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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work of the permanent professional staff of the Engineering Sciences Data Unit on this particular Iltem was
monitored and guided by the following Working Party:

Mr A.R. Green — Trox Brothers Ltd

Dr D.J. Jeannon — Department of Energy (Gas Standards Branch)
Mr A. Moore — British Hydromechanics Research Association
Mr K.R. Tompsett — Atkins Research and Development

on behalf of the Internal Flow Panel which had the following constitution:

ESDU Copyright material. For current status contact ESDU.

Chairman

Mr N.G. Worley — Babcock Power Ltd

Members

Mr J. Bacon — Rolls-Royce Ltd, Derby

Dr T.W. Broyd — Atkins Research and Development

Mr J. Campbell — Ove Arup Partnership

Dr D.J. Cockrell — Leicester University

Mr D.H. Freeston” — Auckland University, New Zealand

Dr G. Hobson — GEC Turbine Generators Ltd, Rugby
Prof. J.L. Livesey — Salford University

Mr D.S. Miller — British Hydromechanics Research Association
Mr B. Payne — Kellogg International Corporation

Dr D. Pollard — GEC Power Engineering Ltd, Whetstone.

Corresponding Member

The work on this Item was carried out in the Internal Flow and Physical Properties Group of the Engineering Sciences
Data Unit. The member of staff who undertook the technical work involved in the initial assessment of the available
information and the construction and subsequent development of the Item was

Mr R.F. Lambert — Group Head, Noise and Structural Dynamics.
The Internal Flow Panel, which took over the work on Internal Flow previously monitored by the Fluid Mechanics

Steering Group, first met in September 1979 and had the co-operation of many engineers and scientists in industry,
research establishments and universities from whom much assistance and information is being received.

Documents

Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82002 A 2007


http://www.avadocuments.com/doc/esdu-82002-a-2007
http://www.avadocuments.com/doc/esdu-82002-a-2007

ESDU 82002

REDUCTION OF SOUND IN VENTILATION AND SIMILAR AIR DISTRIBUTION

ESDU Copyright material. For current status contact ESDU.

SYSTEMS

CONTENTS
Page
1 NOTATION 1
2. INTRODUCTION 2
3. INTERNALLY LINED DUCTS 3
4. SILENCERSFOR AIR DISTRIBUTION SYSTEMS 4
4.1 General Notes 4
4.2 Rectangular Splitter Silencer Selection 6
4.2.1 Rectangular silencer staticinsertion loss 6
422 Airflow generated noise 6
4.2.3 Pressurelossthrough rectangular silencers 7
43 Cylindrical Silencers 7
4.3.1 Cylindrical silencer insertion loss 7
4.3.2 Cylindrical silencer airflow generated noise 7
4.3.3 Cylindrical silencer pressureloss 7
5. LOCATION OF SILENCERSIN DUCT SYSTEMS 8
6. PLENUM CHAMBERS 9
7. DERIVATION AND REFERENCES n
7.1 Derivation 11
7.2 References n
7.3 Manufacturers Catalogue Data 11
8. EXAMPLE ON SILENCER SELECTION 12
FIGURE 1t09 15t023

Documents

i Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82002 A 2007


http://www.avadocuments.com/doc/esdu-82002-a-2007
http://www.avadocuments.com/doc/esdu-82002-a-2007

ESDU 82002

REDUCTION OF SOUND IN VENTILATION AND SIMILAR AIR DISTRIBUTION

SYSTEMS
1 NOTATION
A free cross-sectional area of duct
b rectangular silencer splitter thickness (see Sketch 4.1)
d. cylindrical silencer reference diameter (see Sketch 4.1)
é h rectangular silencer airway width (see Sketch 4.1)
g IL silencer static insertion loss
g KID plenum chamber constant (see Equation (6.2))
é (. silencer airflow generated noise
g I silencer length
% P perimeter inside duct
E Apy silencer total pressure loss
:C‘j r plenum chamber direct pathlength (see Sketch 6.1)
g Se plenum chamber exit area
§° So total surface area of plenum chamber
§ S> S -+, individual surface areas of plenum chamber
8 a average reverberation sound absorption coefficient
@ 0,0, ...0,, absorption coefficients associated with plenum chamber
surfaces
ep angle between direct path and normal to exit to plenum (see
Sketch 6.1)
Iy sound wavelength
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2. INTRODUCTION

