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THE ENGINEERING EQUIPMENT AND MATERIALS USERS 
ASSOC I AT1 0 N 

The Engineering Equipment and Materials Users Association-EEMUA-was formed in 1983 
by the Amalgamation of the Oil Companies Materials Association (OCMA) and the Engineering 
Equipment Users Association (EEUA). It is an organisation of substantial purchasers and 
users of engineering products, whose members include leading national and multinational 
companies in the petroleum, gas, chemical and energy industries, and engineering contractors 
that provide services to those companies. A list of Full and Associate Members (the latter 
being limited to membership of three technical committees) is given below. EEMUA is 
concerned with the design, installation, operation and maintenance of the engineering plant 
used by members in pursuing their business activities. 

The Association aims to reduce members' costs by providing the opportunity for them to share 
resources and expertise in order to keep abreast of technological developments and improve 
the effectiveness and efficiency of their engineering activities. EEMUA supports the British 
Standards Institution, works with other institutions, associations, government departments, 
regulatory authorities and the Confederation of British Industry, and is also actively involved 
with other standards-making bodies, both national and international, such as the American 
Petroleum Institute. 

Work, which is carried out in-house by members alone or with the help of other organisations, 
may lead to the production of Association publications. These are prepared primarily for 
members' use, but are usually offered for sale and thus for more general use. Such 
publications may also be submitted, normally through the British Standards Institution, as 
bases for appropriate national, European or international standards. 

A list of current EEMUA publications which may be purchased from the Association is given at 
the end of this publication. 
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ABOUT THIS PUBLICATION: LEGAL ASPECTS 

In order to ensure that nothing in this publication can in any manner offend against or 
be affected by the provisions of the Restrictive Trade Practices Act 1976, the 
recommendations which it contains will not take effect until the day following that on 
which its particulars are furnished to the Office of Fair Trading. 

As the subject dealt with seems likely to be of wide interest, this publication is also 
being made available for sale to non-members of the Association. Any person who 
encounters an inaccuracy or ambiguity when making use of this publication is asked to 
notify EEMUA without delay so that the matter may be investigated and appropriate 
action taken. 

It has been assumed in the preparation of this publication that the user will ensure 
selection of those parts of its contents appropriate to the intended application, and that 
such selection and application are correctly carried out by appropriately qualified and 
competent persons for whose guidance the publication has been prepared. EEMUA 
does not, and indeed cannot, make any representation or give any warranty or 
guarantee in connection with material contained in its publications, and expressly 
disclaims any liability or responsibility for damage or loss resulting from their use. Any 
recommendations contained herein are based on the most authoritative information 
available at the time of writing and on good engineering practice, but it is essential for 
the user to take account of pertinent subsequent developments and/or legislation. 

All rights are reserved. No part of this publication may be reproduced, stored in a 
retrieval system, or transmitted in any form or by any means: electronic, mechanical, 
photocopying, recording or other. 

Infringement of copyright is not only illegal, but also reduces the Association's income 
thereby jeopardising its ability to fund the production of future publications. 
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SUPPLEMENT PO PUBLICATION No. 161 
March 1998. 

ACOUSTIC ENCLOSURES 

Prior to the publication of EEMUA Publication 161 in 1988, Publication 106 : 1985 entitled: 
General Specification for Silencers and Acoustic Enclosures was published. This publication itself 
was the successor to OCMA No. NWG-4 1979. 

The consensus at that time was that the design of Acoustic enclosures was a specialist area 
outside the scope of EEMUA, and consequently the excellent pages on selection and general 
requirements, which was incorporated in Part 5 of Pub 106 were omitted. 

By popular request from users and specifiers of Acoustic enclosures it has now been decided that 
the pages of Part 5 should be reinstated within this publication. 

In order to further assist specifiers we include data extracted from EEMUA Publication No. 103 
which was generally withdrawn as a separate publication in 1988. This was entitled; 
Preliminary Noise Enquiry - A form for Purchasers. It will be found useful when tentative 
requirements are being discussed with potential suppliers. 

It is not intended to confuse those readers who still retain and use Pub 106. However in order not 
to duplicate numbers used in Publication 161, this supplement starts at Part 10 which will be found 
to follow Part 5 of the old Publication No. 106. 

+nclosures, Page No. 1 



ACOUSTIC ENCLOSURES 

PART 10. ACOUSTIC ENCLOSURES FOR MACHINES. 

10.1 Application 

Two general types of acoustic enclosure are considered in this specification. 

. .  
(a) -where access to the machine for routine operation is from 

outside the enclosure and is obtained through hatches or removable panels. 

(b) where the operator enters the enclosure for routine operations, 

Note: the noise radiation from piping is not considered in this specification, but should not 
be neglected in the overall noise control design. 

10.2 Acoustic Performance. 

The vendor shall quote the acoustic performance of the enclosure under the design 
operating conditions of the machine. This shall take into consideration all apertures 
including those in the base of the machine. The information shall take the form of either: 

(a) 

(b) 

The insertion loss in octave-bands from 31.5 Hz to 8 kHz, 
or, 
The sound power level of the enclosed equipment in octave-bands from 31.5 Hz to 
8kHz. 

10.3 Materials of Construction. 

Unless otherwise specified by, or agreed with the purchaser, the enclosure shall be 
constructed from galvanised mild steel, except for sealing, the vibration damping material 
and materials required to make the unit impervious to moisture. 

10.4 Weather and Corrosion Protection. 

All steel surfaces shall have adequate weather and corrosion protection and the vendor 
shall provide information of the protection to be provided. The purchaser may specify a 
particular protection for certain locations. Designs for outdoor use should avoid horizontal 
roofs on which rainwater can accumulate. 

10.5 Sound Absorption Filling. 

As noted the general construction shall use galvanised mild steel (unless specified in other 
materials such as reinforced glass fibre) Glass fibre or mineral wool are the preferred 
materials for the absorption filling. They shall be of low resin content and mineral wool shall 
have a maximum chloride content of 10 ppm. Foam plastic materials are generally non 
preferred due to the uncertainties over the fire risk. However where the material complies 
with BS 476 Part 7(1997), Class 1 for surface spread of flame agreement with the purchaser 
may be appropriate where their application is clearly understood. 

10.6 Impervious Membrane. 

Unless otherwise specified the absorbent filling shall be supplied enclosed in an impervious 
membrane in order to prevent the possibility of hydrocarbon liquids soaking into the filing. 

Enclosures, Page No. 2 



10.7 Assembling and Dismantling. 

Where specified by the purchaser, the enclosure shall be constructed so that it can be 
easily and repeatedly dismantled for major overhauls of machine and can then be re- 
assembled without impairing its acoustic properties (and pressure sealing where purging 
is known to be a requirement). The design shall be such that this can be done by local 
personnel without specialised assistance. 

10.8 Lifting Requirements. 

The vendor shall indicate when lifting gear is necessary for dismantling and assembling, 
and shall provide lifting lugs where appropriate. 

10.9 Panel Joints. 

Panel joints, the joints between the enclosure and the ground, and any openings for pipes, 
shafts or cables shall be adequately sealed to prevent the escape of noise. Preferably, this 
should be done with rubber type seals, steel capping strips or purpose made seals. Mastic 
is to be avoided where possible. 

10.1 0 Vibration Isolation. 

The enclosure should be isolated from vibrations due to the machine or its associated 
pipes, cables etc. 

4 0.1 1 Access Doors. 

Access doors and hatches shall be hinged and their fittings shall be sufficiently robust to 
withstand frequent opening and closing. they shall have adequate seals which will retain 
a good fit after frequent use and can easily be replaced. 

10.12 Panic-action Doors. 

For large enclosures it shall always be possible to open the doors from the inside 
regardless of external door catches or fastenings. The position of doors shall be clearly 
marked, both inside and outside. 

10.1 3 Ventilation and Purging. 

Enclosures may need to be ventilated or purged to remove dissipated heat or for other 
considerations such as removal of flammable vapours. In cases where ventilation equipment 
is not being supplied as part of the contract, the vendor will nevertheless indicate the 
minimum and maximum pressures that the enclosure is designed to withstand safely during 
any ventilation and/or purging procedures. Where the contract includes the means for 
purging and/or pressurisation the purchaser shall specify the heat dissipation requirements 
and information relevant to dispersal of flammable vapours. The ventilation shall be 
adequately silenced. 
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10.14 Details to be agreed between Purchaser and Vendor. 

The following details shall be agreed: 
Dimensions of enclosure. 
The required acoustic performance. 
Position of observation windows. 
Position of doors or hatches. 
Ventilation, including details of heat dissipation of the equipment and 
possible presence of flammable vapours, and silencing of the ventilation 
system. 
Openings for pipes, shafts, cables etc. 
Connections to external acoustic lagging used for pipework. 
The positioning or repositioning of instruments, where necessary. 
Lighting requirements both internal and external. 
Weights of demountable sections, access doors and balance weights (if any). 
The absorption material to be used and details of the impervious membrane. 
Minimum (below atmosphere) and maximum (above atmosphere) operating 
pressures for the enclosure. 
Operating environment, indoors, outdoors, climate, ambient temperature 
range, wind speed etc. 

Enclosures, Page No. 4 
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A. EQUIPMENT TO BE 
SILENCED 

Sound-pressure level I 
2. Re4y ired acoustic Perfo rmance of Equipment 

* Silenced sound-power level (dB) 
Silenced sound-pressure level (dB) 

Insertion loss (d B) 

Plant: 
Type of equipment: 
Itemltag No: 

E. VENT1 LATlONlLlGHTlNG. 
1, Ventilation to be suplied by: Vendorlpurchaser. 
2. Type of ventilation: Forced/natural/induced. 

3. Access doors: Yeslno. 3. Number of air changes per hour: 
4. Removable panels: Yeslno. 4. Spare fan required: Yeslno. 
5. Minimum clearance between equipment and 5. Lighting required: Y eslno. 

(give details) 
6. Area classification, or explosion protection type 

required for fan motors and/or lighting. 

F. CONSTRUCTION. Drawing to be attached. 
1. Operating environment(c1imate): 
2. Is construction single composite, lift off type: 

Yeslno. 
3. Maximum weight if  relevant: ..... (Kg) 
4 .  Is impervious membrane required: Yeslno. 
5. Openings for pipes, shafts,cables etc. 

6. Connections for external lagging (See drawing). 
7. Design internal pressure: ...... (bar.abs) 

H. REMARKS. 

(See drawing). 

1. Noise level measurements to be agreed between vendor and purchaser 
2. Sound Pressure levels to be quoted with reference to 2 X 10-5 Nlm'. 
3. Sound-power levels to be quoted with reference to 10'" W. 

G. SAFETY. 
1. Is gas-monitoring system required: Yeslno. 
2. Is it to be supplied by: Vendorlot hers. 

3. Is a Fire-fighting system required: 
4. Is it to be supplied by: 

Yeslno. 
Vendorlothers. 
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MODEL DATA SHEET FOR ACOUSTIC ENCLOSURES. 

Octave-band centre frequency. (Hz) 
1. * Sound-power level of silenced 

2.* Sound-pressure level of silenced 
equipment. (dB) 

equipment. (d B) 

PART 2. INFORMATION TO BE SUPPLIED BY THE VENDOR 

31.5 

A. DESIGN DETAILS. 
1. A drawing showing dimensions, materials of construction, windows and access to the interior. 
2. Type of absorption filling, method of retention and impervious membrane. 
3. Surface protection, external and internal. 
4. Assembly and dismantling details and lifting arrangements. 
5. Method used to seal panel joints. 
6. Total transport weight. To include all items to be supplied. 
7. Method adopted to achieve vibration isolation from internal equipment and pipework. 
8. Details of access door construction. To show panic access details, hinges and catches. 

3.* Insertion loss. (dB) I E 
4. Designated measuring positions to be shown on a dimensioned sketch to be attached. 
5. Validity of acoustic data. Is this based on: (a) estimates or (b) on measured values. 
6. Details of noise measuring procedures used is also to be included. 

RELEVANT NOTES AND REMARKS. 

Enclosures, Page No. 6 

~ - ~ 



PRELIMINARY NOISE ENQUIRY 

The details considered here enable a dialogue to be established between Purchaser and potential Vendor. 
The preliminary details to be supplied will assist the user to assess the noise of equipment which may be 
purchased. This is particularly important where it is likely to be operated in a noise sensitive environment.lt 
will also assist in making decisions as to the need for sound reduction measures. 

The importance of correct noise assessment is emphasised, particularly in the light of proposed legislation. 
The added impact of an additional item of noisy equipment in an enclosed space, or where it may contribute 
to neighbourhood noise, should not be overlooked. 

It is not intended that the replies have a contractual basis at this stage, but they may subsequently be 
incorporated into any form of contract resulting from this preliminary survey. Consequently they should be 
capable of verification. 

1) EQUIPMENT. 
Description: 

Supplier: 

Type: 

Power (kW): 

Approx.dimensions: _..___ 

2) SOUND PRESSURE LEVELS: a) At 1 metre from surface: __ (d B) 

b) At nearest operator: 
(if distance known) 

3) TYPE OF NOISE. 

(a) Does it contain pure tones or narrow band components 
which are a noticeable feature of the total noise as 
judged by ear (e.g. whine or hum)? 

Yes, 
N O !  

(b) Does it contain impulsive components (e.g. clanks or bangs)? Yes, __ 
No ___ 

4) TEST CONDITIONS. 

(a) Under what conditions was the equipment operating during the noise tests. 
Append a list to include speed, power and any other relevant detail. 

(b) The maximum noise may not occur at maximum load. 
Append details relevant to occurrence of maximum noise level 

(c) Environmental conditions during test: (0 Open air. 
Give approximate dimensions if (ii) or (iii) (ii) In large factory. 

(iii) In relatively small room 

5) NOISE MEASUREMENT METHOD. 

What noise level test method was used to establish the figures provided? 

6) OTHER EQUIPMENT. 

Do you supply this type of equipment in other versions having different noise levels? 
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1. INTRODUCTION 

I n d u s t r i a l  i n s t a l l a t i o n s  u s e  s i l e n c e r s  f o r  a w i d e  v a r i e t y  o f  
a p p l i c a t i o n s  t o  r e d u c e  t h e  n o i s e  f rom m a c h i n e s  a n d  f l u i d - f l o w  
s y s t e m s .  They  may r a n g e  f rom d e v i c e s  s m a l l  e n o u g h  t o  h o l d  i n  t h e  
h a n d  - f o r  u s e  w i t h  p n e u m a t i c  s y s t e m s  o r  t h e  e x h a u s t s  of s m a l l  
i n t e r n a l - c o m b u s t i o n  e n g i n e s  - t o  i n s t a l l a t i o n s  w e i g h i n g  s e v e r a l  
t o n n e s  f o r  l a r g e  steam v e n t s  i n  power s t a t i o n s  o r  t h e  e x h a u s t s  o f  
g a s - t u r b i n e  g e n e r a t o r s .  I n  a l l  t h e s e  a p p l i c a t i o n s ,  t h e  e s s e n t i a l  
f e a t u r e  o f  a s i l e n c e r  i s  t h a t  i t  a l lows  t h e  f l o w  o f  a g a s  a n d  r e d u c e s  
t h e  t r a n s m i s s i o n  o f  a c o u s t i c  e n e r g y ;  i t  may t h e r e f o r e  be  
d i s t i n g u i s h e d  from a n  a c o u s t i c  e n c l o s u r e ,  w h e r e  g a s  f l o w ,  s a y ,  f o r  
c o o l i n g  o r  p u r g i n g ,  i s  a s e c o n d a r y  f e a t u r e .  

T h e  p r i m a r y  p u r p o s e  o f  a s i l e n c e r  is  t o  r e d u c e  n o i s e  t o  some r e q u i r e d  
l e v e l ,  s o  t h e  co r rec t  s p e f c i f i c a t i o n  o f  i t s  a c o u s t i c  p r o p e r t i e s  i s  
t h e  e s s e n t i a l  a s p e c t  o f  i t s  p u r c h a s e .  O t h e r  a s p e c t s ,  h o w e v e r ,  c a n  
be e q u a l l y  i m p o r t a n t ;  f o r  e x a m p l e ,  i t s  o p e r a t i o n a l  l i f e ,  i t s  
p o s s i b l e  e f f e c t  on t h e  f l u i d  f l o w ,  i t s  s a f e t y  f e a t u r e s  i n  p r e s s u r e  
s y s t e m s ,  i t s  c o m p a t i b i l i t y  w i t h  t h e  f l u i d  and  o p e r a t i o n  of t h e  p l a n t .  
T h e  s i g n i f i c a n c e  o f  t h e s e  f a c t o r s  w i l l  d e p e n d  upon  t h e  p a r t i c u l a r  
a p p l i c a t i o n .  I f  t h e  s i l e n c e r  i t s e l f  i s  e x p e n s i v e ,  o r  i f  i t s  
r e p l a c e m e n t  c a u s e s  a n  e x p e n s i v e  s h u t d o w n  of  the  p l a n t ,  t h e  o p e r a t i n g  
l i f e  w i l l  b e  of i m p o r t a n c e  a n d  t h i s  w i l l  mean a c a r e f u l  s p e c i f i c a t i o n  
o f  t h e  ma te r i a l s  o f  c o n s t r u c t i o n ,  i t s  w e a t h e r  p r o t e c t i o n  i n  o u t d o o r  
o p e r a t i o n ,  a n d  i t s  ease o f  r e p l a c e m e n t .  I f  i t  i s  a s s o c i a t e d  w i t h  
e x p e n s i v e  e q u i p m e n t ,  t h e  e f f e c t  o f  damage t o  t h e  e q u i p m e n t  c a u s e d  by 
a n y  d i s i n t e g r a t i o n  o f  t h e  s i l e n c e r  must  be c o n s i d e r e d .  S o  a c a r e f u l  
s p e c i f i c a t i o n  o f  t h e  c o n s t r u c t i o n  of t h e  s i l e n c e r  c a n  be  a s  i m p o r t a n t  
a s  i t s  a c o u s t i c  s p e c i f i c a t i o n .  

A s i l e n c e r  may be  i n s t a l l e d  t o  r e d u c e  t h e  n o i s e  l e v e l  i n s i d e  a p l a n t ,  
f o r  h e a r i n g  c o n s e r v a t i o n  o r  t o  i m p r o v e  s p e e c h  c o m m u n i c a t i o n ;  o r  i t  
may be  i n s t a l l e d  t o  r e d u c e  e n v i r o n m e n t a l  n o i s e  t o  a v o i d  a n n o y a n c e  t o  
n e i g h b o u r s .  I n  e i t h e r  case ,  t h e  s i l e n c e r  w i l l  be r e q u i r e d  t o  r e d u c e  
t h e  n o i s e  l e v e l  i n  dB(A) a t  o n e  o r  more l o c a t i o n s .  B u t  i f  t h e  n o i s e  
s o u r c e  c o n t a i n s  t o n a l  c o m p o n e n t s  t h e s e  w i l l  r e q u i r e  a d d i t i o n a l  
c o n s i d e r a t i o n  so t h a t  t h e y  a r e  r e d u c e d  t o  a l e v e l  w h e r e  t h e y  a r e  
m a s k e d  b y  t h e  b road-band  n o i s e .  T h i s  i s  d i s c u s s e d  i n  S e c t i o n  6 . 1 . 5  
a n d  i t  means  t h a t  t h e  a c o u s t i c  p r o p e r t i e s  of  s i l e n c e r s  h a v e  t o  be 
s p e c i f i e d  i n  more d e t a i l .  

