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INTRODUCTION

The reduction in sound power occurring at duct branches is frequently acgessed
by use of figures and tables, such as thoge given in the design guides .of the
Chartered Ingtitution of Building Servicee Engineers [1) and the American
Society of Heating, Refrigeration and Airconditijoning Engineers [2).

The CIBSE Guide states that it may be asgumed that the sound power divides in
direct proportion to the areas of thé ducts end that for most practical
situations this procedure may be simplified by using the air volume ratiocs in
Place of the areas. The asttenuation in a branch is given by:

A = 10 log,q 8, + 8, dB

5
Where a, is the sres of the branch duct
’ 2, ip the area of the mein duct after the branch

The Guide does not 3ietinguinh between branch types nor whether the duct after
the branch is at 90 to the appreoach duct or in line with it.

" The ASARAR Handbook is often used by practising engineers in the UK, where the
guidence presented by CIBSE is not substantisl or ié not available atr s11. In
this instence the guidance presented by ASHRAE is no more comprebensive,
assuming that sound power raduces in proportion to the air volumes down each
duct. No reference is made to the aress of the ducts, presumably because the
assunption is vague and for practical use it is far easier to use the air
velumes than the areas. The noise reduction is given by:

Noise Reduction = 10 logw (Branch Air Quantity) 4B
(Total Alr Quentity )

The present investigation was underteken to establish whether the assumptions
mede in the design guides were justified.
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EXPERIMENTAL RIG
A study vae made of apparatus used in the testing of ductwork fittings apd it
was found that en esdaptation of the apperatus described for the static testing

of silencers in BS4718[3] would be suitable for this work. The spparatus vas
further adapted to comply with econcmic, space and time constraints,

To comply with ecomcmic copstraints it was decided that the straight ducts
used in the construction of the test rig should be fabricared in eccordance
witb DW142 Class A [4) as opposed to a moere rigid material. This spproach
ptesented the problem that some of the sound power would be attenvated in the
test rig and not just at the branch. However, it was decided that this
attenuation could be accounted for within ressonable limits of sccurscy im the
processing of the results. :

The duct branches vere also fabricated in accordance with DW142 Class A. :
This, being the moet commonly used specification in practice in thie country,
would provide the most vseful results. The sizes of the branches tested were
mede up of combinations of three duct sizes:- 300 mm square, 200 mm square
and 100 mm square.

The spparatus was to be set up in two formats. The first was to allow
peasurement of noise entering from the main duct and paesing down each branch.
This represents the more normel situation of fan noise passing down the ducts
to the spaces being served. The second format wae to allow measurement of
noige entering a branch duct snd paeging along the main duct. This represents
gituations such as where crose talk would ba unacceptable, or vhere a system
serves a noisy space a8 well sg a noise sensitive space.

The epechoic terminations that were used were designed based on eimiler
terminations used by Sound Attenuators Limited. They were sipple in depign to
comply with economic constreints, but neverthelesa were expected to give
ressonsble accuracy st frequencies above 63Hz.

The noise was produced using & signal generator connected to a
loudspeaker/baffle and adjusted te produce white nolee at a set generstor
output. To produce approximate plane waves in the ducts, the speskers (one
for each duct size) were mounted on baffle boards and were of the largest
sizes possible that could be accommodated by the particular duct.
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Sound pressure level was detected using & half inch microphone
with a lmm dismeter x 75mm long probe set a quarter of the way
into the duct. At this location the gound preasure level messured
would epproximately represent the average sound pressure level )
across the duct cross section. The microphone was connected to a
measuring amplifier and, using the approprimte filters, it wes
poss:ble to raad the sound pressure level for ome third octave
bends dt each centre frequency.