This Item provides data for estimating the attenuation of sound in lined plenum chambers and ducts, and
through silencers of the types used in ventilation and air-conditioning systems. These data are
complementary to those presented in ESDU 81043 which providesameans of estimating the sound pressure
levelsin roomsthat are directly attributable to the ventilation system.

Dataare provided in graphical or tabular form for the estimation of typical silencer insertion loss, airflow
generated noise and pressure loss. Both rectangular splitter silencers and cylindrical silencers are
considered. Also, equationsare provided for the estimation of plenum chamber attenuation. The attenuation
of sound in lined ducts is discussed with reference to the estimation procedure given in ESDU 81043. An
example is given on the selection and sizing of a silencer for atypical ventilation system, and the suitable
location of silencers within the duct system is discussed.

The calculation of noisein ventilation and air-conditioning systemsis made in terms of sound power levels
which are measured in decibels (dB)". The reference sound power level used in this Item is 107? W, To
ensure that all frequencies over the range of interest are considered, the data provided are for each of the
octave frequency bandsin the range 63 Hz to 8 kHz.

During the design stage of a ventilation system there are a number of factors that should be considered as
a means of avoiding possible noise problems. Firstly, the flow velocities should be kept to the practical
minimum since even a small reduction in flow velocity can significantly reduce the flow generated noise
dueto duct fittings. Anindication of the reduction of flow generated noisewith air velocity may be obtained,
for the case of a silencer, from Figure 3. Useful gains in low frequency attenuation can be achieved by
increasing the number, and reducing the size of, the duct outlets into a room. These gains are due to an
increase in end reflection loss (see Figure 3 of ESDU 81043). Further reductions can be made by locating
grilles at the maximum possible distance from the room occupants so reducing the direct sound pressure
levels. However, before increasing the number of, or repositioning, duct outletsit is essential to consider
both the economics of increasing duct lengths and the efficiency of air distribution within the serviced
space. Another way of controlling sound within aroom is by decreasing reverberation time which reduces
the reverberant sound pressure levels. The reverberation time in aroom may be reduced, for example, by
the use of carpets and acoustic ceiling tiles.

The data provided are intended for use by heating and ventil ation engineers when selecting the appropriate
noi se reduction equipment for aventilation and air-conditioning system. The datamay be used in theinitial
design of a system or to investigate the appropriate remedial action for aninstalled air distribution system
that isfound to be too noisy. This Item, and the data provided, isintended for use by engineers who are not
acoustic specialists. In caseswhere very low noise levels must be guaranteed, for examplein an auditorium
where the acceptable noise criterion is likely to be less than NC 30, it is recommended that the advice of
an acoustics specialist should be sought. Noise design criteria are discussed in ESDU 82001.

ESDU Copyright material. For current status contact ESDU.

In Section 3, thereduction of sound by duct linersisdiscussed and referenceis madeto duct liner attenuation
data. The types of purpose-built silencers for air distribution systems are described in Section 4, and a
method of estimating their insertion loss, airflow generated noise and pressure loss is given. In Section 5
thelocation of silencerswithin the duct system is considered and in Section 6 a method is provided for the
estimation of plenum chamber attenuation. A worked example that illustrates the selection and sizing of a
silencer for a particular application is given in Section 8.