T h e r e  a r e  v a r i o u s  t y p e s  o f  s i l e n c e r s  and  i t  i s  u s e f u l  t o  h a v e  a b a s i c  
u n d e r s t a n d i n g  o f  how t h e y  o p e r a t e  and  t h e  t y p i c a l  a p p l i c a t i o n s  i n  
w h i c h  t h e y  a r e  u s e d ,  s o  t h a t  t h e  a p p r o p r i a t e  t y p e  c a n  be s e l e c t e d  f o r  
a p a r t i c u l a r  a p p l i c a t i o n .  S e c t i o n  3 o f  t h i s  g u i d e  t h e r e f o r e  g i v e s  a 
b r i e f  d e s c r i p t i o n  of t h e  d i f f e r e n t  b a s i c  t y p e s  f o r  t h e  b e n e f i t  o f  t h e  
n o n - s p e c i a l i s t  e n g i n e e r .  

T h e  s t r u c t u r e  of t h i s  g u i d e  i s  b a s e d  m a i n l y  on  t h e  a p p l i c a t i o n s  f o r  
w h i c h  s i l e n c e r s  may b e  u s e d ,  and  f o r  e a c h  a p p l i c a t i o n  t h e r e  i s  a 
s u m m a r y  o f  t h e  m a i n  f e a t u r e s  o f  t h e  s i l e n c e r  w h i c h  m u s t  be  c o n s i d e r e d  
i n  i t s  s e l e c t i o n .  Many o f  t h e s e  f e a t u r e s  a r e  common t o  d i f f e r e n t  
a p p l i c a t i o n s  a n d  t h e y  a r e  o n l y  g i v e n  a s  h e a d i n g s  t o  a v o i d  r e p e t i t i o n  
i n  t h e  a p p r o p r i a t e  s e c t i o n s ;  a m o r e  d e t a i l e d  d i s c u s s i o n  o f  t h e  
m e c h a n i c a l  c o n s i d e r a t i o n s  i s  g i v e n  i n  S e c t i o n  5 .  
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S e c t i o n  6 g i v c s  d e t a i l s  of  tlic a c o u s t i c  r e q u i r e m e n t s  w h i c h  a r e  
n e c e s s a r y  f o r  s p ~ c i f y i n g  a s i l e n c e r  Cor a p a r t i c u l a r  a p p l i c a t i o n :  i t  
i n d i c a t e s  t h e  a c o u s t i c  p a r a m e t e r s  t o  be s p e c i  € i c d  a n d  m e t h o d s  f o r  
t e s t i n g  t h e  s i l e n c e r  when i t  i s  i n  o p e r a t i o n .  

A p p e n d i x  A g i v e s  a g l o s s a r y  of t h e  a c o u s t i c  t e rms  u s e d  i n  t h i s  
d o c u m e n t ,  a n d  A p p e n d i x  B g i v e s  a m o d e l  s p e c i f i c a t i o n  f o r  a s i l e n c e r  
t o  p r o v i d e  a g u i d e  f o r  a p u r c h a s e  s p e c i f i c a t i o n .  

I t  i s  n o t  i n t e n d e d  t h a t  t h i s  g u i d e  s h o u l d  b e  a t e x t b o o k  o n  t h e  
d e t a i l e d  d e s i g n  of  s i l e n c e r s :  t h i s  i s  a n  a s p e c t  w h i c h  is  b e s t  l e f t  
t o  t h e  m a n u f a c t u r e r  a n d  s p e c i a l i s t  a c o u s t i c s  e n g i n e e r .  B u t  by 
g i v i n g  a b e t t e r  u n d e r s t a n d i n g  o f  t h e i r  a c o u s r i c  a n d  m e c h a n i c a l  
f e a t u r e s ,  i t  i s  h o p e d  t h a t  a p u r c h a s e r  w i l l  b e  a b l e  t o  s p e c i f y  a n d  
r e c e i v e  s i l e n c e r s  w h i c h  meet a l l  t h e  r e q u i r e m e n t s  of his p l a n t -  A 
d e t a i l e d  a n d  r e a l i s t i c  s p e c i f i c a t i o n  f rom t h e  p u r c h a s e r  of h i s  
p r e c i s e  r e q u i r e m e n t s  s h o u l d  be of  m u t u a l  b e n e f i t  t o  b o t h  t h e  
m a n u f a c t u r e r  a n d  t h e  p u r c h a s e r .  

T h i s  g u i d e  d e a l s  o n l y  w i t h  t h e  s i t u a t i o n  w h e r e  t h e  i n s t a l l a t i o n  o f  a 
s i l e n c e r  i s  f o u n d  t o  b e  t h e  m o s t  s u i t a b l e  means  of  n o i s e  r e d u c t i o n .  
B u t  i t  may n o t  he  t h e  o n l y  o p t i o n ,  a n d  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  
t o  o t h e r  p o s s i b i l i t i e s ;  f o r  e x a m p l e ,  u s i n g  a c o u s t i c  i n s u l a t i o n ,  o r  
c h o o s i n g  a l t e r n a t i v e  e q u i p m e n t  w h i c h  e m i t s  l ess  n o i s e  ( s u c h  as  v a l v e s  
w i t h  l o w - n o i s e  t r i m s  o r  f a n s  w i t h  l o w c r  t i p  s p e e d s ) .  T h e  b e s t  
c h o i c e  w i l l  d e p e n d  on e c o n o m i c  a n d  o p e r a t i o n a l  f a c t o r s  a n d  i t  i s  n o t  
w i t h i n  t h e  s c o p e  of  t h i s  documen t  t o  d i s c u s s  how t h i s  s h o u l d  be made .  

However, i t  i s  w o r t h  e m p h a s i s i n g  t h e  i m p o r t a n r c  of m a k i n g  t h i s  c h o i c e  
a t  t h e  d e s i r n  s t a g e  s o  t h a t  spacc a n d  i n s t a l l a t i o n  r e q u i r e m e n t s  a r e  
c o n s i d e r e d  i n  t h e  l a y o u t ;  l a t c r  d e c i s i o n s  can 1 ) ~  much more e x p e n s i v e  
a n d ,  p o s s i b l y ,  less e f f e c t i v e .  
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SCOPE 

T h i s  d o c u m e n t  i s  i n t e n d e d  a s  a g u i d e  t o  t h e  s e l e c t i o n  o f  s i l e n c e r s  
w h i c h  a r e  a p p r o p r i a t e  f o r  u s e  w i t h  v a r i o u s  n o i s e  s o u r c e s .  I t  i s  
a i m e d  a t  t h e  p r a c t i s i n g  e n g i n e e r  w i t h  a l i m i t e d  k n o w l e d g e  o f  
a c o u s t i c s  t o  a s s i s t  i n  t h e  s p e c i f i c a t i o n  of  t h e  mos t  s u i t a b l e  
s i l e n c e r  f o r  a p a r t i c u l a r  p u r p o s e  a n d  t o  a s s e s s  i t s  o p e r a t i o n  when i t  
i s  i n s t a l l e d .  I n  a d d i t i o n  i t  s h o u l d  a s s i s t  h i m  i n  r e v i e w i n g  
d i f f e r i n g  p r o p o s a l s  s u b m i t t e d  by v e n d o r s .  However ,  t h e  e x p e r i e n c e d  
a c o u s t i c  e n g i n e e r  may a l s o  f i n d  i t  u s e f u l  as  a n  a i d e - m e m o i r e .  

T h e  g u i d e  p l a c e s  c o n s i d e r a b l e  e m p h a s i s  o n  t h e  m e c h a n i c a l  a s p e c t s  o f  
s i l e n c e r s  w h i c h  h a v e  t o  b e  c o n s i d e r e d  f o r  v a r i o u s  a p p l i c a t i o n s  s o  
t h a t  d u e  c o n s i d e r a t i o n  c a n  b e  g i v e n  t o  e n g i n e e r i n g  d e s i g n ,  
o p e r a t i o n a l  a s p e c t s ,  s a f e t y ,  a n d  c o s t .  
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3 .  

3.1 

3.2 

TYPES OF SILENCERS 

T h i s  s e c t i o n  g ives  a g e n e r a l  d e s c r i p t i o n  o f  t h e  v a r i o u s  t y p e s  of  
s i l e n c e r s  w h i c h  w i l l  be d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  I t  is 
i n t e n d e d  t o  s e r v e  a s  a d e f i n i t i o n  o €  t h e  terms t o  be u s e d  a n d  as a n  
i n t r o d u c t i o n  t o  the e n g i n e e r  who is  u n f a m i l i a r  w f t h  t h e  p r i n c i p l e s  o n  
w h i c h  s i l e n c e r s  o p e r a t e .  

R e a c t i v e  Silencers 

A r e a c t i v e  s i l e n c e r  c o n s i s t s  o f  o n e  o r  more c h a m b e r s  w h i c h  g i v e  
c h a n g e s  i n  volume a n d  r e s t r i c t i o n s  i n  t h e  d u c t  so  t h a t  t h e r e  is a 
c h a n g e  i n  t h e  a c o u s t i c  i m p e d a n c e  of t h e  t o t a l  s y s t e m  of s o u r c e  a n d  
s i l e n c e r .  T h i s  i s  a n a l o g o u s  t o  a n  e l e c t r i c a l  c i r c u i t  a n d  a n  
a p p r o p r i a t e  c h a n g e  i n  i m p e d a n c e  c a n  r e d u c e  t h e  s o u n d  power  g e n e r a t e d .  
B u t ,  i n  some cases ,  a n  i n c o r r e c t  d e s i g n  may e v e n  i n c r e a s e  t h e  s o u n d  
p o w e r  o u t p u t  o f  t h e  t o t a l  s y s t e m  ( f o r  e x a m p l e ,  when r e s o n a n c e  
o c c u r s ) .  

T h e  b e h a v i o u r  o f  a r e a c t i v e  s i l e n c e r  d e p e n d s  v e r y  m u c h  o n  t h e  
r e l a t i o n s h i p  b e t w e e n  t h e  d i m e n s i o n s  o f  t h c  c h a m b e r s  a n d  t h e  
w a v e l e n g t h s  o f  t h e  n o i s e ,  so i t  i s  s t r o n g l y  f r e q u e n c y  d e p e n d e n t ;  a 
s i n g l e  chamber,  f o r  e x a m p l e ,  i s  o n l y  e f f e c t i v e  o v e r  a n a r r o w  r a n g e  of 
f r e q u e n c i e s .  To e x t e n d  t h e  r a n g e  o f  f r e q u e n c i e s  t h e  s i l e n c e r  may 
t h e r e f o r e  be d e s i g n e d  w i t h  s e v e r a l  c h a m b e r s  o f  d i f f e r e n t  d i m e n s i o n s .  
T h e  r e l a t i o n s h i p  b e t w e e n  f r e q u e n c y  a n d  d i m e n s i o n  means  t h a t ,  f o r  
s i l e n c e r s  o f  p r a c t i c a l  d i m e n s i o n s ,  r e a c t i v e  s i l e n c e r s  a r e  m o s t  
e f f e c t i v e  f o r  r e d u c i n g  l o w - f r e q u e n c y  n o i s e .  T h e i r  n a r r o w  f r e q u e n c y  
r a n g e  c a n  sometimes b e  u s e f u l  when t h e  n o i s e  has  d i s t i n c t  c o m p o n e n t s  
( f r o m ,  s a y ,  a r e c j p r o c a t i n g  m a c h i n e )  o r  when i t  c o n t a i n s  p u l s a t i o n s .  

( S e e  F i g .  1 . )  

A b s o r p t i v e  Silencers 

A b s o r p t i v e  s i l e n c e r s  d e p e n d  o n  t h e  s o u n d  e n e r g y  b e i n g  a b s o r b e d  i n  
l a y e r s  o f  f i b r o u s  o r  p o r o u s  m a t e r i a l s .  T h e  f r a c t i o n  of t h e  s o u n d  
e n e r g y  a b s o r b e d  b y  t h e  m a t e r i a l  g e n e r a l l y  i n c r e a s e s  w i t h  f r e q u e n c y  s o  
t h a t  a b s o r p t i v e  s i l e n c e r s  a r e  less e f f e c t i v e  a t  l o w  f r e q u e n c i e s  a n d  
become more e f f i c i e n t  a s  t h e  f r e q u e n c y  i n c r e a s e s .  

T h e y  a r e  t h e r e f o r e  e f f e c t i v e  o v e r  a w i d e  r a n g e  o f  f r e q u e n c i e s ;  t h e  
l o w - f r e q u e n c y  b e h a v i o u r  o f  t h e  a b s o r p t i v e  m a t e r i a l  c a n  h e  e n h a n c e d  b y  
a c a r e f u l  c h o i c e  of t h e  m a t e r i a l  t h i c k n e s s  a n d  t he  s e p a r a t i o n  of t h e  
a b s o r p t i v e  l a y e r s .  S o  a b s o r p t i v e  s i l e n c e r s  v a r y  i n  d e s i g n  f r o m  a 
s i m p l e  d u c t  w i t h  a n  i n t e r n a l  l i n i n g  o f  f i b r o u s  o r  p o r o u s  m a t e r i a l  t o  
a m u l t i p l e  s a n d w i c h  of a l t e r n a t e  a b s o r p t i v e  l a y e r s  a n d  o p e n  s p a c e s  
f o r  t h e  p a s s a g e  of gases  ( o f t e n  c a l l e d  ' s p l i t t e r  s i l e n c e r s ' ) .  

When good  l o w - f r e q u e n c y  p e r f o r m a n c e  i s  r e q u i r e d  ( f o r  e x a m p l e ,  i n  
s i  l e n c i n g  g a s - t u r b i n e  e x h a u s t s )  a n d  a n  a b s o r p t i v e  s i l e n c e r  i s  t h e  
o n l y  p r a c t i c a l  o p t i o n ,  i t  may b e  n e c e s s a r y  t o  use t h i c k  l a y e r s  o f  
a b s o r p t i v e  f i l l i n g  w i t h  w i d e  s p a c i n g s ,  a n d  t h i s  c a n  l e a d  t o  a 
s i l e n c e r  w i t h  l a r g e  d i m e n s i o n s .  
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The a b s o r p t i o n  of  n o i s e  depends  o n  t h e  sound waves p a s s i n g  t h r o u r h  
t h e  m a t e r i a l  and be ing  c o n v e r t e d  t o  h e a t  e n e r g y  by f r i c t i o n  s o  i t  i s  
i m p o r t a n t  t h a t  t h e  m a t e r i a l  shou ld  p e r m i t  t h e  p a s s a g e  o f  t h e  sound 
w a v e s .  C l a s s  f i b r e ,  m i n e r a l  wool and o p e n - c e l l  p l a s t i c  foams a re  
commonly used ,  depend ing  on  t h e  o p e r a t i n g  env i ronmen t  o f  t h e  s i l e n c e r .  

H i g h - p r e s s u r e  g a s e s  c a u s e  a c o n s i d e r a b l e  r e d u c t i o n  i n  t h e  per formance  
o f  a b s o r p t i v e  s i l e n c e r s .  So when a n  i n - l i n e  s i l e n c e r  i s  used  i n  a 
h i g h - p r e s s u r e  sys t em i t  i s  i m p o r t a n t  t o  a p p r e c i a t e  t h a t  i t s  q u o t e d  
p e r f o r m a n c e  is  l i k e l y  t o  r e f e r  t o  l o w - p r e s s u r e  a p p l i c a t i o n s  and may 
n o t  g i v e  a t r u e  i n d i c a t i o n  of i t s  a c t u a l  pe r fo rmance .  (See  F i g .  2 . )  

3.3  R e a c t i v e / A b s o r p t i v e  Combinations 

R e a c t i v e  and a b s o r p t i v e  s i l e n c e r s  have  complementary  p r o p e r t i e s  i n  
terms o f  t h e i r  b e h a v i o u r  w i t h  f r e q u e n c y ;  t h e  former  a r e  most 
e f f e c t i v e  a t  low f r e q u e n c i e s  and t h e  l a t t e r  a t  h i g h  f r e q u e n c i e s .  By 
combining  t h e s e  p r o p e r t i e s  a s i l e n c e r  c a n  be  d e s i g n e d  t o  ex tend  t h e  
f r e q u e n c y  range  i n  which i t  is  e f f e c t i v e .  

The s i m p l e s t  t y p e  of  c o m b i n a t i o n  i s  t h e  plenum chamber,  which i s  
b a s i c a l l y  a box i n  w h i c h  t h e  f l o w i n g  g a s  e n t e r s  and  l e a v e s  o n  
o p p o s i t e  s i d e s  s o  t h a t  i t  unde rgoes  a change  o f  d i r e c t i o n .  T h e  
f r e q u e n c y  r a n g e  o f  i t s  r e a c t i v e  p r o p e r t i e s  a s  a chamber  c a n  be  
e x t e n d e d  by l i n i n g  t h e  i n t e r i o r  w a l l s  w i t h  a n  a b s o r p t i v e  m a t e r i a l .  
O t h e r  combina t ions  c o n s i s t  of r e a c t i v e  and a b s o r p t i v e  s e c t i o n s  b e i n g  
p l a c e d  i n  s e r i e s  i n  t h e  s i l e n c e r  ( t h e  more e x p e n s i v e  c a r  s i l e n c e r s  
u s e  t h i s  p r i n c i p l e ,  f o r  example ) .  ( S e e  F i g .  3 . )  

3.4 n e l m h o l t z  R e s o n a t o r s  

A Helmhol tz  r e s o n a t o r  d i f f e r s  from t h e  s i l e n c e r s  d e s c r i b e d  above i n  
t h a t  i t  i s  i n s t a l l e d  a s  a c l o s e d  s i d e  arm t o  t h e  d u c t  a n d  t h e r e  i s  n o  
n e t  f l o w  o f  g a s  t h rough  i t .  I t s  e s s e n t i a l  f ea tu r r . s  a r e  a narrow 
p a s s a g e  l e a d i n g  i n t o  a l a r g e  c a v i t y  and t h e  r e l a t i v c  d imens ions  of 
t h e s e  d e t e r m i n e  a r e s o n a n t  f r e q u e n c y  a t  w h i c h  t h e  s i l e n c e r  w i l l  
r e d u c e  t h e  o v e r a l l  s o u n d  e n e r g y .  The r e s o n a n t  r e s p o n s e  of the c a v i t y  
r e d u c e s  sound ene rgy  i n  a narrow band of  f r e q u e n c i e s  o n l y .  

