duct cross section. The microphone was connected to a
measuring amplifier and. using the appropriate filters. it was
possible to read the sound pressure level for one third octave
hands at each centre frequency.

To avoid transmission of vibration from/to the laboratory floor.
th'e speaker/baffle assemblies and the ductwork were each placed on‘
mineral wool slshs. The speaker/baffle assemblies were placed
5-10 mm from the duct flange to prevent vibration trsnmission
from the speaker to the ductwork. The flanged ductwork was bolted
together with masticsealant joints. care being taken to avoid any
air gape. -

mmmm

For the measurement of sound pressure level in the approach duct
the apparatus was set up as shown in Figure l for each duct size

and the duct size recorded on a test sheet. The background sound
pressure level in the duct was measured at each centrehnnd
frequency and the results recorded. The signal generator was then
switched on and set to produce a sound pressure level in the duct
at least 10d! shove the background sound pressure level at each
£requaucy. but not so high as to distort the speaker. The sound
pressure level was measured for each frequency at each test point
and the results recorded.

The signal generator was then switched off and the background
sound pressure level at each frequency checked.

Auteur: main-M77“!

3“ 733v mwr:
  
uqu (we70
fa slam-4. «men-me
MMJG mire all/ll FIGURE 1
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For the measurement of sound pressure level in ducts after branch

the apparatus was set up as shown in figure 2a and then as in figure 2]: for
each branch tested. The measurth procedure then followed that outlined

above. A 30° a B

 

BeoooM

FIGURE 25
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x i 2
'Nn factors need to he considered in converting the measured values of sound

pressure level to sound power level at the duct breech; first the conversion

of sound pressure level to sound power level atthe measuring point and -

second. the attenuation of the sound power in the duct between the planning

point and the branch.

The measured sound pressure levels were converted to sound power levels using
the following formula:

Pi“. = SP1. + lOlogA dB re lpfl

where PHI. = sound power level across the duct at the
measuring point

SP1. - measured sound pressure level as re 20"Pa

A = cross sectional area of the duct. In2

The ductwork used for testing is conventional sheet natal duct. asdescribed
in section 312 of the cuss guide. As such. predictions for the attenuation
along the straight duct lengths fanning the test rig can be calculated. hesed
upon table 312.3 of this guide.

The sound power levels at each measuring point were corrected in accordance
with Table 312.3. ~ '

arm-rs

The reduction in sound power level between the approach duct and the duct
after the branch is simply the arithmetic difference between the recorded

sound paler levels at each frequency for the appropriate ducts.

The attenuations obtained in each branch were plotted against frequency. as

shown in figures 3 to 14.
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Besides the measured sttenuatiena. two additional lines have been plotted on
each graph. First. the attenuation predicted from the C1358 areas method
which is constant across the spectrum and second. the attenuation predicted
from a combination of the areas method with the attenuation for a nitred hand
without turning vanes obtained from C1353 tahle 312.4.

The odd-numbered figures present results for cases where the approach duct is
perpendicular to the two branch ducts and the even-numbered figures present
those for cases where the approach duct is in line with one and perpendicular
to the other branch duct.

Despite the fact that the data presented are too inconsistent to provide a.
hesis for prediction. two definite trends marge. Vhere the approach duct is
perpendicular to both hranch ducts. attenuation in each branch is roughly
similar and follows the 'araaa and heads' line. the other duct arrangement
shoes markedly different results. In each case the 'atreight through‘ branch
gives results approximating to the 61351! areas method, with the perpendicular
hranch following more closely the 'areas and henda' line.

 

CONCLUSIOIS

This was neither a comprehensive nor detailed study. but nevertheless definite
trends can he seen in the results.

Generally. it can be seen that where the duct after the branch is in line with
the approach duct. themethod of prediction laid down in 61853 Section 512
discussed above. tends to he continued.

It can also generally be seen that. where the duct after the branch is at 90°C
to the approach duct. the areas method does not provide an accurate
prediction. In most cases a more accurate prediction is given by combining
the areas mthod with values interpolafied from the 61383 table 312.5». which
abuse the attenuation predicted for 90 c nitred bends without turningVines.

The results are not considered to he of sufficient accuracy to apply in the
practical sizing of duct noise attenuators. but they do provide justification
for future study using more sophisticated techniques than those adopted here.
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