* Anintroduction to noise units and their basic relationships s given in ESDU 82001.
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3. INTERNALLY LINED DUCTS

Lining a duct with porous absorbing material can significantly increase duct sound attenuation and, at the
same time, increase thermal insulation. In alined duct, sound propagates both in the free duct and in the
duct lining. It isin the duct lining that sound energy is absorbed as aresult of the flow resistance within the
pores of the lining material converting a portion of the sound energy to heat. The energy dissipated in the
lining is replaced from the sound propagating in the free duct so providing continuous sound attenuation
alongthelined duct. For high sound attenuation, alargeratio of lined perimeter tofreearea, P/ A, isrequired
and thelining thickness should not betoo small compared with the wavel ength of the sound to be attenuated.
Also the flow resistance of the lining material should be high to dissipate a large part of the sound energy
propagating in it; however, this lining flow resistance should not be so high that it inhibits the passage of
sound waves into the absorber lining.

The requirement, for high sound attenuation, that the lining thickness should not be too small compared
with the sound wavelength means that for significant low frequency attenuation (octave band centred at
500 Hz and lower frequency bands) the thickness of the lining material should be at least 50 mm. Insertion
of thick lining material reduces the duct free cross-sectional area so increasing the flow velocity for the
same volume flow rate. If thisincrease in flow velocity is high the flow noise generated at duct bends and
fittings may be significantly increased.

At high frequencies, the sound attenuation due to duct liners is reduced since high frequency waves tend
to concentrate in the centre of the duct and are therefore less affected by the lining material. This fall-off
in high frequency sound attenuation is most marked when the sound wavelength is of the order of, or less
than, the duct width.

In ventilation systems where mineral fibre liners are often used, it is usual to face the mineral fibre with a
porous fibre mat to reduce erosion of the silencing material. In some cases where this erosion must be
eliminated (e.g. in "clean air" areas such as pharmaceutical |aboratories, operating theatres, etc.) the liner
may be enclosed in animpervious material (e.g. melinex). Theseimperviouslining covers have some effect
on the sound attenuation properties of the lined duct, and may give an increased attenuation at low
frequencies and a reduction at the higher frequencies.

The attenuation of sound in rectangular ducts may be estimated using the relationships given in Section 3
of ESDU 81043. In that same source, data are al so provided on the attenuation of lined circular ducts and
lined duct bends. Significant attenuation of the mid and high frequency sound is achieved by lining the duct
leading into, and leaving, mitred bends.
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In selecting asuitableduct lining material, itisnecessary to consider morethan itsacoustical characteristics.
Thematerial must have adequate mechanical strength to avoid breakage and crumbling, and erosion at high
air velocities. Further, lining materials should befire resistant, odourless, and should not absorb substances
that will impair their sound absorption properties (e. g. grease from kitchens).

Documents
3 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82002 A 2007


http://www.avadocuments.com/doc/esdu-82002-a-2007
http://www.avadocuments.com/doc/esdu-82002-a-2007

ESDU 82002

4, SILENCERSFOR AIR DISTRIBUTION SYSTEMS
4.1 General Notes

It is not always possible, or may not be practical, to achieve the required reduction in sound in an air
distribution system solely by the use of duct liners. Thisis particularly so when significant low frequency
sound attenuation is required which can only be gained by using thick lining material. For cases where
large sound attenuation is required, or where insufficient duct length is available for lining to give the
required sound reduction, purpose-built silencers should be used. An advantage of using purpose-built
silencers, rather than lining ducts, isthat sound can be attenuated in ashort distance so avoiding the problem
of noise break-out from along length of duct in which noise levels are high. Also if duct cross-sectional
areas are large, which is often the case in the system connected to the primary fan, duct lining may not be
realy effective due to the concentration of sound waves in the centre of the duct.

The two types of commonly used silencers that are considered in this Item are cylindrical silencers and
rectangular splitter silencers. The construction of these silencers is illustrated in Sketch 4.1 where
cylindrical silencers both with and without a concentric pod are shown. Particularly when low pressure
losses are required, aerodynamically shaped entrance and exit pieces may be attached to the rectangular
silencer splitter elements and to the cylindrical silencer central pods. Some rectangular splitter silencer
manufacturers add half splitters on the silencer sides. Apart from increasing the sound absorption area, this
|atter addition helpsto prevent flanking transmission and the resulting stiffening of the side panels reduces
the possibility of their vibrating.