B e c a u s e  o f  t h e  narrow f r e q u e n c y  r ange  o v e r  w h i c h  i t  i s  e f f c c t i v e ,  t h e  
Helml io l tz  r e s o n a t o r  h a s  a l i m i t e d  a p p l i c a t i o n  f o r  most i n d u s t r i a l  
p u r p o s e s ,  a l t h o u g h  i t  may be  u s e f u l  i n  c a s e s  wlicrc  t l i c r e  i s  a 
p rominent  s i n g l e  tone  t o  be s i l e n c e d .  (See  F i g .  ‘ 4 . )  

3.5 D i f f u s e r  S i l e n c e r s  

T h e s e  depend  o n  t h e  a b s o r p t i o n  of sound e n e r g y  by f r i c t i o n  l o s s e s  a s  
t h e  g a s  f l o w  p a s s e s  t h r o u g h  a l a b y r i n t h  o f  p a s s a g e s  i n  a p o r o u s  
m a t e r i a l .  The e n e r g y  l o s s  i s  s i m i l a r  i n  p r i n c i p l e  t o  t h a t  i n  
a b s o r p t i v e  m a t e r i a l s  b u t  t h e  d i f f e r e n c e  i s  t h a t  t h e  g a s e s  f l o w  
t h r o u g h  t h e  m a t e r i a l  r a t h e r  t h a n  o v e r  i t .  

T h e  a b s o r p t i v e  m a t e r i a l  may v a r y  from a p a c k i n g  such a s  Raschig  r i n g s  
o r  s t e e l  wool t o  a s i n t e r e d - m e t a l  p l u g ,  d e p e n d i n g  on t h e  volume f low 

F i g .  5 . )  
o f  t h e  g a s  and t h e  a l l o w a b l e  back p r e s s u r e  of t h e  s i l e n c e r .  ( S e c  
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3 " 6  Hultiple+)rifice Silencers 

These silencers consist of many orifices which convert the gas stream 
into a number of jets of  small diameter. The first effect of this 
is t o  change the quality of the n o i s e  so that the maximum of its 
spectrum shifts to higher frequencies; this renders i t  more amenable 
to absorption in an absorptive silencer section or to increased 
attenuation in the air as the noise propagates into the environment. 
A secondary effect is to reduce the total acoustic power o f  the 
source due to interaction between closely-packed jets. 

Multiple-orifice silencers may be installed o n  their own or - more 
commonly - in combination with a following absorptive section. The 
increase in the frequency of the noise then leads to increased noise 
absorption in this section and to higher noise attenuation through 
the pipe walls and any piping insulation. ( S e e  Fig. 6.) 

3.7 Active Noise Control (Anti-Noise) 

An active noise-control device consists of an electronic system which 
reduces the notse radiated from the source by the process of wave 
cancellation. It usually includes detectors, such as microphones or 
accelerometers, a signal processing system with filtering and 
amplification, and cancelline sources, which a r e  generally 
loudspeakers. These radiate n o i s e  equal in power but opposite in 
phase to the source noise. The device is mainly effective for 
low-frequency applications and i t  can be used instead of other types 
of silencers or in conjunction with them. flowever, i t  is not 
generally regarded a s  a silenccr and does not come within the scope 
of this document. 
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4 .  SILENCER APPLICATIONS 

4-1 Venting 

V e n t s  may b e  d i v i d e d  i n t o  two b r o a d  c a t e g o r i e s  i n  terms of b o t h  p l a n t  
o p e r a t i o n  a n d  n o i s e  e m i s s i o n .  

T h e  f i r s t  c a t e g o r y  i n c l u d e s  v e n t s  w h i c h  a r e  u s e d  i n t e r m i t t e n t l y  o r  
r a r e l y ;  f o r  e x a m p l e  e m e r g e n c y  v e n t s ,  o r  blow-down v e n t s  w h i c h  a r e  
o n l y  u s e d  d u r i n g  s t a r t - u p  o r  shut-down o p e r a t i o n s .  I n  most cases  
t h e  a i m  i s  t o  v e n t  t h e  g a s e s  o r  v a p o u r s  a s  q u i c k l y  a s  p o s s i b l e ;  f l o w  
v e l o c i t i e s  a r e  t h e r e f o r e  h i g h  and  t h e  e m e r g e n c y  v a l v e s  o r  b u r s t i n g  
d i s c s  o f f e r  t h e  minimum r e s i s t a n c e  t o  t h e  f l o w .  The main s o u r c e  o f  
noise is  u s u a l l y  t h e  h i g h - v e l o c i t y  j e t  e m e r g i n g  f r o m  t h e  v e n t  t i p .  

T h e  s e c o n d  c a t e g o r y  i n c l u d e s  v e n t s  n s s o c i a t e d  w i t h  p r e s s u r e  l e t - d o w n  
s y s t e m s  o r  p r e s s u r e - c o n t r o l  s y s t e m s ,  w h i c h  may o p e r a t e  c o n t i n u o u s l y  
o r  f r e q u e n t l y .  W i t h  t h e s e ,  t h e  ma in  s o u r c e  o f  n o i s e  i s  more l i k e l y  
t o  b e  t h e  p r e s s u r e - c o n t r o l  v a l v e :  t h e  g a s  v e l o c i t y  a t  t h e  v e n t  t i p  
may b e  r e l a t i v e l y  low a n d  t h e  j e t  n o i s e  i s  i n s i g n i f i c a n t  compared  
w i t h  t h e  v a l v e  n o i s e  e m e r g i n g  f rom t h e  v e n t  t i p .  

T h e  d i f f e r e n c e s  b e t w e e n  t h e s e  c a t e g o r i e s  may r e q u i r e  a d i f f e r e n t  
a p p r o a c h  t o  t h e  n o i s e  r e d u c t i o n .  In t h e  f i r s t  c a s e ,  w h e r e  j e t  n o i s e  
a t  t h e  v e n t  i s  t h e  m a i n  p r o b l e m ,  t h e  most  likely s o l u t i o n  f o r  e x c e s s  
n o i s e  wou ld  be a s i l e n c e r  a t  t h e  v e n t  t i p .  I n  t h e  s c c o n d  c a s e  t h e  
p r e f e r r e d  s o l u t i o n  may b e  a n  i n - l i n e  s i l e n c e r  d o w n s t r e a m  o f  t l i c  
p r e s s u r e - c o n t r o l  v a l v e  t o  r e d u c e  n o t  o n l y  t h e  n o i s e  i s s u i n g  f r o m  tlie 
v e n t  t i p  b u t  a l s o  t h e  b r e a k - o u t  of n o i s e  f r o m  t h e  v e n t  p i p e  i t s e l f .  
I t  i s  a l s o  p o s s i b l e  t h a t  t h e  d i f f e r e n c e  i n  t h e  f r e q u e n c y  o f  o p e r a t i o n  
m a y  l e a d  t o  d i f f e r e n t  n o i s e  l i m i t s  f o r  t h e  v e n t s ;  h i g h e r  n o i s e  
l e v e l s  m a y  h e  a c c e p t a b l e  f o r  e m e r g e n c y  v e n t s  t h a n  f o r  v e n t s  i n  
c o n t i n u o u s  o p e r a t i o n .  

T h e s e  two c a t e g o r i e s  a r e  d e a l t  w i t h  s e p a r a t e l y  b e l o w  b e c a u s e  o f  t h e i r  
d i s t i n c t i v e  r e q u i r e m e n t s ,  b u t  i t  must  be  a p p r e c i a t e d  t l i a t  t h e r e  i s  
c o n s i d e r a b l e  o v e r l a p  b e t w e e n  them a n d  t h e  n o i s c  c o n t r o l  f o r  e a c h  
i n d i v i d u a l  case must  be  b a s e d  on i t s  p a r t i c u l a r  r c q u i r c m e n t s .  

4-1.1 C o n t i n u o u s  Venting 

In t h e  d e s i g n  of a new p l a n t  o r  t h e  d i a g n o s i s  of  a n o i s e  p r o b l e m  i n  
a n  e x i s t i n g  p l a n t ,  a t t e n t i o n  must be c o n c e n t r a t e d  on d c t e r m i n i n g  tlie 
c o n t r i b u t i o n  of  t h e  p r e s s u r e - c o n t r o l  v a l v e  t o  tlic n o i s e  e m i t t e d  by 
tlie v e n t ,  and  a n y  c o n t r i b u t i o n  f r o m  t h e  v e n t  p i p e  i t s e l f .  T h i s  w i l l  
i n d i c a t e  t h e  most  s u i t a b l e  p o s i t i o n  f o r  t h e  s i  l e n c e r s ;  w h e t h e r  near 
t o  the  v a l v e  o r  a t  t h e  v e n t  t i p .  

I t  w i l l  a l s o  i n d i c a t e  w h e t h e r  t h e  s i l e n c e r  c o u l d  be u s e d  a s  p a r t  of  
tlie p r e s s u r e - r e d u c t i o n  s y s t e m  o r  t o  c h a n g e  t h e  f r e q u e n c y  o €  t h e  n o i s e  
( s u g g e s t i n g  t he  u s e ,  f o r  e x a m p l e ,  o f  m u l t i p l e - o r i f i c e  p l a t e s ) .  

The f o l l o w i n g  a s p e c t s  s h o u l d  be c o n s i d e r e d  i n  tlie s e l e c t i o n  o f  t h e  
s i  l e n c e  r : 
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i >  P r e s s u r e  d i  Fference  l i m i t s  a c r o s s  s i l e n c e r  ( w h e t h e r  maximum o r  
minimum). 

i i )  P r e s s u r e - v e s s e l  c o d e  r e q u i r e m e n t s .  

i i i )  S i  l e n c e r  w e i g h t  a n d  a n y  r e q u i r e m e n t  f o r  a d d i t i o n a l  s u p p o r t i n g  
s t r u c  t LI rc . 

i v )  A v a i l a b l e  space i n  p i p e w o r k  ( f o r  i n - l i n e  s i l e n c e r ) .  

v )  Access € o r  i n s p e c t i o n  a n d  m a i n t e n a n c e .  

v i )  R a j ,  w a t e r  d r a i n a g e .  

v i i )  E f f e c t  o f  o p e r a t i n g  t e m p e r a t u r e  o n  s i l e n c e r  m a t e r i a l s .  

v i i i )  E r o s i o n  of a b s o r p t i v e  l a y e r s  d u e  t o  h i g h  gas v e l o c i t i e s .  

ix) C o r r o s i o n  of  i n t e r n a l  p a r t s  d u e  t o  the p r o c e s s  gas  o r  v a p o u r .  

X I  Envi  roiime n t a 1 CO r r o s  i o n .  

x i )  P o s s i b l e  b l o c k a g e  of  o r i f i c e s  o r  a b s o r p t i v e  m a t e r i a l s  by  
p a r t i c l e s  i n  t h e  g a s  o r  v a p o u r .  

x i i )  Possjble minimum e x i t  v e l o c i t y  a t  v e n t  f o r  e n v i r o n m e n t a l  
d i s p e r s i o n .  

x i i i )  N o i s e  r e C c n c r a t i o n  a t  t h e  s i l e n c e r  e x i t  d u e  t o  h i g h  g a s  
v c l o c i  t y -  

T h e  f o l l o w i n g  t y p e s  o f  s i l e n c e r  may be s u i t a b l e  f o r  t h i s  d u t y :  

i >  A b s o r p t i v e .  

i i )  k 1 u l t i p l e - o r i f i c c  

i i i )  Nul t i p l c - o r i  f i c e / a b s o r p t  i v e  c o m b i n a t i o n s  

i v )  D i f f u s e r s  ( f o r  e x a m p l e ,  R a s c h i d - r i n g  o r  m e t a l - w o o l  p a c k i n g s ) .  

4.1.2 I n f r e q u e n t  o r  Emergency V e n t i n g  

F o r  t h i s  t y p e  of d u t y  t h e  p r e f e r r e d  p o s i t i o n  f o r  t h e  s i l e n c e r  i s  most  
l i k e l y  t o  be o n  the v c n t  t i p  a n d  t h e r e  w i l l  be  a g r e a t e r  e m p h a s i s  on 
m i n i m i s i n g  i t s  r e s t r i c t i o n  t o  the g a s  o r  v a p o u r  f l o w .  

T h e  c o n t r i b u t i o n  of v a l v e  n o i s e  mus t  be  i n v e s t i g a t e d  b u t  may p r o v e  t o  
b e  a s e c o n d a r y  c o n s i d e r a t i o n .  T h e  i n t e r m i t t e n t  u s e  may a l s o  l e a d  t o  
g r e a t e r  c o n d e n s a t i o n  p r o b l e m s  i n  t h e  s i l e n c e r .  

T h e  a s p e c t s  l i s t e d  i n  4 . 1 . 1  s h o u l d  b e  c o n s i d e r e d ,  w i t h  i n c r e a s e d  
e m p h a s i s  on  t h e  f o l l o w i n g :  
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i )  

ii) 

iii) 

iv) 

v> 

vi ) 

vi.i) 

P r e s s u r e  difference limits across silencer (maximum allowable 
for required volume flowrate). F o r  emergency vents i t  may 
not be permitted to install any device which could restrict 
f l o w ,  and this may limit the possible installation of a 
s i  lencer. 

Silencer weight and any requirement for additional supporting 
structure. 

Access For inspection and maintenance. 

Rainwater and condensate drainage. 

Effect of operating temperature on silencer materials. 

E r o s i o n  of absorptive layers due to high gas velocities. 

Corrosion of internal parts due to process gas or vapour, or 
to condensed liquids. 

viii) Environmental corrosion. 

ix) Noise regeneration at silencer exit due to high gas velocity 
( i n  particular, sonic velocities should be avoided). 

The Following type of silencer may be suitable for this duty: 

i> Absorptive. 

ii) hlultiple orifice. 

iii) Multiple orifice/absorptive combinations. 

4.2 Flares 

4.2-1 Elevated  Flares 

With most flares there are two main sources of noise: T h c 
combustion noise from the flame and the jet noise from the steam or 
the high-pressure driving gas used f o r  drawing in combustion a i r .  
Any reduction of the combustion noise will be as a result of a chanpc’ 
in the combustion process and i s  beyond the scope of silencers. B u t  
silencers may be used to control the jet noise From the steam or 
high-pressure gas issuing from the slot of a Coanda-type flare. 
This noise will be mainly high frequency and the silencer w i l i  
consist of some combination of screening and acoustic a h s o r p t  i o n ,  
its shape and size will depend o n  the type of flare tip. 

However, in general, there is only a limited application f o r  r e d u c i n F ,  
flare noise by si lencers - 
The following aspects should be considered in reviewing a p r o p o s c d  
design OF silencer: 

i >  Weight of screen and any additional supporting structure. 
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i i ) Wind l o a d i n g  on s c r e e n .  

i i  i ) C o r r o s i o n .  

4.2.2 

4 . 3  

4.3.1 

i v )  E f f e c t  of h i g h  t e m p e r a t u r e  o n  m a t e r i a l  ( s t e e l  a n d  a b s o r p t i o n  
e l e m e n t s )  . 

V I  P o s s i b l e  m o d i € i c a t i o n  by  t h e  s c r e e n  o f  t h e  f l o w  o f  c o m b u s t i o n  
a i r  t o  t h e  f l a m e .  

v i )  A c o u s t i c  e f f e c t i v e n e s s  of t h e  s c r e e n  ( t h e  n e e d  f o r  f u l l - s c a 1 . e  
n o i s e  t e s t s  s h o u l d  be c o n s i d e r e d ) .  

Ground Flares 

With  f l a r e s  of t h i s  t y p e  t h e  c o m b u s t i o n  n o r m a l l y  o c c u r s  w i t h i n  w a l l s ,  
o p e n  a t  t h e  t o p .  Noise i s  e m i t t e d  f r o m  tlie o p e n  t o p  a n d  f r o m  t h e  
c o m b u s t i o n - a i r  i n l e t s  i n  t h e  w a l l s .  W i t h  t h e  e x c e p t i o n  o f  small  
f l a r e s  i t  i s  n o t  p r a c t i c a l  t o  r e d u c e  t h e  n o i s e  from t h e  o p e n  t o p ,  b u t  
s i l e n c e r s  may be f i t t e d  t o  t h e  a i r  i n l e t s .  T h e s e  w o u l d  he  o f  t h e  
a b s o r p t i v e  t y p e  a n d  t h e  f o l l o w i n g  a s p e c t s  m u s t  be c o n s i d e r e d :  

i )  A d e q u a t e  f l o w  of c o m b u s t i o n  a i r .  

i i )  P r e s s u r e  d r o p  a c r o s s  t h e  s i l e n c e r .  

i i i ) C o r r o s i o n .  

Gas Turbines 

T h e r e  a r e  t h r e e  m a i n  a s p e c t s  t o  c o n s i d e r  when d e a l i n g  w i t h  n o i s e  f r o m  
gas  t u r b i n e s .  

a >  T h e  h i g h - p i t c h e d  n o i s e  from t h e  c o m b u s t i o n  a i r  i n t a k e .  

b )  B r o a d - b a n d  no i sc .  r a d i a t e d  by tlie m a c h i n e r y  c a s i n g .  

c )  T h e  low-p i  t c l i e d  e x h a u s t  r u m b l e  From t h e  p o w e r  t u r b i n e .  

S u p p r e s s i n g  t h e  n o i s e  f r o m  t h e  g a s - g e n e r a t o r  w i l l  r e q u i r e  some f o r m  
o f  e n c l o s u r e .  T h i s  w i l l  i n t r o d u c e  v e n t i l a t i o n / c o o l i n g  r e q u i r e m e n t s  
a n d  t h e s e  may also r e q u i r e  s i l e n c e r s  ( s e e  s e c t i o n  4 . 6 ) .  O t h e r  
a n c i l l a r y  e q u i p m e n t  ( e g  o i l  coolers) may n e e d  some s i l e n c i n g .  V e r y  
s u b s t a n t i a l  s i l e n c e r s  w i l l  n o r m a l l y  be r e q u i r e d  b o t h  f o r  t h e  
g a s - g e n e r a t o r  a i r  i n t a k e  a n d  t h e  p o w e r - t u r b i n e  e x h a u s t .  

Gas-Gencrator I n t a k e  

T h e  i n t a k e  s i l e n c e r  w i l l  b e  l o c a t e d  b e t w e e n  t h e  a i r  f i l t r a t i o n  
h o u s i n g  a n d  t h e  p l e n u m  c h a m b e r  a n d  m i g h t  be a r r a n g e d  h o r i z o n t a l l y  o r  
v e r t i c a l l y ,  d e p e n d i n g  o n  the o v e r a l l  d e s i g n .  T h e  m a i n  p o i n t s  t o  
c o n s i d e r  i n  r e l a t i o n  t o  tlie s i l e n c e r  a r e :  

i )  P r e s s u r e - d r o p  l i m i t a t i o n s  t o  a v o i d  power l o s s .  
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i i )  

i i i )  

i v )  

V I  

v i  ) 

Machinery m a n u f a c t u r e r ' s  recommended l a y o u t  ( e g  minimum 
d i s t a n c e  f r o m  s i l e n c e r  t o  p l enum c h a m b e r  o n  g a s - g e n e r a t o r  
i n t a k e )  and v e l o c i t y  l i m i t a t i o n s .  

C o n s t r u c t i o n  must av0l.d r i v e t s  o r  o t l i e r  f a s t e n i n g s  which may 
become d e t a c h e d  i n  a i r  f low.  

Adequa te  pack ing  and p r o t e c t i o n  of  a b s o r p t i v e  f i l l i n g  t o  a v o i d  
s e v e r e  s e t t l i n g  o r  e r o s i o n .  