To avoid tranemiesion of vibration from/to the laboratory floor,
the speaker/baffle assemblies and the ductwork were each placed on-
mineral wool glabe. The spesker/baffle essemblies were placed
5-10 om from the duct flange to prevent vibration treonsmission
from the speaker to the ductwork. The flanged ductwork wag bolted
togather with mastic sealant joints, care being taken to aveid any
air gaps. -

For the messurement of sound pressure level in the approech duct
the spparatus was set up as shown in Figure 1 for each duet size
and the duct size recorded on a test sheet. The background sound
presgure level in the duct was measured at each centreband
frequency and the results recorded. The signal generator was then
gswitched on and set to produce a sound pressure level in the duct
at least 104dB ebove the background sound pressure level at each
frequency, but not so high &s to distort the speaker. The eound
pressure level was measured for each frequency at each test point
and the results recorded.

Tha eignal generator was then switched off and the background’
gound pressure level at each frequency checked,

T

AvgEyms TELMInATron/
LOUFSADRRER [oPNIETED SPL TN povmaTs
O SKem/mi. LemaR A ToR

PRBIC 1 a1 rE oSk FIGURE 1
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For the measurement of sound ﬁreusure level in ducte efter branch
the spparatus was set up as shown in figure Za and then as in figure 2b for
each branch tested. The measurement proclc_;dure then followed that outlined

above. A 9000 B

B 0o M

. i . .
FIGURE 2a ﬂ ™ o "U A FIGURE 2b
. ;-

- §

; 4 ‘
Two factors need to be copngidered in cosverting the measured valueg of sound
pressure level to pound power level at the duct branch; first the cogversion -
of gound pressure level to scund power level at the measuring point and
gecond, the attenuation of the sound pover in the duct between the nsa.nut:l.ng

point and the branch,

The measured sound pressure levels were converted to sound power 1evelﬂ uging
the following formula:

PJL = SPL + 10logh dB re 1pW

where MWL = sound power level across the duct at the
measuring point

SPL = measured gound pressure level 4B re ZO}Pa

A = cross sectionsl area of the duet, m2
The ductwork used for testing is conventional sheet metal duct, &s described
in section B12 of the CIBSR guide. As such, predicticns for the attenustiom

along the streight duct lengths forming the test rig can be calculatad, based
upon table B12.3 of thig guida.

The pound power levels at each measuring point were corrected in ncco:dance
with Table B12.3,

RESULTS
The reduction in sound power level between the approach duct and the duct
after the branch is simply the arithmetic differemce between the recorded
sound power levels at esch frequency for the appropriate ducts.

The attenustions obtained in each branch were plotted ageinst frequency, &g
shown in figures 3 to 1l4.
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Besides the measured attenuations, two additional lines heve been plotted on
each graph. First, the attenuation predicted from the CIBSE areas method
which is constent across the spectrum and second, the attenuation predicted
from a combination of the areas methed with the attenustion for a mitred bend
without turning venes obtained from CIBSE table B12.4.

The odd-numbered figures present results for cases where the approach duct is

perpendicular to the two branch ducte and the even-numbered figures present

. those for cases where the approach duct is in line with one snd perpendicular
to the other branch duct.

Despite the fact that the data presented are toc inconsistent to provide s .
basie for prediction, two definite trends emerge. Where the approach duct is
perpendicular to both branch ducts, attenuation in each branch is roughly
sinilar and follows the 'sreas and bends' line. the other duct arrangement
shows markedly different results. In each cage the 'straight through' branch
gives results approximating to the CIBSE areas method, with the perpendicular -
branch following more closely the 'areas and bends' lina.

CONCLUSIONS

This was neither a comprehensive nor deteiled study, but neverthaless definite
trends can be seen in the results.

Generally, it can be saen that where the duct efter the branch is in line with
the approsch duct, the method of prediction laid down in CIBSE Sectiom Bl2
digcussed above, tends to be confirmed.

It can elso ganerally be seen that, where the duct after the branch is at 90°C
to the approsch duct, the areas method does not provide &n accurate
prediction. In most cases a more accurate prediction is given by combining
the aress mathod with values interpolabed from the CIBSE table Bl2.4, which
shows the attenuvation predicted for 90 C mitred bende without turning vanes.

The results are not coneidered to be of sufficient accuracy to apply in the

practical siring of duct noise sttenuators, but they do provide Juetification
for future study using more sophieticated techniques than those adopted here.
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