Width

Sound
absorbent —_||
material

Splitter —.
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(b) Cylinder silencer with pod (c) Cylinder silencer without pod

Sketch 4.1 Typical silencers
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The factors to be considered in ng the acoustic performance of asilencer areitsinsertion loss (IL),
its pressure loss (Ap, ), and its airflow generated noise (L, ). Theinsertion lossis the reduction in the rate
of flow of sound energy, in terms of the reduction in sound power level in each octave frequency band,
after asilencer due solely to the insertion of the silencer in the system. The pressure lossis the difference
between the mean total pressures at the silencer inlet and outlet, and the airflow generated noise is the
octave band sound power levels radiated through either the silencer inlet or outlet as a result of airflow
through the silencer.

Silencer manufacturers quote either experimentally based static values of insertion loss together with
airflow generated noise characteristics or dynamic values of insertion loss. Static insertion lossis measured
without airflow and dynamic insertion loss is measured in the presence of airflow. Hence, for a specific
value of air velocity through a silencer, the dynamic insertion loss may be used or, alternatively, the static
insertion loss in conjunction with the velocity generated noise may be used. In Reference 5, methods of
testing silencers for air distribution systems are described that lead to values of static insertion loss and
airflow generated noise levels. It is noted in Reference 5 that significant variation of insertion loss may
occur at high air velocities and consequently the values of insertion loss obtained by the recommended
methods should beinterpreted with caution if theair velocity within the silencer exceeds 20 m/s. In practice,
itisnot desirable to have airway velocitiesin excess of 20 m/s so static insertion |oss data provided in this
Item are applicableto most ventilation systems. In the case of silencersthat are designed for direct coupling
to afan, the fan and attached silencer should be tested as a single unit using the test procedure described
in Reference 4. These latter test procedures lead to values of dynamic insertion loss. In quoting dynamic
insertion loss, it is common practice for manufacturers to give values for low, medium and high fan blade
pitch settings rather than to quote specific flow velocities through the silencer. Becauseit iseasier to attach
cylindrical silencersto fan casings, dynamic insertion losses are often only quoted for cylindrical silencers.

Data provided in this Item are mean values for typical silencers designed for use in ventilation and
air-conditioning systems and are applicable over the normal range of temperatur%* encountered in those
systems. Some manufacturers provide silencers for special application for which data provided here are
not applicable. An example of such special silencers is the rectangular splitter silencer designed to give
higher insertion loss in the lower frequency octave bands. Because of differencesin silencer designsit is
recommended that when a silencer is selected for a particular application the acoustical performance given
in the manufacturers' catalogue should be used. However, when comparing the specified performance of
different silencersit should be noted that, because of inaccuraciesinherent in test measurements, apossible
error in measured values of insertion loss and airflow generated noise of the order of £3 dB in the octave,
band centred at 125 Hz and +2 dB in the higher frequency octave bands may occur. Tolerance limits on-
the datagiven for the band centred at 63 Hz arelikely to be greater than +3 dB. Thetolerance on measuredf
pressure lossis of the order of +5 per cent. ?

ESDU Copyright material. For current status contact ESDU.

In using the silencer data provided, or obtained from manufacturers' catalogues, it should be realised that’
the values of insertion loss and pressure drop are only applicable when the flow entering the silencer is
smooth. If the airflow entering the silencer is significantly disturbed, as may be the case when upstream
duct fittings are close to the silencer, the achieved insertion loss will be lessthan that predicted by thisItem
and the pressure loss will be higher than predicted. Care should be taken in the design of the attachment of
the duct to the silencer to ensure smooth flow conditions at both the silencer entrance and exit. If such
smooth flow cannot be achieved an allowance of upto 50 per centincrease! in pressureloss should be made.