B r e a k o u t  f r o m  t h e  s i l e n c e r  c a s i n g  m u s t  be  be  c o n t r o l l e d ,  
p a r t i c u l a r l y  i f  t h e  i n t a k e  i s  o u t s i d e  t h e  main e n c l o s u r e .  

T h e  u s e  of v i b r a t i o n  b r e a k s  between t h e  s i l e n c e r  h o u s i n g  and  
t h e  i n l e t  plenum t o  r e d u c e  flanking noise- 

T h e  m o s t  s u i t a b l e  s i l e n c e r  w i l l  be a n  a b s o r p t i v e  t y p e  i n  t h e  form of  
a s p l i t t e r  s i l e n c e r .  I t  may c o n s i s t  of one  l a r g e  se t  of  s p l i t t e r s  
o r  two sma l l e r  sets which  a r e  o f f s e t  t o  a v o i d  a l i n e  of s i g h t  be tween 
t h e  s p l i t t e r s .  T h e  s i l e n c e r  m u s t  b e  d e s i g n e d  t o  r e d u c e  t h e  
h i g h - f  r equency  t o n e s  due  t o  t h e  b l a d e - p a s s i n g  f r e q u e n c i e s  of  t h e  
compresso r .  

4.3.2 Power-Turbine Exhaust 

A l a r g e  s i l e n c e r  w i l l  be  e s s e n t i a l  i f  a n y  s i g n i f i c a n t  r e d u c t i o n  i n  
t h e  l o w - f r e q u e n c y  r u m b l e  i s  r e q u i r e d .  T h i s  may b e  p o s i t i o n e d  
h o r i z o n t a l l y  o r  v e r t i c a l l y ,  depend ing  o n  t h e  o v e r a l l  d e s i g n .  The  
s i z e  o f  t h e  i n s t a l l a t i o n  ( p a r t i c u l a r l y  f o r  l a r g e  g a s - t u r b i n e s ) ,  and 
t h e  t e m p e r a t u r e ,  v o l u m e ,  a n d  v e l o c i t y  o f  t h e  e x h a u s t  g a s e s  w i l l  
impose  s e v e r e  r e q u i r e m e n t s  on t h e  d e s i g n  o f  t h e  s i l e n c e r .  

The f o l l o w i n g  a s p e c t s  s h o u l d  be c o n s i d e r e d  i n  t h e  s e l e c t i o n  of  a 
si l e n c e r :  

Tempera t u  re 

The  e f f e c t  on t h e  s i l e n c e r  ma te r i a l s  ( c o n s i d e r  t h e  u s e  
of s u i t a b l e  s t e e l  and of  c e r a m i c  f i b r e s  see S e c t i o n  5 . 3 ) .  

The e f f e c t  of t h e r m a l  e x p a n s i o n  o n  t h e  s i l e n c e r  and on 
t r a n s i t i o n  p i e c e s  t o  t h e  mach ine .  

- 

- 

Access  f o r  i n s p e c t i o n  and ma in tenance  ( p r o v i s i o n  of h a t c h e s ) .  

P r o v i s i o n  € o r  r ep lacemen t  of a b s o r p t  i v c  e l e m e n t s  and o t l i e r  
i n t e r n a l  components .  

L i f t i n g  l u g s  f o r  removal  of large components .  

E ros ion  of  t h e  a b s o r p t i v e  e l e m e n t s  due t o  t h e  h i g h  gas 
v e l o c i t i e s  ( c o n s i d e r  t h e  u s e  o f  s t a i n l e s s  s t e e l  m e s h  a n d  
p e r f o r a t e d  p l a t e  t o  p r o t e c t  i n f i l l ) .  
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v i )  C o r r o s i o n  of t h e  i n t e r n a l  p a r t s  d u e  t o  t h e  e x h a u s t  g a s ,  t o  
r a i n w a t e r  a n d  t o  c o n d e n s a t  i o n  d u r i n g  s h u t d o w n s .  

v i i )  E x t e r n a l  c o r r o s i o n  d u e  t o  t h e  e n v i r o n m e n t .  

v i i i )  A v o i d i n g  s e t t l e m e n t  o €  t h e  a b s o r p t i v e  m a t e r i a l  ( e . g .  by  t h e  
u s e  of  d i v i s i o n  p l a t e s  i n  t h e  a h s o r p t i v c  e l e m e n t s ) .  

i x )  T h e  minimum of  j o i n t s  € o r  l o n F  s i l e n c e r s  b u i l t  i n  s e c t i o n s  
( s u i t a b l e  d e s i g n  t o  a v o i d  b l o w n  j o i n t s ) .  

X I  The  m i n i m i s i n g  of  t u r b u l e n c e  i n  t he  f l o w  t h r o u g h  the s i l e n c e r .  

x i )  N o i s e  r e g e n e r a t i o n  a t  t h e  s i l e n c e r  e x i t  d u e  t o  h i g h  g a s  
v e l o c i t y .  

T h e  a p p r o p r i a t e  s i l ence r  f o r  t h i s  d u t y  w i l l  b e  the  a b s o r p t i v e  t y p e .  
T h e  p r e f e r r e d  d e s i g n  w o u l d  bc f o r  a n  a c o u s  t i c a l l y - l i n e d  c y l i n d r i c a l  
s i l e n c e r  w i t h  a c e n t r a l  a b s o r b i n g  p o d .  R e  c t a n g u  1 a r s p 1 i t t e r 
s i l e n c e r s  s h o u l d  o n l y  be a c c e p t e d  i f  t h e  v e n d o r  c a n  o f € e r  a r o b u s t  
a n d  p r o v e n  d e s i g n .  

I t  i s  o f  g r e a t  i m p o r t a n c e  t h a t  t h e  s i l e n c e r  i s  d e s i g n e d  i n  
c o n  j u n c t i o n  w i t h  t h e  p o w e r - t u r b i n e  e x h a u s t  v o l u t e  t o  e n s u r e  t h a t  
t h e r e  i s  a s m o o t h  t r a n s i t i o n  i n  t h e  g a s  f l o w  t o  t h e  s i l e n c e r .  I f  
n e c e s s a r y ,  f l o w - s t r a i g h t e n i n g  e l e m e n t s  may be r e q u i r e d  t o  g i v e  a n  
e v e n  v e l o c i t y  p r o f i l e  a t  the  e n t r a n c e  t o  the  s i l e n c e r .  I t  i s  a l s o  
n e c e s s a r y  t o  a v o i d  s u d d e n  c h a n g e s  i n  t h e  c r o s s - s e c t i o n a l  f l o w  a r e a .  

A c t i v e  n o i s e  c o n t r o l  h a s  b e e n  u s e d  c x p e r i m c n t a l l y  t o  r e d u c e  t h e  
l o w - f r e q u e n c y  n o i s e  f r o m  t h e  e x h a u s t  a n d  h a s  g i v e n  p r o m i s i n g  r c s u l t s .  
I t  may be c o n s i d e r e d  i n  some c a s e s  a s  a n  a a d i t i o n  t o  t h e  a h s o r p t i v c  
s i l e n c e r .  

4 . 4  Lntcrnal-Combustton Engines 

T h e  m a i n  s o u r c e  of n o i s e  w h i c h  c a l l s  f o r  a s i l e n c e r  i s  the e x h a u s t  
a n d  t h e  p r e d o m i n a n t  n o i s e  f r o m  t h i s  i s  l o w  f r e q u e n c y  w i t h  a s p e c i f i c  

E x h a u s t  c o m p o n e n t  d u e  t o  t h e  f i r i n g  r a t e  o f  t h e  c y l i n d e r s .  
s i l e n c e r s  a re  u s u a l l y  s u p p l i e d  w i t h  t h e  e n g i n e  and a r c  a f a m i l i a r  
f e a t u r e  of r o a d  v e h i c l e s .  

A f i x e d  i n t e r n a l - c o m b u s t i o n  e n g i n e  i n  a p l a n t  may b e  r e q u i r e d  t o  meet 
w o r k - a r e a  o r  n e i g h b o u r h o o d  l i m i t s  a n d  a s p e c i a l  s i l e n c e r  w i l l  t h e n  b e  
r e q u i r e d .  T h e  f o l l o w i n g  a s p e c t s  s l i o r i l d  b e  c o n s i d e r e d  i n  i t s  
s e l e c t i o n .  

i )  T e m p e r a t u r e  

I t s  e f f e c t s  on t h e  c o r r o s i o n  o f  t h e  m a t e r i a l s  a n d  the  
l i f e  o f  t h e  s i l e n c e r .  

- 

T h e r m a l  c y c l e s  a n d  c o r r o s i o n  d u e  t o  c o n d e n s a t i o n .  - 

i i )  P r e s s u r e - d r o p  l i m i t a t i o n s  t o  a v o i d  power  l o s s .  
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T h e  most  commonly u s e d  s i l e n c e r s  c o n s i s t  o f  one  o r  more r e a c t i v e  
c h a m b e r s  d e s i g n e d  so  t h a t  t h e y  g i v e  t h e  maximum i n s e r t i o n  l o s s  i n  a 
hand o f  f r e q u e n c i e s  c o n t a i n i n g  t h e  E i r i n g  f r e q u e n c i e s  f o r  e x p e c t e d  
o p e r a t i n g  s p e e d s .  H i g h - q u a l i t y  s i l e n c e r s  may a l s o  c o n t a i n  a n  
a b s o r p t i v e  s e c t i o n .  

4 .5  C o m p r e s s o r s  and B l o w e r s  

4 . 5 . 1  Axial a n d  C e n t r i f u g a l  C o m p r e s s o r s  

I n  g e n e r a l ,  t h e s e  m a c h i n e s  g e n e r a t e  n o i s e  w h i c h  i s  r a d i a t e d  m a i n l y  
f r o m  t h e  a s s o c i a t e d  p i p i n g  r a t h e r  t h a n  f r o m  t h e  c a s i n g ,  d u e  t o  t h e  
r e l a t i v e  t h i c k n e s s  of t h e  c a s i n g  compared  w i t h  t h e  p i p e  w a l l s .  The  
n o i s e  t e n d s  t o  be g r e a t e r  i n  t h e  d i s c h a r g e  p i p i n g  compared w i t h  t h e  
s u c t i o n  s i d e  s o  t h e  s i l e n c e r  i s  u s u a l l y  r e q u i r e d  on  t h e  d i s c h a r g e  
s i d e  o n l y ;  b u t  some m a c h i n e s  w i l l  r e q u i r e  b o t h  s u c t i o n  and  d i s c h a r g e  
s i l e n c e r s .  T h e r e  i s  o f t e n  a p r o n o u n c e d  t o n a l  n o i s e  d u e  t o  t h e  
b l a d e - p a s s i n g  f r e q u e n c y  of  t h e  r o t o r  a n d  s t a t o r  b l a d e s  and  e x t r a  
n o i s e  r e d u c t i o n  w i l l  b e  r e q u i r e d  i n  t h e  r e l e v a n t  o c t a v e  b a n d s  ( s e e  
S e c t i o n  6 . 1 . 5 ) .  

The f o l l o w i n g  a s p e c t s  s h o u l d  be c o n s i d e r e d  i n  t h e  c h o i c e  of  s i l e n c e r :  

i )  

i i  ) 

i i i )  

i v )  

V I  

v i  ) 

v i i  ) 

P r e s s u r e - d r o p  l i m i t a t i o n s  a c r o s s  t h e  s i l e n c e r .  

P r e s s u r e - v e s s e l  c o d e  r e q u i r e m e n t s .  

Weigh t  l i m i t a t i o n s  f o r  l a r g e  s i l e n c e r s  on  o f f s h o r e  p l a t f o r m s .  

S p a c e  a l l o c a t i o n  i n  t h e  p i p i n g  s y s t e m .  

I n d S c a t i o n  o f  f l o w  d i r e c t i o n .  

I n s p e c t i o n  p r o c e d u r e s :  S i l e n c e r s  i n c o r p o r a t e d  i n  
h i g h - p r e s s u r e  s y s  tems c a n  o n l y  b e  i n s p e c t e d  d u r i n g  p l a n n e d  
s h u t d o w n s  a n d  t h e  i n s p e c t i o n  p r o c e d u r e  n e e d s  t o  be c a r e f u l l y  
p l a n n e d .  

I n t e g r i t y  ( s e e  S e c t i o n  5 .10 )  

- T o  a v o i d  damage t o  t h e  m a c h i n e  o r  d o w n s t r e a m  e q u i p m e n t .  

- T o  e n s u r e  a l o n g  o p e r a t i n g  l i f e  i n  s i l e n c e r s  w h i c h  
c a n n o t  r e a d i l y  be r e p l a c e d .  

v i i i )  N o i s e  t e s t i n g :  P e r i o d i c  t e s t i n g  i s  recommended t o  c h e c k  t h e  
s i l e n c e r  p e r f o r m a n c e  i n  v i e w  o f  t h e  p o s s i b l e  i n f r e q u e n c y  o f  
v i s u a l  i n s p e c t i o n s .  

i x )  Narrow-band n o i s e .  

X I  P r e s s u r e  e f f e c t s  o n  t h e  a c o u s t i c  p r o p e r t i e s  o f  t h e  f i l l i n g  

T h e  p r e d o m i n a n t  n o l s e  f r o m  t h e s e  m a c h i n e s  i s  in t h e  m i d - f r e q u e n c y  
r a n g e  ( 5 0 0  Hz t o  2 k H z )  s o  t h e  m o s t  s u i t a b l e  s i l e n c e r s  a r e  t h e  
a b s o r p t i v e  t y p e .  
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I n  v i e w  of t h e  d i f f i c u l t y  of i n s p e c t i o n  a n d  r e p l a c e m e n t  of  i n - l i n e  
s i l e n c e r s  i n  h i g h - p r e s s u r e  p i p i n g  s y s t e m s ,  c o n s i d e r a t i o n  s h o u l d  be  
g i v e n  t o  p u t t i n g  a c o u s t i c  i n s u l a t i o n  on  t h e  p i p e s  a s  a n  a l t e r n a t i v e  
t o  u s i n g  a s i l e n c e r .  

4 . 5 - 2  Reciprocating Compressors 

T h e  p r e d o m i n a n t  n o i s e  f rom t h e s e  m a c h i n e s  i s  l o w - f r e q u e n c y  a n d  i s  
of  t e n  c h a r a c t e r i s e d  by n o i s e  c o r r e s p o n d i n g  w i t h  t h e  c y l i n d e r  
f r e q u e n c y .  W i t h  a i r  c o m p r e s s o r s  d r a w i n g  a i r  f r o m  t h e  a t m o s p h e r e  t h e  
i n l e t  i s  t h e  main s o u r c e  of n o i s e ,  b u t  p i p i n g  noise on  t h e  d i s c h a r g e  
s i d e  may a l s o  be a p r o b l e m :  s i l e n c e r s  may t h e r e € o r e  b e  r e q u i r e d  o n  
t h e  suction a n d  d i s c h a r g e  s i d e s .  

T h e  r e q u i r e m e n t s  f o r  s i l e n c e r s  a r e  s i m i l a r  t o  t h o s e  g i v e n  i n  S e c t i o n  
4 . 5 . 1  f o r  a x i a l  and  c e n t r i f u g a l  c o m p r e s s o r s .  B e c a u s e  o f  t h e  low 
f r e q u e n c i e s  t h e  s i l e n c e r s  a r e  u s u a l l y  r e a c t i v e  a n d  may b e  r e f e r r e d  t o  
a s  p u l s a t i o n  d a m p e n e r s .  

4-5-3 Screw Compressors and Blowers 

T h e  c h a r a c t e r i s t i c  f e a t u r e  of  c o m p r e s s o r s  o f  t h i s  t y p e  i s  t h e  
e m i s s i o n  of a p r o n o u n c e d  t o n a l  n o i s e ,  c o r r e s p o n d i n g  t o  t h e  l o b e  or 
s c r e w - p a s s i n g  f r e q u e n c y  of  t h e  m a c h i n e .  T h i s  i s  m a i n l y  1 - a d i a t c d  by 
t h e  p i p i n g  s o  t h a t  s u c t i o n  and d i s c h a r g e  s i l e n c e r s  may be r e q u i r e d ;  
b u t  t h e r e  may a l s o  b e  s i g n i € i c a n t  r a d i a t i o n  f r o m  t h e  c a s i n g .  T h e  
r e q u i r e m e n t s  f o r  t h e  s i l e n c e r s  a r e  s i m i l a r  t o  t h o s e  g i v e n  i n  S e c t i o n  
4 . 5 . 1  f o r  a x i a l  and  c e n t r i f u g a l  c o m p r e s s o r s .  However ,  p a r t  i c r i la r  
a t  t e n t i o n  must be  p a i d  t o  t h e  t r a n s m i s s i o n  o f  s t r u c t u r e - b o r n e  no isc  
f r o m  t h i s  t y p e  of  c o m p r e s s o r ;  t h i s  may f l a n k  t h e  s i l e n c e r  and  may 
e x t e n d  t o  a l l  a s s o c i a t e d  s t e e l w o r k ,  i n c l u d i n g  l u b r i c a t i n g  o i l  p i p e s .  

T h e  s i l e n c e r  s p c c i f i c a t i o n  m u s t  a l l o w  t h e  s p e c i a l  r e d u c t i o n  f o i -  
n a r r o w - b a n d  n o i s e  ( s e e  S e c t i o n  6 . 1 . 5 )  a n d ,  w h e r c  p o s s i b l e ,  v i b r a t i o n  
i s o l a t i o n  s h o u l d  b e  p u t  i n  t h e  p i p i n g  a n d  m a c l i i n c  m o u n t i n g  ( s e c  
S e c t i o n  5 .11 ) .  

4.5.4 Fans 

F a n s  ( o t h e r  t h a n  t h o s e  f o r  v e n t i l a t i o n )  may t i e  u s e d  t o  p r o v i d c  
c o m b u s t i o n  a i r  f o r  f o r c e d - d r a u g h t  b u r n e r s ,  c o o l i n g  a i r ,  o r  t o  removc 
f l u e  gases  i n  s t a c k s .  F a n s  f o r  f o r c e d - d r a u y h t  b u r n e r s  a r c  
f r e q u e n t l y  f i t t e d  w i t h  s i l e n c e r s ;  u s u a l l y  t l i c s c  a r c  on t h e  s u c t i o n  
s i d e ,  b u t  t h e y  may o c c a s i o n a l l y  be f i t t e d  t o  t h c  d i s c t l a i - g e  s i d c  w h e n  
t h e r e  i s  a r i s k  of n o i s e  b r e a k o u t  from t h e  d u c t i n g .  The n o i s e  f rom 
f a n s  i s  g e n e r a l l y  b road-band  b u t  t h e r e  may t ie t o n a l  cornponc’iits due t o  
b l a d e  p a s s i n g  e f f e c t s ,  p a r t i c u l a r l y  w i t h  c e n t r i f u g a l  f a n s .  

T h e  f o l l o w i n g  a s p e c t s  s h o u l d  b e  c o n s i d e r e d  i n  t h e  s e l r c t i o n  o f  
s i l e n c e r s  : 

i >  P r e s s u r e  d i f f e r e n c e  a c r o s s  t h e  s i l e n c e r .  

i i )  A d e q u a t e  f l o w  o f  c o m b u s t i o n  a i r .  

i i i )  S p a c e  a l l o c a t i o n .  
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i v )  V i b r a t i o n  i s o l a t i o n  from f a n  ( e . g .  by t h e  u s e  of a f l e x i h l c  
s e c t i o n  i n  d u c t i n g ) .  

V I  N o i s e  f rom m o t o r  d r i v e r .  

A b s o r p t i v e  s i l e n c e r s  a r e  u s e d  f o r  t h i s  p u r p o s e .  However ,  i n  many 
cases  i t  may be  w o r t h  c o n s i d e r i n g  t h e  s e l e c t i o n  o f  a l o w - n o i s e  f a n .  

4 . 6  V e n t i l a t i o n  

V e n t i l a t i o n  may h e  r e q u i r e d  f o r  v a r i o u s  p u r p o s e s  i n  i n d u s t r i a l  
p l a n t s ;  t h e y  i n c l u d e ,  t h e  p r o v i s i o n  o f  f r e s h  a i r  f o r  p e o p l e ,  t h e  
r e m o v a l  o f  e x c e s s  h e a t  f r o m  m a c h i n e r y ,  t h e  r e m o v a l  o f  f l a m m a b l e  
v a p o u r s ,  a n d  t h e  r e m o v a l  o f  d u s t  o r  u n d e s i r a b l e  f u m e s .  T h e  
v e n t i l a t i o n  s y s t e m  may be  n o i s y  i n  i t s e l f  ( d u e  t o  a i r - f l o w  o r  f a n  
n o i s e ) ,  o r  i t  may a l l o w  tlie t r a n s m i s s i o n  o f  n o i s e  f rom o n e  s p a c e  t o  
a n o t h e r .  I t  i s  t h e n  n e c e s s a r y  t o  u s e  s i l e n c e r s  t o  c o n t r o l  t h e  n o i s e .  

4.6.1 N a t u r a l  V e n t i l a t i o n  

T h e  movemen t  of a i r  i s  p r o d u c e d  by  t e m p e r a t u r e  d i f f e r e n c e s  o r  by  t h e  
w i n d .  U s u a l l y  t h e r e  i s l i t t l e  p r e s s u r e  d i f f e r e n c e  t o  p r o v i d e  t h e  a i r  
f l o w  and  flow v e l o c i t i e s  a r e  low.  

The main a s p e c t s  t o  be  c o n s i d e r e d  i n  t h e  s e l e c t i o n  of  s i l e n c e r  a r e :  

i )  Min ima l  r e s i s t a n c e  t o  a i r  f l o w .  

i i )  R e q u i r e d  vo lume- f low r a t e  ( c r o s s  s e c t i o n a l  a r e a  of s i l e n c e r ) .  

Two t y p e s  o r  s i l e n c e r  a r e  commonly u s e d  Eor t h i s  a p p l i c a t i o n :  

i >  A l i n e d  d u c t  w i t h  b e n d s  s o  t h a t  t h e r e  i s  n o  l i n e  o f  s i g h t  
b e t w e e n  i t s  e-nds.  The  l i n i n g  i s  a s o u n d - a b s o r b i n g  m a t e r i a l .  
T h i s  t y p e  of s i l e n c e r  may b e  a p p l i e d  t o  v e n t i l a t i o n  f o r  s m a l l  
s p a c e s ,  s u c h  a s  a c o u s t i c  o r  w e a t h e r  e n c l o s u r e s  f o r  m a c h i n e s .  

i i )  A c o u s t i c  l o u v r e s .  T h e s e  a r e  s i m i l a r  t o  n o r m a l  v e n t i l a t i n g  
l o u v r e s  b u t  t h e  v a n e s  o r  a e r o f o i l s  a re  p e r f o r a t e d  a n d  f i l l e d  
w i t h  s o u n d - a b s o r b i n g  m a t e r i a l .  T h e y  a r e  m o s t  s u i t e d  t o  
v e n t i l a t i o n  f o r  l a r g e  s p a c e s  s u c h  a s  b u i l d i n g s  s i n c e  t h e y  t e n d  
t o  b e  b u l k y ,  b u t  t h e y  c a n  b e  m o u n t e d  i n  g r o u p s  t o  o f f e r  a 
l a r g e  o p e n  a r e a  f o r  a i r  f l o w .  

4.6-2  F o r c e d  V e n t i l a t i o n  

T h e  a i r  movement i s  p r o d u c e d  by f a n s  o r  b l o w e r s  and  t h e s e  may be  t h e  
m a i n  s o u r c e  of n o i s e  i n  t h e  s y s t e m ,  s o  a c a r e f u l  s e l e c t i o n  o f  t h e  
d r i v i n g  u n i t  i s  t h e  f i r s t  s t a g e  o f  n o i s e  c o n t r o l ;  n o i s e  may a l s o  be 
g e n e r a t e d  by t u r b u l e n c e  i n  t h e  a i r  f l o w  a t  b e n d s  o r  a t  g r i l l e s -  
T h e s e  a s p e c t s  r e q u i r e  c a r e f u l  d e s i g n  o f  t h e  s y s t e m  w h i c h  i s  o u t s i d e  
t l ie  s c o p e  of  t h i s  d o c u m e n t .  S i l e n c e r s  may b e  u s e d  t o  r e d u c e  t h e  f a n  
o r  b l o w e r  n o i s e  ( s e e  4 . 5 . 4 )  o r  t h e y  may b e  u s e d  t o  r e d u c e  the noise  
w i t 11 i n t h e  d u c t  i n g  . 
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T h e  f o l l o w i n g  a s p e c t s  s! ior i ld  b e  c o n s i d c r c t f  i n  t h e  s c l ~ c t  io11 o f  
d u c t i n g  s i l e n c e r s :  

i )  P r e s s u r e  -d i f f e r e n c e  1 i m i  t s a c  ros s s i 1 e [ice r . 

i i )  S i z e  c o m p a t i b i l i t y  w j t l i  d u c t i n g  and a v a i l a b l e  s p a c e .  

i i i )  C o r r o s i o n .  

i v )  A t t e n u a t i o n  of p u r e  t o n e s  from f a n s / b l o w e r s .  

V I  B r i t i s h  S t a n d a r d  method of t e s t  f o r  a t t e n u a t i o n .  

v i )  S t r u c t u r e - b o r n e  n o i s e  ( u s e  of  f l e x i b l e  c o n n e c t i o n s )  

v i i )  No i se  break-out  f rom s i l e n c e r  c a s i n g .  

v i i i )  N o i s e  f rom motor  d r i v e r .  

4-7 Heat-Exchanger  Fans 

F a n s  a r e  w i d e l y  used i n  i n d u s t r y  f o r  d e l i v e r i n g  c o o l i n g  a i r  t o  licat 
e x c h a n g e r s ;  t h e y  may be  i n  w a t e r - c o o l i n g  t o w e r s  o r  i n  f i n - t u b e  h e a t  
e x c h a n g e r s  f o r  c o o l i n g  p e t r o l e u m  and c h e m i c a l  p r o d u c t s .  T h e  fans 
may b e  of  l a r g e  d i a m e t e r  and  may b e  i n s t a l l e d  i n  b a n k s  o f  l i e a t  
e x c h a n g e r s .  When t h i s  i s  t h e  c a s e ,  t h e  s i z e  of t h e  i n s t a l l a t i o n  and 
t h e  l a r g e  volume of a i r  b e i n g  moved p r e c l u d e s  t h e  u s e  of s i l t n c e r s  
and n o i s e  r e d u c t i o n  h a s  t o  be o b t a i n e d  by s e l e c t i n g  low-noise  f a n s  
a n d  moto r  d r i v e r s .  However, w i t h  s m a l l  i n s t a l l a t i o n s  i t  may be 
p o s s i b l e  t o  u s e  s i l e n c e r s  t o  r educe  e x c e s s  n o i s e :  u s u a l l y  t l icsc.  w i l l  
h a v e  t o  be  o n  b o t h  t h e  i n l e t  a n d  t h e  d i s c h a r g e  o f  t h e  c o o l i n p - a i r  
sys t em.  

T h e  f o l l o w i n g  a s p e c t s  s h o u l d  be  c o n s i d e r e d  i n  t h e  s e l e c t i o n  o f  
s i l e n c e r s :  

i )  

i i )  

i i i )  

i v )  

V I  

v i  ) 

Adequate  a i r  f l ow.  

D r a i n i n g .  

S a t u r a t i o n  of a b s o r p t i v e  f i l l i n g  w i t h  w e t - c o o l i n g  towcrs  ( a n  
impermeable  membrane may be u s e d ) .  

C o r r o s i o n .  

Narrow-band no i  st. 

Noise  from motor  d r i v e r .  

A b s o r p t i v e  s i l e n c e r s  a r e  used  f o r  t h i s  p u r p o s e .  

4.8 Combust ion P l a n t  

The s o u r c e  of t h e  n o i s e  i n  f u r n a c e s ,  b o i l e r s  a n d  i n c i n e r a t o r s  w i t h  
n a t u r a l - d r a u g h t  v e n t i l a t i o n  i s  t h e  combus t ion  p r o c e s s  and t h i s  i s  
ma in ly  e m i t t e d  t h rough  t h e  a i r  r e g i s t e r s .  
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U: t ! i  r n r c ( ~ r l - ? r a u ~ l l t  f u r n d c e s  and boi I c r s ,  Lhc f.ins .1rid t l ie i  r dri \rei-s 
may !>P dll a d d i t i o n a l  a n d  s i g n i f i c a n t  s o u r c e  o f  n o i s e ;  t h e y  may be 
f o r c e d -d r a tie 1 1  t o r i nd uc e d -d r a u g l l  t . Uoise  r a d i a t e d  from tlie w a i l s  
and  d t l c t i n g  Ls o u t s i d e  tile s c o p e  of this document .  

4.8-1 Natural-Draft Combustion P l a n t  I 

There  a r e  two a p p r o a c h e s  t o  t l ie r e d u c t i o n  of b u r n e r  n o i s e :  

i )  S i l e n c e r s  on t h e  a i r  r e g i s t e r s  oC i n d i v i d u a l  g r o u p s  of  b u r n e r s .  

i i )  Plenum chambers  a r o u n d  g r o u p s  o f  b u r n e r s .  

W i t h  r e g a r d  t o  t h e  u s e  o f  s i l e n c e r s  on  i n d i v i d u a l  b u r n e r s ,  t h e  
f o l l o w i n g  a s p e c t s  m u s t  b e  c o n s i d e r e d :  

i >  Adequate  f l o w  of combus t ion  a i r .  

i i )  P r e s s u r e - d r o p  l i m i t s  a c r o s s  the  s i l e n c e r .  

i i i )  Access  t o  b u r n e r s  f o r  a d j u s t m e n t  ( € o r  example the  p r o v i s i o n  of 
I 

h a t c h e s  ) . I 

4.8 

i v )  A d e q u a t e  access t o  t h e  b u r n e r  a r e a ,  and  e s c a p e  i n  t h e  c a s e  of 
f l a m e - b a c k ,  ( f o r  c x a n p l e ,  a d e q u a t e  headroom Cor f l o o r - f i r e d  
hea t e rs ) . 

v >  R e r o u t j n g  o f  f u e l  and steam p i p e s  ( p a r t i c u l a r l y  w i t h  regard t o  
a c c e s s ) .  

v i )  P r e v e n t i o n  oE o i l  s p i l l s  i n t o  t h e  a c o u s t i c  a b s o r b e n t  t o  a v o i d  
w i c k i n g  ef f c c t s  ( f o r  example ,  t h e  p r o v i s i o n  of non-abso rb ing  
d r i p  t r a y s ) .  

v i i )  V i b r a t i o n  i s o l a t i o n  o €  t h e  s i l e n c e r  from tlie p l a n t .  

X i t h  r e g a r d  t o  the use of p l enun  chambers ,  p a r t i c u l a r l y  t hose  f o r m e d  
by a c o u s t i c  w a l l s  a r o u n d  t h e  e n t i r e  b u r n e r  a r ea  of  f l o o r - f i r e d  u n i t s ,  
Lhe f o l l o w i n g  a d d i t i o n a l  a s p e c t s  s h o u l d  be c o n s i d e r e d :  

v i i i )  O b s e r v a t i o n  windows t o  v i e w  f lames d u r i n g  b u r n e r  ad j u s t m c n t s .  

i x )  Adequa te ,  c l e a r l y - m a r k e d  d o o r s  Cor tmerp,ency e s c a p e .  

x) Adequate  wal 1 mass f o r  t h e  r e d u c t i o n  of l o w - f r e q u e n c y  n o i s c .  

2 Forced-Draft Combustion P l a n t  

T h e  f a n  noise may be reduced  by a change  of  f a n  t y p e ,  b u t  t h i s  i s  
o u t s i d e  t h e  scope  o f  t h i s  document .  O t h e r w i s e  i t  w i l l  be r educed  by 
t h e  u s e  o f  absorptive s p l i t t e r  s i l e n c e r s  and t h e  f o l  lowing  a s p e c t s  
m u s t  be c o n s i d e r e d :  

i )  Adequate  f l o w  of combus t ion  a i r .  
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4 . 9  

i i )  P r e s s u r e  d r o p  a c r o s s  s i l e n c e r  ( c o n s i d e r  t h e  e f f e c t  on f a n  
p e r f o r m a n c e ) .  

i i i )  Noise  from motor  d r i v e r  ( s e e  4 . 9 ) .  

i v )  Noise  from f a n  b e l t s  ( p a r t i c u l a r l y  t o o t h e d  b e l t s ) .  

Electric motors 

T h e  s i l e n c i n g  of e l e c t r i c  moto r s  i s  a w e l l - e s t a b l i s h e d  p r a c t i c e  and  
most v e n d o r s  c a n  p r o v i d e  s e v e r a l  v e r s i o n s  of  a p a r t i c u l a r  t y p e  of 
m o t o r  i n  o r d e r  t o  meet p a r t i c u l a r  r e q u i r e m e n t s  f o r  n o i s e  e m i s s i o n .  
I n  p u r c h a s i n g  new m o t o r s ,  i t  i s  t h e r e f o r e  e s s e n t i a l  t o  p r o v i d e  a 
d e t a i l e d  s p e c i f i c a t i o n  o f  t h e s e  n o i s e  r e q u i r e m e n t s ,  s o  t h a t  t h e  
s i l e n c i n g  f e a t u r e s  a r e  i n c o r p o r a t e d  i n  t h e  c o n s t r u c t i o n ;  f o r  
example ,  i t  may be p o s s i b l e  t o  p u r c h a s e  a s m a l l e r  f a n ,  o r  t o  u s e  a 
u n i - d i r e c t i o n a l  f a n  when t h e  d i r e c t i o n  of r o t a t i o n  i s  known. 

Where r e d u c t i o n  i s  r e q u i r e d  f o r  e x i s t i n g  m o t o r s ,  however ,  i t  w i l l  be 
n e c e s s a r y  t o  a p p l y  some form of  e x t e r n a l  s i l e n c i n g  o f  t h e  e m i t t e d  
n o i s e .  

T h e  m a i n  n o i s e  s o u r c e  i n  an a i r - c o o l e d  e l e c t r i c  motor  i s  t h e  c o o l i n g  
f a n  and w h e n  t h i s  i s  e x c e s s i v e  i t  w i l l  r e q u i r e  a s i l e n c e r .  Noisc  
may a l s o  be r a d i a t e d  from t h e  c a s i n g  of b o t h  a i r - c o o l e d  and 
wa te r - coo led  moto r s  and t h i s  would n o r m a l l y  be r educed  by u s i n g  an  
a c o u s t i c  e n c l o s u r e  o v e r  t h e  moto r ;  t h i s  i s  o u t s i d e  t h e  scope  of t h i s  
g u i d e .  The n o i s e  f rom c o o l i n g  f a n s  i s  broad-band i n  c h a r a c t e r  b u t  
t h e r e  may be narrow-band components  due t o  b l a d e - p a s s i n g  f r e q u e n c i e s  
f r o m  t h e  f a n  o r  r o t o r / s t a t o r  p a s s i n g  f r e q u e n c i e s  f rom w i t h i n  the  
motor .  I t  i s  wor th  r e v i e w i n g  t h e  p o s s i b i l i t y  of u s i n g  
u n i - d i r e c t i o n a l  f a n s  t o  r educe  t h e  n o i s e .  Rut when t h i s  s o l u t i o n  i s  
n o t  p r a c t i c a b l e ,  o r  n o t  s u f f i c i e n t ,  i t  w i l l  be n e c e s s a r y  t o  use R 

s i l e n c e r .  Sometimes i t  may be s u f f i c i e n t  j u s t  t o  i n s t a l l  a s i l e n c e r  
i n  t h e  a i r  i n l e t  t o  t h e  f a n ,  b u t  i n  many c a s e s  a s i l e n c e r  w i l l  bc  
r e q u i r e d  f o r  t h e  c o o l i n g  a i r  d i s c h a r g e .  With CACA motor s  ( c o o l i n g  
a i r ,  c o o l i n g  a i r ) ,  t h e s e  s i l e n c e r s  w i l l  be  s e p a r a t e  i t ems ,  b u t  w i t l i  
TEFC m o t o r s  ( T o t a l l y  Enc losed  Fan C o o l e d ) ,  where t h e  c o o l i n g  n i r -  
b l o w s  down t h e  o u t s i d e  of t h e  f i n s  o n  t h e  c a s i n g ,  there  may h e  a 
s i n g l e  s i l e n c e r  o v e r  i n l e t  and d i s c h a r g e .  

T h e  f o l l o w i n g  a s p e c t s  s h o u l d  be c o n s i d e r e d  i n  t h e  s e l e c t i o n  of  a 
s i l e n c e r  : 

i )  Volume f l o w  f o r  a d e q u a t e  c o o l i n g .  

i i )  E n s u r i n g  t h a t  c o o l i n g  a i r  i s  d i r e c t e d  a l o n g  t h e  c a s i n g  (TEFC 
m o t o r s ) .  

i i i )  Space  a l l o c a t i o n  i n  p l a n t .  

i v )  Narrow-band n o i s e .  

A b s o r p t i v e  s i l e n c e r s  a r e  used f o r  t h i s  p u r p o s e .  
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5 .  MECEANTCAL CONSIDERATIONS 

5-1 Corrosion 

C o r r o s i o n  h a s  t o  be c o n s i d e r e d  f o r  b o t h  t h e  e x t e r n a l  and i n t e r n a l  
c o m p o n e n t s  of t h e  s i l e n c e r  and a l l  t h e  m a t e r i a l s  have t o  be specially 
s e l e c t e d  o r  be p r o t e c t e d  f rom any  c o r r o s i v e  a t t a c k  t h e y  may 
e x p e r i e n c e .  

E x t e r n a l l y ,  t h e  main problem i s  u s u a l l y  a t m o s p h e r i c  c o r r o s i o n ,  m a i n l y  
of  s t e e l w o r k ,  and t h i s  may be r educed  by t h e  u s e  of  s t a i n l e s s  s t e e l  
o r ,  w h e r e  t h i s  is uneconomical  and  mi ld  s t e e l  i s  u s e d ,  by s p e c i f y i n g  
a g a l v a n i s e d  c o a t i n g  o r  an  a p p r o p r i a t e  p a i n t i n g  s c h e d u l e .  