Under high temperature conditions sound attenuation will be lower than predicted using this Item. The effect of atemperature riseisto
increase both the speed of sound and, at a given frequency, the wavelength.

T good ductwork design practices are not followed, pressure losses may be higher. Some illustrations of poor duct design and suggested
improvements are given in Table 9.4 of ESDU 82001.

Documents
5 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82002 A 2007


http://www.avadocuments.com/doc/esdu-82002-a-2007
http://www.avadocuments.com/doc/esdu-82002-a-2007

ESDU 82002

End reflection loss should also be accounted for if a silencer is directly connected to the free inlet or
discharge of an axial flow fan. The additional attenuation due to the end reflection losses can be estimated
from Figure 3 of ESDU 81043. Similarly end reflection losses will enhance the attenuation of a silencer
that discharges into a plenum chamber. End reflection losses provide attenuation in the lower octave
frequency bands and are only significant if the free exit areaiis small. However, it should be noted that air
discharging into free space, or a plenum chamber, will result in a pressure loss penalty compared with the
case of asilencer with ducted inlet and outlet.

Dynamic insertion loss data should be used with care when the direction of the airflow is opposite to the
direction of sound propagation. These contra-flow conditions can exist in ducts attached to axial flow fan
inlets and in return air systems. In the absence of specific data for the contra-flow condition, it is
recommended that insertion loss data for a no flow condition be used.

4.2 Rectangular Splitter Silencer Selection

Silencer selection is the choice of a silencer that provides the required insertion loss with an acceptable
pressure loss, and that will fit in the space available. For rectangular splitter silencers, theinsertion lossis
largely determined by the airway width and silencer length, while the pressure loss is largely determined
by the air velocity in the airways. In general, an increase in length or a reduction in airway width will
increase the insertion loss of the silencer but, if the airway width is reduced, it may be necessary to add
splitter modules or increase the airway height to keep the pressure loss acceptable. Where a choice is
available, the longer silencer will generally be more economical. In selecting the silencer cross section, :
care should be taken to achieve an aerodynamically efficient transformation to the adjacent ductwork.

421 Rectangular silencer static insertion loss

In Figures 1 and 2 static insertion loss spectra are provided for arange of values of b/h (see Sketch 4.1)
for silencershaving b = 200 mmand b = 100 mm, respectively. Theleft and right parts of these figures
are used together and each figure may be entered with either a silencer length or an octave band centre
frequency.

To obtain the appropriate silencer geometry for a specified insertion loss in a given octave band, enter the
Figure at the centre frequency of the octave band considered. From the intersection of the frequency line
on the spectrum for the selected b/h ratio, draw aline parallel to the base line. At the intersection of the
drawn line and the required insertion loss, the silencer length can be read on the silencer length scale.
Similarly, if the silencer length is known, enter with that length and, at the intersection with the required
insertion loss, draw the line parallel to the base line to meet the frequency line considered. At this
intersection the required ratio b/h can be interpolated.
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Theuseof Figures1 and 2 isillustrated by the examplein Section 8 and the construction, applicable to that
example, is shown on the Figures.

Thescalesfor IL, inFigures 1 and 2, are terminated at a sound power level of 50 dB because thislevel is
not usually exceeded due to sound flanking transmission paths through the silencer and duct structure.

4.2.2 Airflow generated noise

In Figure 3, airflow generated noise, L, , is plotted against the airway velocity for arange of silencer face
areas. The airway velocity is defined as the mean air velocity, at the minimum airway section, between
silencing elements, and the silencer face areais the gross area of the silencer at the inlet connection (i.e.
width x height shown on Sketch 4.1). Graphica data provided are for the octave bands centred at 63 Hz
and 125 Hz; for other octave bands the appropriate correction, tabulated on Figure 3, should be added to
the 125 Hz band sound power level.
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