I n t e r n a l l y  tlie problem i s  t o  e n s u r e  t h a t  t h e  m a t e r i a l s  a r e  c o m p a t i b l e  
w i t h  t h e  f l u i d  - a n d  w i t h  e a c h  o t h e r .  H igh  h u m i d i t y ,  h i g h  
t e m p e r a t u r e s  and t r a c e s  of a c i d i c  s u b s t a n c e s  i n  t h e  f l u i d  a r e  common 
c a u s e s  O E  c o r r o s i o n  of t h e  i n t e r n a l  components ,  b u t  a c i d i c  
c o n d e n s a t i o n  may a l s o  be a s i g n i f i c a n t  c a u s e  i n  s i l e n c e r s  which a r e  
s u b j e c t e d  t o  the rma l  c y c l e s .  P r o t e c t i o n  by p a i n t i n g  i s  u s u a l l y  
i n a d e q u a t e  because  i t  can be damaged d u r i n g  t h e  f a b r i c a t i o n  of t h e  
s i l e n c e r ,  and c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  t l ie use o f  s t a i n l e s s  
s t e e l ,  g a l v a n i s e d  s t e e l ,  o r  t o  a n  a d e q u a t e  c o r r o s i o n  a l l o w a n c e  f o r  
tile e x p e c t e d  l i f e  of  t h e  s i l ence r .  

IJlien s t a i n l e s s  s t e e l  and a luminium a r e  u s e d ,  C o n s i d e r a t i o n  s h o u l d  be 
g i v e n  t o  p o s s i b l e  c h l o r i d e  a t t a c k ,  e i t h e r  f rom t h e  f l u i d  o r  f r o m  
m i n e r a l  wool  when i t  i s  u s e d  a s  t h e  a b s o r p t i v e  f i l l i n g .  I t  i s  
t h e r e f o r e  a d v i s a b l e  t o  s p e c i f y  a maximum c h l o r i d e  c o n t e n t  i n  tlie 
m i n e r a l  w o o l .  T h e r e  may a l s o  b e  a l i m i t  o n  t h e  a l k a l i n i t y  o f  
m a t e r i a l s  i n  c o n t a c t  w i t h  a luminium.  

5.2 Erosion 

Where g a s e s  p a s s  th rough  t h e  s i l e n c e r  w i t h  h i g h  v e l o c i t y  t h e r e  i s  a 
r i s k  of  e r o s i o n  of t h e  i n t e r n a l  components .  If t h e  g a s e s  c o n t a i n  
p a r t i c l e s ,  such  a s  c a t a l y s t  f i n e s  o r  c o a l  d u s t ,  t h i s  may l e a d  t o  
p i t t i n g  a n d  h o l i n g  of  t h e  s t e e l  components .  B u t ,  more g e n e r a l l y  t h e  
p r o b l e m  i s  one  of e r o s i o n  of t h e  a b s o r p t i v e  f i l l i n g .  T h i s  r e d u c e s  
t h e  e f f i c i e n c y  of t h e  s i l e n c e r  and  t h e  f i b r e s  c a r r i e d  away i n  t h e  g a s  
s t r e a m  may con tamina te  t h e  process o p e r a t i o n s  of t h e  p l a n t .  

One s o l u t i o n  i s  t o  r e s t r i c t  the v e l o c i t y  of the  gases ,  p a r t i c u l a r l y  
i n  l o c a l i s e d  a r e a s  w i t h  f low r e s t r i c t i o n s .  However, t h i s  u s u a l l y  
means  i n c r e a s i n g  t h e  c r o s s - s e c t i o n a l  a r e a  i n  t l ie  f l ow s e c t i o n s  and 
l e a d s  t o  a n  i n c r e a s e  i n  t h e  s i z e  of t h e  s i l e n c e r ,  w i t h  a consequen t  
i n c r e a s e  i n  c o s t  and w e i g h t .  

An a l t e r n a t i v e  t o  r e s t r i c t i n g  t h e  g a s  v e l o c i t y  i s  t o  p r o v i d e  
p r o t e c t i o n  € o r  t h e  a b s o r p t i v e  f i l l i n g  and  t h e  e x t e n t  o f  t l ic 
p r o t e c t i o n  w i l l  depend on t h e  v e l o c i t y  of t h e  g a s .  

F o r  v e l o c i t i e s  below 1 5  m / s  t h e  f i l l i n g  c a n  be p r o t e c t e d  by a l a y e r  
of woven g l a s s  c l o t h  on t h e  s u r f a c e  exposed  T O  t h e  g a s .  For  
v e l o c i t i e s  below 30 m / s  t h e  f i l l i n g  may be p r o t e c t e d  by a l a y e r  of  
woven g l a s s  c l o t h  and a l a y e r  of p e r f o r a t e d  m e t a l  on t h e  g a s  s i d e .  
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5.4 

5.5 

F o r  v e l o c i t i e s  a b o v e  DO m / s  i t  i s  a d v j s a b l e  t o  i n s e r t  a l a y e r  o f  w i r e  
mesh b e t w e e n  t h e  g l a s s  c l o t h  a n d  t h e  p e r f o r a t e d  p l a t e .  

I n  s i t u a t i o n s  w h e r e  t h e  a b s o r p t i v e  f i l l i n g  i s  e x p o s e d  t o  
h i g h - v e l o c i t y  g a s e s  i t  i s  a d v i s a b l e  t o  s p e c i f y  l o n g - s t r a n d  f i b r e s  f o r  
t h e  f i l l i n g ;  t h e  l o n g e r  t h e y  a r e  t h e  l e s s  l i k e l y  t h e y  a r e  t o  be  
e r o d e d .  

Materials f o r  t h e  A b s o r p t i v e  Filling 

The  f o l l o w i n g  mater ia l s  a r e  commonly u s e d  f o r  a b s o r p t i v e  f i l l i n g :  

a )  g l a s s  f i b r e  (maximum o p e r a t i n g  t e m p e r a t u r e :  530°C) 

b )  m i n e r a l  woo l  ( IS 9 5 0 ° C )  

c )  ceramic € i b r e  ( .' '* 1 2 6 0 ° C )  

d )  s t a i n l e s s - s t e e l  woo l  

O p e n - c e l l  p l a s t i c  foam may be u s e d  f o r  some a p p l i c a t i o n s ,  b u t  i t s  use 
s h o u l d  b e  s p e c i f i c a l l y  a p p r o v e d  by t h e  p u r c h a s e r .  T h e r e  may a l s o  h e  
a l i m i t e d  a p p l i c a t i o n  f o r  s t a i n l e s s - s t e e l  mesh w h e r e  t e m p e r a t u r e ,  
e r o s i o n  o r  c o r r o s i o n  c o n d i t i o n s  a r e  t o o  s e v e r e  t o  u s e  t h e  a b o v e  
mater ia l s .  

T h e  t e m p e r a t u r e  of o p e r a t i o n  i s  u s u a l l y  t h e  f i r s t  c o n s i d e r a t i o n  i n  
t h e  c h o i c e  o f  a s u i t a b l e  a b s o r p t i v e  f i l l i n g  a n d  i t s  maximum o p e r a t i n g  
t e m p e r a t u r e  s h o u l d  be  r e v i e w e d  i n  r e l a t i o n  t o  t h i s .  A l t h o u g h  t h e  
m a t e r i a l s  l i s t e d  u n d e r  ( a )  - ( c )  a r e  f a i r l y  i n e r t ,  t h e i r  
c o m p a t i b i l i t y  w i t h  t h e  p r o c e s s  g a s  o r  v a p o u r  m u s t  b e  e x a m i n e d ;  f o r  
e x a m p l e ,  h i g h - t e m p e r a t u r e  steam may s e v e r e l y  l i m i t  t h e  e f f e c t i v e  l i f e  
o f  g l a s s  f i b r e  a n d  m i n e r a l  wool .  

F o r  h i g h - t e m p e r a t u r e  a p p l i c a t i o n s  i t  may b e  n e c e s s a r y  t o  l i m i t  t h e  
r e s i n  c o n t e n t ;  a n d ,  when u s e d  w i t h  s t a i n l e s s  s t e e l ,  t o  l i m i t  t h e  
c h l o r i d e  c o n t e n t  ( s e e  S e c t i o n  5 . 1 ) .  

D r a i n i n g  

W h e r e  t h e r e  i s  a p o s s i b i l i t y  o f  v a p o u r s  c o n d e n s i n g  i n  t h e  s i l e n c e r  o r  
o f  r a i n w a t e r  e n t e r i n g  i t ,  a s u i t a b l e  d r a i n  s h o u l d  be p r o v i d e d .  The 
mos t  v u l n e r a b l e  p a r t  i s  t h e  i n s i d e  o f  t h e  o u t e r  s h e l l ,  w h i c h  may be 
c o l d e r  t h a n  t h e  i n s i d e  of  t h e  s i l e n c e r  i f  i t  i s  o p e r a t i n g  w i t h  a h o t  
g a s  a n d  i t  i s  i m p o r t a n t  t h a t  t h e  d r a i n  s h o u l d  b e  a b l e  t o  e m p t y  t h i s  
p a r t .  Flammable c o n d e n s a t e s  s h o u l d  be  d r a i n e d  t o  a c l o s e d  s y s t e m .  

I m p e r m e a b l e  Membrane 

Where t h e r e  i s  a p o s s i b i l i t y  o f  f l a m m a b l e  l i q u i d s  s p l a s h i n g  i n t o  t h e  
a b s o r p t i v e  f i l l i n g ,  i t  w i l l  b e  n e c e s s a r y  t o  p u t  a t h i n  p l a s t i c  
membrane b e t w e e n  t h e  f i l l i n g  a n d  t h e  p e r f o r a t e d  p l a t e  t o  r e d u c e  t h e  
r i s k  o f  a w i c k i n g  e f f e c t  and  c o n s e q u e n t  f i r e .  T h i s  may a l s o  be 
n e e d e d  t o  p r e v e n t  t h e  f i l l i n g  b e i n g  c l o g g e d  b y  s o l i d s .  
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T h e  m e m b r a n e  m u s t  b e  t h i n  i f  i t  i s  n o t  t o  i m p a i r  t h e  a c o u s t i c  
p r o p e r t i e s  of  t h e  s i l e n c e r  a n d  c o n s e q u e n t l y  i t  i s  l i a b l e  t o  
m e c h a n i c a l  damage;  i t  w i l l  a l s o  h a v e  a l i m i t e d  t e m p e r a t u r e  r a n g e  of  
o p e r a t i o n .  I m p e r m e a b l e  m e m b r a n e s  a r e  more c o m m o n l y  u s e d  w i t h  
a c o u s t i c  e n c l o s u r e s  and  i n  t h e  a c o u s t i c  t r e a t m e n t  of rooms ( o f t e n ,  
€ o r  r e a s o n s  of  h y g i e n e )  a n d  t h e r e  a r e  w e l l - e s t a b l i s h e d  t e c h n i q u e s  f o r  
a p p l y i n g  them a s  a p r o t e c t i o n  f o r  t h e  a b s o r p t i v e  l a y e r .  However ,  i t  
i s  r a r e  f o r  them t o  be u s e d  i n  s i l e n c e r s  a n d  the  p u r c h a s e r  wou ld  h a v e  
t o  make a s p e c i € i c  r e q u i r e m e n t  f o r  o n e  i f  h e  s a w  a need  f o r  i t .  

5.6 P r e s s u r e  Drop  

T h e  i n s e r t i o n  o f  a s i l e n c e r  i n t o  a f l o w  s y s t e m  may c a u s e  a n  
a d d i t i o n a l  i m p e d a n c e  t o  t h e  g a s  o r  v a p o u r  f l o w  a n d  t h e  p u r c h a s e r  must 
s p e c i f y  t h e  maximum a l l o w a b l e  p r e s s u r e  d i f f e r e n c e  across  t h e  s i l e n c e r  
f o r  i t s  p a r t i c u l a r  d u t y .  T h i s  must  t a k e  i n t o  a c c o u n t  t h e  f l o w  r a t e ,  
t e m p e r a t u r e  a n d  d y n a m i c  v i s c o s i t y  of  t h e  f l u i d  i n  q u e s t i o n .  The 
v e n d o r  s h o u l d  q u o t e  t h e  e x p e c t e d  p r e s s u r e  d i f  f e r e n c e  a n d  s h o u l d  
i n d i c a t e  t h e  c a l c u l a t i o n  o r  measu remen t  p r o c e d u r e s  on w h i c h  h i s  d a t a  
a re  b a s e d .  

5.7 I n s t a l l a t i o n  

S i l e n c e r s  a re  b u l k y  i n  r e l a t i o n  t o  t h e  p i p i n g  s y s t e m s  i n  w h i c h  t h e y  
a r e  p l a c e d .  T h i s  means t h a t ,  i n  ttie d e s i g n  s t a g e  of a p l a n t ,  a n  
e a r l y  d e c i s i o n  m u s t  b e  made t o  u s e  a s i l e n c e r  f o r  a p a r t i c u l a r  
a p p l i c a t i o n  s o  t h a t  a d e q u a t e  s p a c e  f o r  i t  c a n  be  a l l o c a t e d  i n  t h e  
p l a n t  l a y o u t .  Large i n d u s t r i a l  s i l e n c e r s  c a n  a l s o  be h e a v y  and may 
n e e d  s p e c i a l  s u p p o r t i n g  s t r u c t u r e  w h i c h  w i l l  h a v e  t o  be c o n s i d e r e d  a t  
a n  e a r l y  s t a g e  i n  t h e  d e s i g n ;  f o r  s t r u c t u r e s  s u c h  a s  o f f s h o r e  
p l a t f o r m s ,  w h e r e  w e i g h t  i s  an i m p o r t a n t  f a c t o r ,  ttie w e i g h t  of a l a r g e  
i n d u s t r i a l  s i l e n c e r  may make a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  t o t a l  
w e i g h t  of t h e  s t r u c t u r e .  I t s  e r e c t i o n  may a l s o  r e q u i t e  t h e  u s e  o f  
s p e c i a l  c r a n e s .  

E v e n  a t  t h e  o t h e r  e n d  o f  t h e  s c a l e  w h e r e  smal l  s i l e n c e r s  a r e  u s e d  
( s a y ,  f o r  t h e  e x h a u s t s  of p n e u m a t i c  t o o l s )  i t  w i l l  be n e c e s s a r y  t o  
a l l o w  f o r  t h e i r  s i z e  a n d  w e i g h t .  

T h e s e  c o n s i d e r a t i o n s  a p p l y  e q u a l l y  t o  tlie i n s t a l l a t i o n  of  s i l e n c e r s  
f o r  n o i s e  c o n t r o l  i n  e x i s t i n g  p l a n t s  and  t h e  a d d i t i o n a l  s t r e s ses  i n  
t h e  s t r u c t u r e s  must  b e  t a k e n  i n t o  a c c o u n t .  

T h e  d i r e c t i o n  o f  f l o w  i s  i m p o r t a n t  and  must b e  c l e a r l y  marked on t h e  
s i l e n c e r  t o  e n s u r e  t h a t  i t  i s  c o r r e c t l y  i n s t a l l e d .  

5.8 I n s p e c t i o n  a n d  H a i n t e n a o c e  

O n c e  i n s t a l l e d ,  s i l e n c e r s  t e n d  t o  be f o r g o t t e n  a n d  i t  i s  as sumed  t h a t  

t h e r e  may be  a g r a d u a l  d e t e r i o r a t i o n  o f  t l i e  i n t e r n a l  c o m p o n e n t s  
c a u s i n g  a s l o w  d e c r e a s e  i n  t h e  n o i s e  r e d u c t i o n ,  w h i c h  may n o t  be 
n o t i c e d  u n t i l  t h e r e  i s  a c o m p l a i n t  o r  a n o i s e  s u r v e y  of t h e  
i n s t a l l a t i o n .  F r e q u e n t l y ,  i t  i s  n o t  e a s y  t o  i n s p e c t  t h e  i n s i d e  o f  a 
s i l e n c e r ;  i t  may be a we lded  c o n s t r u c t i o n ,  i t  may be i n a c c e s s i b l e  
( s a y ,  h i g h  u p  o n  n v e n t ) ,  o r  i t  may b e  i n  a p r e s s u r i s e d  s y s t e m .  

t h e y  w i l l  m a i n t a i n  t h e i r  a c o u s t i c  p e r f o r m a n c e  i n d e f i n i t e l y .  Bu t  
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N e v e r t h e l e s s  i t  i s  i m p o r t a n t  t o  e s t a b l i s h  a programme o f  r e g u l a r  
i n s p e c t i o n  and ma in tenance .  The f r e q u e n c y  of  i n s p e c t i o n  w i l l  depend 
o n  t h e  s e v e r i t y  o f  t h e  d u t y  of t h e  s i l e n c e r ;  where t h e r e  i s  a r i s k  
o f  e r o s i o n  o f  t h e  f i l l i n g  due  t o  h i g h - v e l o c i t y  g a s ,  o r  of c l o g g i n g  by 
p a r t i c l e s ,  o r  o f  d e s t r u c t i o n  of  t h e  f i l l i n g  by c h e m i c a l  a c t i o n ,  a 
f r e q u e n t  i n s p e c t i o n  w i l l  be n e c e s s a r y .  

I t  w i l l  b e  n e c e s s a r y  t o  c o n s i d e r  w h e t h e r  t h e  s i l e n c e r  can  h e  removed 
a s  a w h o l e  o r  w h e t h e r  t h e  i n t e r n a l  components ,  s u c h  a s  t h e  a b s o r p t i o n  
p o d s ,  c a n  he removed s e p a r a t e l y ;  o r ,  w i t h  l a r g e  s i l e n c e r s ,  w h e t h e r  
a c c e s s  t o  t h e  i n t e r i o r  c a n  be o b t a i n e d  t h r o u g h  manho les .  

T h e  i n s p e c t i o n  o f  t h e  f i l l i n g  i s  n o t  e a s y  b e c a u s e  i t  i s  u s u a l l y  
r e t a i n e d  by welded p e r c o r a t e d  p l a t e  (and p o s s i b l y  g l a s s  c l o t h  o r  an  
i m p e r m e a b l e  membrane) and an  a p p r o p r i a t e  p r o c e d u r e  w i l l  have  t o  be 
a g r e e d  w i t h  t h e  vendor ,  e i t h e r  a t  s i t e  o r  i n  t h e  v e n d o r ' s  f a c t o r y .  
T h e  r e p a i r  p r o c e d u r e  w i l l  a l s o  have  t o  be c o n s i d e r e d ;  whe the r  by 
r e p l a c e m e n t  of  t h e  s i l e n c e r  o r  r e p l a c e m e n t  o f  components .  Timing 
w i l l  be  a n  i m p o r t a n t  f a c t o r ,  p a r t i c u l a r l y  i f  t h e  r e p l a c e m e n t s  c a n  
o n l y  be  c a r r i e d  o u t  d u r i n g  p l a n t  shutdowns .  

Temperature E f f e c t s  

T h e  f i r s t  obv ious  e f f e c t  of u s i n g  a s i l e n c e r  w i t h  h i g h - t e m p e r a t u r e  
g a s e s  i s  on  t h e  c h o i c e  of mater ia l s ,  which  must be s u i t a b l c  f o r  t h e  
o p e r a t i n g  t e m p e r a t u r e .  Some t y p i c a l  maximum o p e r a t i n g  t e m p e r a t u r e s  
f o r  t h e  a b s o r p t i v e  f i l l i n g  a r e  g i v e n  i n  5 . 3  and t h e  lower  o p e r a t i n g  
t e m p e r a t u r e  of g l a s s  f i b r e s  s h o u l d  be n o t e d ;  i t  means t h a t  g l a s s  
c l o t h  c a n n o t  be used  t o  p r e v e n t  e r o s i o n  of t h e  f i l l i n g  a t  o p e r a t i n g  
t e m p e r a t u r e s  h i g h e r  t h a n  t h i s .  

A s e c o n d  e f f e c t  is  t h e r m a l  e x p a n s i o n  and t h i s  m u s t  be a l lowed  f o r  i n  
t h e  d e s i g n  of t h e  s i l e n c e r .  

B u t  a f u r t h e r  e f f e c t ,  which i s  somet imes  o v e r l o o k e d  i n  t h e  d e s i g n  of 
t h e  s i l e n c e r ,  i s  t h e  i n c r e a s e  i n  t h e  s p e e d  of  sound of  t h e  g a s .  I n  
a b s o r p t i v e  s i l e n c e r s  t h i s  i n f l u e n c e s  t h e  a c o u s t i c  p r o p e r t i e s  of  t h e  
f i l l i n g  and t h e  optimum s p a c i n g s  be tween t h e  a b s o r p t i v e  e l e m e n t s .  
I n  r e a c t i v e  s i l e n c e r s  i t  w i l l  change  t h e  r e s o n a n t  f r e q u e n c i e s  of t h e  
chambers  so t h a t  t h e  maximum n o i s e  r e d u c t i o n  no  l o n g e r  matches  the 
d o m i n a n t  f r e q u e n c i e s  of t h e  s o u r c e .  Thus ,  a s t a n d a r d  s i l e n c e r  whose 
d e s i g n  i s  b a s e d  o n  t h e  s p e e d  o f  s o u n d  i n  t h e  g a s  a t  a m b i e n t  
t e m p e r a t u r e  may no l o n g e r  be e f f e c t i v e  f o r  h i g h e r  t e m p e r a t u r e s .  ( I t  
may be  n o t e d  t h a t ,  i f  i t s  d e s i g n  h a s  been  o p t i m i s e d  € o r  a i r ,  i t  may 
n o t  b e  s u i t a b l e  f o r  o t h e r  g a s e s  w i t h  a d i f f e r e n t  v e l o c i t y  of  sound ,  
w h e t h e r  a t  ambient  o r  h i g h e r  t e m p e r a t u r e s .  ) 

I n  g e n e r a l ,  t h e r e f o r e ,  s i l e n c e r s  f o r  u s e  w i t h  h o t  g a s e s  need t o  be 
s p e c i a l l y  d e s i g n e d ;  b o t h  i n  terms of  m a t e r i a l s  and t h e i r  a c o u s t i c  
pe r fo rmance .  
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I n t e g r i  t y  

When a s i l e n c e r  i s  i n s t a l l e d  o n  t h e  s u c t i o n  s i d e  o f  a c o m p r e s s o r  
s p e c i a l  a t t e n t i o n  m u s t  b e  p a i d  t o  i t s  i n t e g r i t y  of  c o n s t r u c t i o n  t o  
e n s u r e  t h a t  m a t e r i a l s  a r c  n o t  s u c k e d  i n t o  t h e  m a c h i n e  o r  o t h e r  
d o w n s t r e a m  c o m p o n e n t s .  I t  i s  recommended  t h a t  no r i v e t s  s h o u l d  b e  
u s e d  i n  i t s  c o n s t r u c t i o n .  E r o s i o n  p r o t e c t i o n  o €  t h e  a b s o r p t i v e  
f i l l i n g  is a l s o  a n  i m p o r t a n t  a s p e c t .  

Vibration Isolation 

P i p e s  w h i c h  a r e  r i g i d l y  a t t a c h e d  t o  r o t a t i n g  m a c h i n e s  s u c h  a s  
c o m p r e s s o r s  may t r a n s m i t  a l a r g e  a m o u n t  O F  s t r u c t u r e - b o r n e  n o i s e  
a l o n g  t h e i r  w a l l s ;  i t  may b e  a s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  n o i s e  
f r o m  t h e  m a c h i n e .  T h i s  s t r u c t u r e - b o r n e  n o i s e  w i l l  b e  passed o n  t o  
t h e  w a l l s  of  t h e  s i l e n c e r  a n d  t h e i r  g r e a t e r  a r e a  may l e a d  t o  a n  
i n c r e a s e  i n  t h e  n o i s e  r a d i a t e d  t o  t h e  a i r  c o m p a r e d  w i t h  t h e  o r i g i n a l  
p i p e .  

W h e n e v e r  p o s s i b l e  t h e r e f o r e  a v i b r a t i o n  i s o l a t o r  s h o u l d  b e  i n s e r t e d  
b e t w e e n  t h e  m a c h i n e  a n d  t h e  s i l e n c e r .  T h i s  c o u l d  b e  i n  t h e  f o r m  of 
a s e c t i o n  o f  r u b b e r  o r  p l a s t i c  p i p i n g ,  o r  a t h i c k  f l a n g e  g a s k e t  w i t h  
v i  b r a t  i o n  i s o l a t e d  b o l t s .  However ,  t h i s  c a n  o n l y  b e  u s e d  i n  
l o w - p r e s s u r e  s y s t e m s .  

W i t h  p i p i n g  t h a t  h a s  t o  conform t o  p r e s s u r e  c o d e s ,  t h i s  may n o t  b e  
a c c e p t a b l e  a n d  i t  may b e  n e c e s s a r y  t o  a p p l y  a c o u s t i c  i n s u l a t i o n  t o  
t h e  w a l l s  o f  t h e  s i l e n c e r .  T h i s  h o w e v e r  w i l l  n o t  p r e v e n t  t h e  
f u r t h e r  t r a n s m i s s i o n  of s t r u c t u r e - b o r n e  n o i s e  a l o n g  t h e  p i p e  a n d  i n  
some c a s e s  i t  may be w o r t h  c o n s i d e r i n g  v i b r a t i o n  d a m p i n g  of t h e  w a l l s  
o f  t h e  s i l e n c e r  b y  s u r r o u n d i n g  them w i t h  a s a n d  box o r  a s imi l a r  
a r r a n g e m e n t .  
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6 .  ACOUSTIC REQUIREMENTS 

6 . 1  S p e c i f i c a t i o n  

6.1.1 General 

T h c  p u r c h a s e r  s l i ou l  d s p e c i  Fy t h e  a c o u s t i c  p e r f o r m a n c e  o f  tlie s i l e n c e r  
i n  one of  t h e  f o l l o w i n g  f o r m s ,  and  how i t  s h o u l d  be  m e a s u r e d :  

a )  The dynamic  i n s e r t i o n  l o s s .  

b )  The  sound-power  l e v e l  of t h e  d i s c h a r g e  f r o m  the s i l e n c e r .  

c )  The s o u n d - p r e s s u r e  l e v e l  a t  a s p e c i f i e d  p o s i t i o n  n e a r  t h e  
s i l e n c e r .  

I n  a l l  c a s e s  he  s h o u l d  s p e c i f y  h i s  r e q u i r e m e n t s  i n  o c t a v e  b a n d s  f r o m  
6 3  Hz t o  4 kHz, a n d  i n  some c a s e s  a t  31 Hz a n d  o r  8 kHz. The v e n d o r  
s h o u l d  q u o t e  t h e  p e r f o r m a n c e  o f  t h e  s i l e n c e r  i n  t h e  same terms a n d  
s h o u l d  i n c l u d e  t h e  e f f e c t  o f  r e g e n e r a t e d  n o i s e  i n  h i s  d a t a .  

T h e  p a r a m e t e r  s e l e c t e d  f o r  s p e c i f y i n g  t h e  a c o u s t i c  p e r f o r m a n c e  s h o u l d  
he  b a s e d  o n  t h e  m e t h o d  b y  w h i c h  t h e  s i l e n c e r  w i l l  i ~ l t i m a t e l y  b e  
t e s t e d  i n  o p e r a t i o n .  

6.1.2 Dynamic Insertion L o s s  

T h i s  r e f e r s  t o  t h e  e f f e c t i v e  n o i s e  r e d u c t i o n  o f  t he  s i l e n c e r  w i t h  t h e  
gas  f l o w i n g  t h r o u g h  i t  a n d  would i n c l u d e  t h e  e f f e c t  o f  n o i s e  
r e g e n e r a t e d  b y  t h e  g a s  f l o w .  T o  s p e c i f y  t h i s  p a r a m e t e r ,  t h e  
p u r c h a s e r  w o u l d  n e e d  t o  know t h e  n o i s e  f r o m  t h e  s o u r c e  a n d  t h e  
r e d u c t i o n  r e q u i r e d  t o  meet some work-a rea  o r  n e i g h b o u r h o o d ,  c r i t e r i o n .  

F o r  a n  o p e n  s y s t e m  s u c h  as a v e n t  h e  would m e a s u r e  o r  c a l c u l a t e  t h e  
sound-power l e v e l  of  t h e  u n s i l e n c e d  v e n t  a n d  c o m p a r e  t h i s  w i t h  t h e  
sound-power  l e v e l  r e q u i r e d  t o  meet t h e  c r i t e r i o n .  The d i f f e r e n c e  
b e t w e e n  t h e m  d e f i n e s  t h e  r e q u i r e d  d y n a m i c  i n s e r t i o n  l o s s  o f  t h e  
s i l e n c e r .  

F o r  a c l o s e d  s y s t e m  h e  would need  t o  know tlie i n t e r n a l  sound-power  
l e v e l  o f  t h e  n o i s e  s o u r c e  ( s a y ,  a v a l v e ,  c o m p r e s s o r  o r  o r i f i c e  p l a t e )  
a n d  h o w  t h i s  r e l a t e s  t o  t h e  n o i s e  r a d i a t e d  e x t e r n a l l y  f r o m  t h c  
p i p i n g .  T h e r e  a r e  no  s t a n d a r d  p r o c e d u r e s  a v a i l a b l e  f o r  d o i n g  t h i s  
a t  p r e s e n t  ( a l t h o u g h  some a r e  b e i n g  d e v e l o p e d )  s o  t h i s  t e c h n i q u e  i s  
u n l i k e l y  t o  be w i d e l y  u s e d  f o r  t h e  time b e i n g .  

6 . 1 -  3 Sound-Power Level  

I n  s p e c i f y i n g  t h e  sound-power l e v e l  o f  t l i e  d i s c h a r g e  f r o m  t h e  
s i l e n c e r ,  t h e  p u r c h a s e r  i s  p a s s i n g  t o  tlie v e n d o r  tlie r e s p o n s i b i l i t y  
o f  e s t i m a t i n g  t h e  n o i s e  g e n e r a t i o n  due  t o  t h e  g a s  f l o w .  T h i s  w i l l  
d e p e n d  on t h e  r e l a t i v e  e x p e r t i s e  o f  t h e  two p a r t i e s .  

T h e r e  a r c  v a r i o u s  p r o c e d u r e s  f o r  c a l c u l a t i n g  tlie n o i s e  d u e  t o  g a s e s  
d i s c h a r g i n g  €rom o p e n  p i p e s ,  some s o p h i s t i c a t e d  a n d  some s i m p l e ,  a n d  
t h e  c h o i c e  w i l l  d e p e n d  on  t h e  p a r t i c u l a r  c i r c u m s t a n c e s  - 
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Many v e n d o r s  u s e  p r o c e d u r e s  w h i c h  t h e y  c o n s i d e r  s u i t a b l e  a n d  t h e  
p u r c h a s e r  must s a t i s f y  h i m s e l f  t h a t  t h e  p r o c e d u r e  u s e d  i s  a c c e p t a b l e  
t o  h i m .  

6 . 1 . 4  S o u n d - P r e s s u r e  L e v e l  

T h e  p u r c h a s e r  may d e f i n e  t h e  r e q u i r e d  s o u n d - p r e s s u r e  l e v e l  a t  a 
s p e c i f i e d  p o s i t i o n  o r  t h e  r e q u i r e d  r e d u c t i o n  of  t h e  s o u n d - p r e s s u r e  
l e v e l  a t  t h a t  p o s i t i o n  f r o m  a s p e c i f i e d  l e v e l .  

In t h e  f i r s t  c a s e ,  t h i s  l e a v e s  t h e  v e n d o r  w i t h  t h e  r e s p o n s i b i l i t y  of 
m a k i n g  t h e  n e c e s s a r y  a c o u s t i c  c a l c u l a t i o n s  - a n d  t h i s  m u s t  b e  
a c c e p t a b l e  t o  t h e  p u r c h a s e r .  I n  t h e  s e c o n d  case ( p r o b a b l y  t h e  more  
l i k e l y  p o s s i b i l i t y  o f  t h e  t w o )  t h e  v e n d o r  m u s t  r e l a t e  t h e  known 
c h a r a c t e r i s t i c s  of h i s  s i l e n c e r  w i t h  i t s  e f f e c t  o n  t h e  o t h e r  a c o u s t i c  
p r o p e r t i e s  o f  t h e  s y s t e m ;  i n  a c l o s e d  s y s t e m  f o r  e x a m p l e ,  w i t h  t h e  
e f f e c t  o n  s t r u c t u r e - b o r n e  n o i s e  a n d  the r e l a t i o n  w i t h  t h e  f r e q u e n c y  
i n  c h a r a c t e r i s t i c s  o f  t h e  p i p e  w a l l s .  T h e  s i m p l e  u s e  o f  d y n a m i c  
i n s e r t i o n  l o s s  may n o t  b e  s u f f i c i e n t  f o r  t h i s  p u r p o s e .  For  a n  o p e n  
s y s t e m  s u c h  a s  a v e n t  h e  would h a v e  t o  c o n s i d e r  t h e  p r o p a g a t i o n  p a t h  
t o  t h e  s p e c i f i e d  p o s i t i o n .  

6.1.5 Narrow-Band ( T o n a l )  Noise 

When t h e  s o u r c e  n o i s e  c o n t a i n s  na r row-band  c o m p o n e n t s  i t  w i l l  b e  
n e c e s s a r y  t o  r e d u c e  t h e m  t o  a l e v e l  w h e r e  t h e y  a r e  m a s k e d  b y  
b r o a d - b a n d  n o i s e  f r o m  o t h e r  s o u r c e s .  I t  i s  p o s s i b l e  t o  m a k e  a 
d e t a i l e d  s t u d y  o f  t h e  n o i s e  s p e c t r u m  by na r row-band  a n a l y s i s ;  b u t  
f o r  mos t  p u r p o s e s  i t  i s  s u f f i c i e n t  t o  make a s u b j e c t i v e  j u d g e m e n t  by 
e a r  o f  t h e  p r e s e n c e  of a narrow-band c o m p o n e n t ,  and  w h e t h e r  i t  i s  a 
d o m i n a n t  f e a t u r e  o f  t h e  s o u r c e  n o i s e .  T h e  o c t a v e  band i n  w h i c h  i t  
o c c u r s  may b e  i n d i c a t e d  by a p e a k  i n  t h e  s p e c t r u m  o r  i t  c o u l d  b e  
d e t e r m i n e d  by c o m p a r i s o n  w i t h  a s o u r c e  o f  known f r e q u e n c y ;  w i t h  
r o t a t i n g  e q u i p m e n t  i t  may be c a l c u l a t e d  f r o m  t h e  b l a d e - p a s s i n g  
f r e q u e n c y  of t h e  r o t o r .  

R e f .  1 g i v e s  r e c o m m e n d a t i o n s  f o r  t h e  amoun t  by w h i c h  t h e  na r row-band  
n o i s e  mus t  be  r e d u c e d  t o  b e  masked by b r o a d - b a n d  b a c k g r o u n d  n o i s e ;  
i t  d e p e n d s  on t h e  f r e q u e n c y  o f  t h e  componen t  and  G t i e t h e r  t h e  
r e d u c t i o n  i s  r e q u i r e d  € o r  w o r k - a r e a  o r  n e i g h b o u r h o o d  n o i s e .  The 
r e d u c t i o n  refers  t o  t h e  o c t a v e  band i n  w h i c h  the na r row-band  n o i s e  
o c c u r s  a n d  t h e r e f o r e  d e f i n e s  t h e  i n s e r t i o n  l o s s  of t h e  s i l e n c e r  i n  
t h a t  b a n d ;  i t  means t h a t  a n  a b s o r p t i v e  s i l e n c e r  w i l l  h a v e  t o o  g r e a t  
a n  i n s e r t i o n  l o s s  i n  t h e  n e i g h b o u r i n g  b a n d s  s i n c e  i t s  c h a r a c t e r i s t i c s  
d o  n o t  g i v e  band-pass  e f f e c t s .  

6 . 1 . 6  Details to be a g r e e d  b e t v e e n  P u r c h a s e r  a n d  V e n d o r  

T h e  f o l l o w i n g  d e t a i l s  s h o u l d  be  a g r e e d  w i t h  t h e  p u r c h a s e r :  

a )  T h e  p i p e  s i z e  a n d  t h e  t y p e  o f  c o n n e c t i o n  r e q u i r e d  o n  t h e  
s i l e n c e r  i n l e t ;  a l s o ,  a n y  f o r c e s  d u e  t o  a t t a c h e d  p i p i n g  and  
r e a c t i v e  f o r c e s  d u e  t o  t h e  p i p i n g .  
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b )  The  f l o w  c o n d i t i o n s ,  i n c l u d i n g :  

i )  Gas o r  v a p o u r  and  i t s  m o l e c u l a r  w e i g h t  

i i )  T y p e  o f  v a l v e ,  i t s  s i z e  a n d  c h a r a c t e r i s t i c s  ( f o r  
e x a m p l e ,  Cv/Cg) 

i i i )  P r e s s u r e  and  t e m p e r a t u r e  u p s t r e a m  a n d  d o w n s t r e a m  o f  v a l v e  

i v )  Maximum mass - f low r a t e  

v )  Maximum p r e s s u r e  a t  t h e  s i l e n c e r  i n l e t  

v i )  P r e s s u r e  d r o p  a c r o s s  t h e  s i l e n c e r  

v i i )  Maximum v e l o c i t y  i n  a b s o r p t i o n  s e c t i o n  of s i l e n c e r .  

c >  The  a c o u s t i c  p e r f o r m a n c e .  

d )  T h e  a p p r o p r i a t e  p r e s s u r e  c o d e  ( i f  a p p l i c a b l e )  a n d  t h e  d e s i g n  
p r e s s u r e .  

e )  The  p o s i t i o n  a n d  t y p e  o f  d r a i n  c o n n e c t i o n s .  

f )  D r a w i n g s  s h o w i n g  t h e  g e n e r a l  d i m e n s i o n s ,  d e t a i l e d  a r r a n g e m e n t  
of t h e  i n t e r n a l  € i t t i n g s ,  m a t e r i a l s  of c o n s t r u c t i o n  and 
s u r f a c e  t r e a t m e n t .  

s )  T h e  p o s i t i o n  and  s t y l e  o f  t h e  i d e n t i f i c a t i o n  m a r k s  and  
i n d i c a t i o n  o f  f l o w  d i r e c t i o n .  

h )  O p e r a t i n g  e n v i r o n m e n t  ( c l i m a t e ,  d e s i g n  w i n d  s p e e d ) .  

6.2 Test i ng 

I t  i s  n o t  e a s y  t o  t e s t  a s i l e n c e r  i n  a n  o p e r a t i n g  p l a n t ,  p a r t i c u l a r l y  
t o  o b t a i n  r e s u l t s  w h i c h  would be  a c c u r a t e  e n o u g h  f o r  c o n t r a c t u a l  
d i s p u t e s .  F r e q u e n t l y  t h i s  i s  d u e  t o  t h e  i n t e r f e r e n c e  of  b a c k g r o u n d  
n o i s e  f r o m  o t h e r  e q u i p m e n t ;  b u t ,  o f t e n ,  i t  i s  d i f f i c u l t  t o  o b t a i n  
c o m p a r a t i v e  m e a s u r e m e n t s  of t h e  n o i s e  s o u r c e  b e f o r e  and  a f t e r  t h e  
s i l e n c e r  i s  a d d e d .  G e n e r a l l y ,  i f  t h e  a r e a - n o i s e  c r i t e r i o n  (work 
a r e a  o r  n e i g h b o u r h o o d  l e v e l s )  i s  m e t  a f t e r  i n s t a l l i n g  t h e  s i l e n c e r ,  
t h e  p u r c h a s e r  w i l l  b e  s a t i s f i e d  a n d  w i l l  n o t  be c o n c e r n e d  w i t h  
w h e t h e r  t h e  s i l e n c e r  h a s  p e r f o r m e d  i n  a c c o r d a n c e  w i t h  t h e  v e n d o r ' s  
c l a i m s .  The p r o b l e m  a r i s e s  when t h e  c r i t e r i o n  i s  n o t  met and  i t  i s  
n e c e s s a r y  t o  p r o v e  t h a t  the  s i l e n c e r  p e r f o r m a n c e  h a s  n o t  m e t  t h e  
s p e c i f i c a t i o n .  

6.2.1 Dynamic Insertion L o s s  

T O  d e t e r m i n e  t h e  dynamic  i n s e r t i o n  l o s s  o f  t h e  s i l e n c e r  i t  w i l l  be 
n e c e s s a r y  t o  make e q u i v a l e n t .  m e a s u r e m e n t s  w i t h  a n d  w i t h o u t  t h e  
s i l e n c e r  i n  p o s i t i o n .  T h e s e  s h o u l d  be  m e a s u r e m e n t s  of  sound-power 
l e v e l  o r  s o u n d - p r e s s u r e  l e v e l  a t  t h e  o u t l e t  f r o m  t h e  s y s t e m .  
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I t  w i l l  n o t  n o r m a l l y  be p o s s i b l e  t h e r e f o r e  t o  make a c c u r a t e  
d e t e r m i n a t i o n s  of t h e  i n s e r t i o n  l o s s  of i n - l i n e  s i l ence r s  because  t h e  
measurements  would have  t o  be made o u t s i d e  t h e  p i p i n g  s y s t e m  and 
would be i n f l u e n c e d  by t h e  a c o u s t i c  c h a r a c t e r i s t i c s  of  t h e  p i p e  w a l l s  
( t r a n s m i s s i o n  l o s s  and s t r u c t u r e - b o r n e  n o i s e ) .  

6 . 2 . 2  Sound-Power L e v e l  

T h e  sound-power l e v e l  of  t h e  s o u r c e  and s i l e n c e r  s h o u l d  be measured 
by  o n e  o f  t h e  p r o c e d u r e s  g i v e n  i n  EEMUA P u b l i c a t i o n  No.140 (Ref .  1 ) .  
F o r  v e n t  and e x h a u s t  s i l e n c e r s  i t  w i l l  u s u a l l y  be most s u i t a b l e  t o  
u s e  t h e  s m a l l - s o u r c e  method; s o u n d - p r e s s u r e  l e v e l  measurements  would 
t h e n  b e  made on a h e m i s p h e r i c a l  o r  s p h e r i c a l  measurement s u r f a c e  
whose r a d i u s  i s  l a r g e  compared w i t h  t h e  s o u r c e  d i m e n s i o n s .  

S i l e n c e r s  i n  v e n t i l a t i o n  s y s t e m s  s h o u l d  be t e s t e d  a c c o r d i n g  t o  BS 
4 7 1 8 .  I n - l i n e  s i l e n c e r s  i n  p i p i n g  s y s t e m s  s h o u l d  be t e s t ed  by t h e  
p r o c e d u r e s  i n  R e f .  1. T h i s  w i l l  mean d e t e r m i n i n g  t h e  r a d i a t e d  
sound-power l e v e l  of t h e  p i p e  downstream of  t h e  s i l e n c e r ,  e i t h e r  by 
a c o u s t i c  o r  by v i b r a t i o n  measurements .  

L a r g e  s i l e n c e r s  f o r  f a n s  o r  g a s - t u r b i n e  i n l e t s  may be t e s t e d  w i t h  t h e  
l a r g e - s o u r c e  method o f  Ref .  1. 

6.2.3 Sound-Pressure  L e v e l  

I n  p r i n c i p l e  i t  i s  s t r a i g h t f o r w a r d  t o  measu re  t h e  s o u n d - p r e s s u r e  
l e v e l  a t  a s p e c i f i e d  p o s i t i o n  n e a r  t h e  s i l e n c e r  and t o  compare i t  
w i t h  a c r i t e r i o n  o r  w i t h  t h e  s o u n d - p r e s s u r e  l e v e l  w i t h o u t  t h e  
s i l e n c e r .  However, t h e  measurements  s u f f e r  t h e  same problems a s  t h e  
methods d i s c u s s e d  above ;  t h e y  may be a f f e c t e d  by background n o i s e ;  
and  i t  may be d i f f i c u l t  t o  r e p r o d u c e  t h e  same o p e r a t i n g  and 
b a c k g r o u n d  c o n d i t i o n s  w i t h  and w i t h o u t  t h e  s i l e n c e r .  ,But f o r  many 
p u r p o s e s  th is  may be t h e  most u s e f u l  and d i r e c t  t e s t  of t h e  s i l e n c e r ;  
f o r  e x a m p l e ,  f o r  s m a l l  s i l e n c e r s  o n  t o o l s  and v e h i c l e s ,  o r  where t h e  
s o u r c e  n o i s e  d o m i n a t e s  t h e  background.  
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APPENDIX A 

GLOSSARY O F  ACOUSTIC E R M S  

A - 1  The Decibel 

S e v e r a l  i m p o r t a n t  a c o u s t i c  q u a n t i t i e s  a r e  m e a s u r e d  i n  terms o f  
d e c i b e l s .  The  d e c i b e l  i s  t e n  t imes t h e  l o g a r i t h m  of t h e  p h y s i c a l  
q u a n t i t y  d i v i d e d  by a r e f e r e n c e  v a l u e .  T h e  I n t e r n a t i o n a l  S t a n d a r d s  
O r g a n i s a t i o n  (ISO) h a s  d e f i n e d  t h e  a p p r o p r i a t e  r e f e r e n c e  v a l u e s  f o r  
t h e  a c o u s t i c  q u a n t i t i e s  i n  common u s e .  Any p h y s i c a l  q u a n t i t y  
m e a s u r e d  i n  d e c i b e l s  is  r e f e r r e d  t o  a s  a " l eve l " .  Examples  a re  
s o u n d - p r e s s u r e  l e v e l  a n d  sound-power l e v e l .  

A . 2  Sound-Pressure Level 

T h i s  i s  a n  i n d i c a t i o n  of t h e  l o u d n e s s  of  a n o i s e  a n d  i s  t h e  q u a n t i t y  
m e a s u r e d  by  s o u n d - l e v e l  ( o r  " n o i s e " )  meters.  As i t s  name i m p l i e s ,  
i t  i s  m e a s u r e d  i n  d e c i b e l s  and  i t  i s  t e n  t imes t h e  l o g a r i t h m  o f  t h e  
m e a n - s q u a r e  of t h e  p r e s s u r e  v a r i a t i o n s  ( a b o v e  a n d  below t h e  a m b i e n t  
p r e s s u r e )  w h i c h  f o r m  t h e  s o u n d  e n e r g y .  I t  is d e f i n e d  a s :  

2 2  
L = 10 l o g l o  ( P  /p0 ) (dB)  

P 

w h e r e ,  

i s  t h e  i n s t a n t a n e o u s  p r e s s u r e  v r i a t i o n  f r o m  t h e  a m b i e n t  
p r e s s u r e  ( m e a s u r e d  i n  Pa o r  N/m ) 

is  t h e  mean- squa re  p r e s s u r e  v a r i a t i o n  

i s  t h e  r e f e r e n c e  q u a n t i t y  of 20 x 10-6 Pa 

P 9 
2 

P 

P O  

A . 3  Sound-Power Level 

T h i s  i s  t h e  m e a s u r e  of  t h e  a c o u s t i c  power ( i n  w a t t s )  e m i t t e d  b y  a 
n o i s e  s o u r c e .  T h e  r e l e v a n t  d e c i b e l  term i s  t e n  t ime t h e  a c o u s t i c  
p o w e r  o f  t h e  s o u r c e  d i v i d e d  b y  t h e  r e f e r e n c e  q u a n t i t y .  I t  i s  
d e f i n e d  a s :  

I, = 
W 

w h e r e ,  

IJ i s  t h e  a c o u s t i c  power of t h e  s o u r c e  ( i n  w a t t s )  

- 1 Z w  i s  t h e  r e f e r e n c e  q u a n t i t y  o f  10 

T h i s  t e rm i s  u s u a l l y  n u m e r i c a l l y  l a r g e r  t h a n  t h e  s o u n d - p r e s s u r e  l e v e l  
a n d  m u s t  n o t  b e  c o n f u s e d  w i t h  i t  b e c a u s e  i t  i s  a l s o  m e a s u r e d  i n  
d e c i b e l s .  I t  i s  a n a l o g o u s  t o  t h e  power o f ,  s a y ,  a n  e l e c t r i c - l i g h t  
b u l b ,  w h e r e a s  t h e  s o u n d - p r e s s u r e  l e v e l  wou ld  b e  a n a l o g o u s  t o  the  
b r i g h t n e s s  of  l i g h t  a s  s e e n  by  t h e  e y e .  The  a c o u s t i c  sound  power o f  
a s u r c e  i s  a r e l a t i v e l y  smal l  q u a n t i t y  a n d  may b e  i n  t h e  r a n g e  of 
10- e 

t o  IO-' of t h e  m e c h a n i c a l  power o €  a p i e c e  o f  e q u i p m e n t .  

I'revio 11s page 
is hlanh 



APPENDIX A 

A .  4 Frequency 

T h e  f r e q u e n c y  o f  a s o u n d  i s  a m e a s u r e  of i t s  " p i t c h " .  I t  i s  now 
m e a s u r e d  i n  h e r t z  (Hz), w h i c h  r e p l a c e s  t h e  o l d e r  term, c y c l e s  p e r  
s e c o n d  ( c p s ) .  H i g h  f r e q u e n c i e s  of a u d i b l e  s o u n d s  a r e  m e a s u r e d  i n  
k i l o h e r t z  (kHz) .  

A. 5 Broad-Band Noise 

Most i n d u s t r i a l  n o i s e s  c o n s i s t  o f  a c o n t i n u o u s  s p e c t r u m  of 
f r e q u e n c i e s ,  a n a l o g o u s  t o  w h i t e  l i g h t ,  and  t h i s  i s  r e f e r r e d  t o  as  
" b r o a d - b a n d  n o i s e " .  I n  n a t u r e ,  t h i s  i s  t y p i f i e d  by t h e  n o i s e  f r o m  a 
w a t e r f a l l  w h i c h  c o n t a i n s  a m i x t u r e  o f  s o u n d s  r a n g i n g  c o n t i n u o u s l y  i n  
f r e q u e n c y  f rom a roar t o  a h i s s .  

A .  6 Octave Bands 

I n  o r d e r  t o  o b t a i n  a r o u g h  s p e c t r u m  of t h e  * ' c h a r a c t e r "  of a n o i s e  i t  
is common p r a c t i c e  t o  m e a s u r e  t h e  n o i s e  e n e r g y  s e p a r a t e l y  i n  v a r i o u s  
f r e q u e n c y  b a n d s .  T h e s e  b a n d s  h a v e  b e e n  d e f i n e d  i n t e r n a t i o n a l l y  by 
t h e  I S 0  a n d  c o n s i s t  of a s e r i e s  o f  a d j a c e n t  b a n d s  w h o s e  c e n t r e  
f r e q u e n c i e s  d o u b l e  i n  v a l u e  f r o m  o n e  t o  a n o t h e r .  The  most  commonly 
u s e d  b a n d s  h a v e  c e n t r e  f r e q u e n c i e s  of 63, 125, 250, 500, 1000, 2000, 
4 0 0 0 ,  a n d  8000 Hz. For  s p e c i a l  p u r p o s e s ,  measurements c a n  he  m a d e  
i n  o t h e r  o c t a v e  b a n d s ,  s u c h  as  31.5Hz and  16000Hz. 

A .  7 Narrow-Band or Tonal Noise 

T h e  s o u n d  e m i t t e d  b y  a m u s i c a l  i n s t r u m e n t  c o n s i s t s  of a s e r i e s  o f  
d i s c r e t e  t o n e s  ( t h e  f u n d a m e n t a l  n o t e  p l u s  h a r m o n i c s )  and  t h e i r  
f r e q u e n c i e s  a r e  w e l l  d e f i n e d .  Some i n d u s t r i a l  e q u i p m e n t  c a n  e m i t  
m u s i c a l  n o t e s  ( i n  a d d i t i o n  t o  broad-band n o i s e )  and t h i s  i s  r e f e r r e d  
t o  a s  " t o n a l  n o i s e " .  More o f t e n ,  t h e  f r e q u e n c i e s  a r e  n o t  a s  
u n i q u e l y  d e f i n e d  as  i n  m u s i c a l  i n s t r u m e n t s  and c o n s i s t  o f  a n a r r o w  
r a n g e  o f  f r e q u e n c i e s ,  r e f e r r e d  t o  a s  "narrow-band n o i s e " .  The  t w o  
terms a r e  o f t e n  u s e d  i n t e r c h a n g e a b l y  t o  d e s c r i b e  a n o i s e  w h e r e  t o n e s  
s t a n d  o u t  a b o v e  t h e  broad-band n o i s e .  
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APPENDIX B 

MODEL DATA SHEET FOR SPECIFYING A SILENCER 

Specification for Purchase of a Silencer 

PART 1 INFORHATION FROM PURCHASER 

NOTES A : Equipment to be Silenced 

(Delete items which a r e  inapplicable) 

Plant: 

(1) Type of Equipment: 
Item No: 
T y p e  of Silencer Required: 

(2) B : Acoustic Data 

Noise Type: Continuous/Intermittent 
If intermittent, Duration. . . . .  hours. 
Frequency of occurrence.... times/day/week/month. 

Noise Emission of Equipment 

Octave-band centre frequency (Hz)  

I J n s i  lenced sound-power level (dB) 

Unsilenced sound-pressure l e v e l  (dB) 

( 3 )  Measurement posit ion: 

( 4 )  Narrow-Band Noise (tick 0.B.s)  

125 250 500 1K 2 K  4 K  8 K  

Il_-I1c 
(5) Required Acouscic Performance of Si lencer  

Dynamic insertion l o s s  (dB 1 
Silenced sound-power level (dB 1 
Silenced sound-pressure level ( d B )  

( 6 )  Measurement position: 

C : Process Details 

Gas/Vapour: 1401. Weight: 
Mass flow rate: ( k g l s  1 
Gas /Vapour Temperature : ( O C )  

Pressure difference limit across silencers: minimum: ( b a r  1 
maximum: (bar) 

Inlet pressure t o  silencer 
Outlet pressure 
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D : Constructional Requirements for Silencer ( S e e  Drawing No: ...) 

Operating environment (climate) 

- Temperature range ( O C )  

- Wind loading 

Silencer to be installed in open/under cover, horizontal/vertical. 

Materials o €  construction: 
- casing 
- absorptive filling 
- impervious membrane 

Painting schedule before delivery: 
Details of installation: 

- space available 
- maximum weight (kg) 
- inlet flange size/rating .... mm/ .... BS/ANSI 
- outlet flange size/rating . . .  mm/ .... RS/ANSI 

- stresses from adjacent pipe connections 
- drain connections 

Pressure-vessel code: 
Design pressure: (bar A )  
Design temperature range ( C )  
Position and style of identification marks 
Access f o r  inspection and maintenance 

PART 2 INFORHATION TU BE SUPPLIED BY VENDOR 

A : Design Details 

Silencer type (absorptive/reactive/diffuser etc). 
Drawing showing dimensions, arrangement of internals and drain 
connections and direction of flow. 
Flange sizelrating 
Pressure rating (for pressure vessel) 

Materials of construction: 
- casing 
- flanges 
- absorptive filling 
- impermeable membrane 

Method of retention of absorptive filling 
Method of securing internals (bolts/rivets/welding) 
Supporting structure required 
Foundation and holding-down requirements 
Pressure difference at maximum flow rate 
Maximum fluid velocity in absorptive section 
Weight of complete unit 
Maximum operating temperature 
Surface protection at delivery 
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B : Acoustic P e r f o m n c e  vith the Process Fluid a t  Operating 
Temperature 

Octave-Band Centre Frequency (Hz) 

Dynamic insertion l o s s  

Silenced sound-pressure level (dB) 

Silenced sound-power level 

Measurement position 

Description of the basis of the 
( c a l c u l a t i o n s / r n e a s u r e r n e n t s )  
Other remarks  on application of silencer 

NOTES ON MODEL SPECIFICATION 

(1)  Give details of type o f '  valve/compressor 

performance estimates 

etc. and any special 
characteristics, such as cylinder frequency in reciprocating machines. 

(2) A general indication of the application will be of use to the vendor, 
who may have specialised advice to offer. 

( 3 ) ,  (6) The measurement position f o r  sound-pressure level measurements should 
be  indicated on a dimensioned sketch. 

( 4  1 Indicate the octave band o r  bands where narrow-band noise occurs. 

( 5 )  T h e  required acoustic performance should include any reductions to 
reduce narrow-band noise in the appropriate octave bands. 
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Chambers 

Baff le 

Reactive Silencer 

F igure 1 
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Split t e rs 

Perforated facing over 
absorption material 

Rectangular Absorptive Silencer 

Figure 2 
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Diffuser 
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Splitters w i t h  
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m a teria I 

Corn bined Reactive and Absorptive Silencer 

Figure  3 
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Form of Helmoltz Resonator 

Figure 4 



Resistive packing 

F igu re  5 
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Diffuser Silencer 

, Holdir g down grid 

+ Support grid 
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Multihole Silencer 
( sometimes referred to  as a Diffuser Silencer ) 
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