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When this handbook was written. the author Included 
Information and expressed opinions which he believed to be 
correct and reliable. However, because of the constant 
advance of technical knowledge, the widely differing 
con di tlons of possible specific applications. and the 
possibility of m!sappllcation. neither the author. nor his 
Company. makes or implies any warranty with respect to. 
or assumes any liability arising out of this handbook. Its 
contents or its use. 

March. 1982 

ABSTRACT 

. This handbook Is about noise-the noise produced by 
vents and blowdowns, engines. blowers. comprESSOrs and 
other sources common to the manufacturing, petroleum. 
gas, and chemical industries. Emphasis ls placed on the 
source of noise, its cure and the standards by which it 1s 
judged 

Due to the general often semi-technical. approach to many 
aspects of noise control presented In this handbook. many 
details and theoretical procedures have been omitted or 
condensed for simplicity. The procedures and guidelines 
presented have been prepared to aid in the solution of many 
of the most common Industrial noise problems. Solutions to 
more complex problems may require more detail and stuey. 
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Chapter 1 
INTRODUCTlON TO NOISE 

Over the years, many neighborhoods that once were as 
quiet as the proverbial church mouse have fallen victim to 
both industrial and populous encroachment As a result. 
numerous laws, regulations and ordinances have been 
enacted to control excessive noise. Worker compensation for 
job-related loss of hearing has increased tenfold since 1960, 
largely due to: (a) a growing worker awareness and concern 
about the physical effects of excessive noise, (bl the 
industrtal trend to increased horsepower - with higher 
speeds, elevated pressures and temperatures - and 
increased noise and (c) the economy of layout and 
construction. 

Worker exposure to excessive noise over an extended 
pertod may result in a permanent loss of hearing. Noise can 
also be hazardous as well as objectionable to nearby 
residents. With tighter controls now in effect, eve,y effort 
showd be made to eliminate or measurably reduce noise at 
Its source in a logical and systematic manner. Developing 
and implementing a noise control program warrants the 
attention and involvement of all levels of engineertng and 
operations management. 

In the United States, lndustrtal plants are legally 
responsible for worker safety, including control and 
abatement of excessive noise. One of the provisions of the 
Occupational Safety and Health Act (OSHA) of 1970 relates 
specifically to the occupational exposure of workers to noise. 
The maximum permissible noise level of 90 dBA (based on 
an eight-hour, time-weighted average) adopted by this 
Federal Safety Act is now the industry-wide standard used in 
most hearing conservation programs. 

Under the Noise Control Act of 1972, the Environmental 
Protection Agency (EPA) was mandated by Congress to 
establish noise limits protective of public health and 
welfare with an adequate margin of safety. The EPA 
recommended a level of 75 dBA for eight-hour worker 
exposure and a level of 55 dBA outdoors. These 
recommendations are not expected to be adopted and 
enforced in the Immediate future, as more study and analysis 
Is needed. 

1n addition to federal regulatmy efforts, states and cities 
have set maximum noise levels acceptable at plant property 
lines. These levels typically vary according to area zoning -
heavy industrial, industrial, commercial, residential and 
hospital. 

Foreign governments are dealing with their noise 
problems in a vartety of ways: 

• In Europe, as In the United States, controls are
subject to considerable legal controversy and debate.

• The United Kingdom considers noise a nuisance,
and worker recourse is largely through common law,
not by governmental decree.

• French manufacturers are required to publish noise
levels of their products for user review and
evaluation.

• Sweden has a "foundation" for the protection of
workers. Each employer is subject to a payroll tax for
the Improvement of the work environment.

• West Germany has the most stringent laws
regulating noise. Control rests with state authorities.

In the United States, when workers are subjected to 
excessive noise. OSHA regulations require that 
administrative and/or engineering controls be applied. 
Where there Is no practical engineering solution, 
administrative controls apply. Such controls may include 
reducing worker exposure time or requirtng that w_orkers In
the area wear personal heartng protection - ear plugs or ear 
muffs. But whenever technically and economically feasible, 
engineering controls should be applied. Ideally, the results 
must: (a) reduce hearing risks to acceptable levels and (bl be 
cost effective. Amid the controversies surrounding this 
subject. there is one area of universal agreement - that 
effective noise control can result In Improved worker 
communications, Increased productivity, higher quality of 
work output and a quieter, safer environment as well 
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Chapter 2 
REVIEW OF THE FUNDAMENTALS 

Sound Is actually as old as creation itself. but the science 
of sound, acoustics, Is closely associated with the grm:vth of 
civilization. The basic theoiy of the origin, propagation and 
reception of sound was conceived at an early stage In the 
development of human thought, More than two thousand 
years ago, ancient Greek philosophers were convinced that 
sound originated in the motion of parts of the body. They 
believed that sound was transmitted through the air by 
some undefined bodily motions, and that this movement 
near the ear produc-ed the sensation of hearing. Admittedly 
vague by present day standards, this early concept does not 
vary greatly from our modem theory of sound 

Fonnulatlon of the mathematics of sound Is credited to 
Sir Isaac Newlon who, in the early part of the 18th centuiy, 
derived many of our laws of physics. But the 1877 
publication of Lord Rayleigh's The Theory of Sound marked 
the beginning of sound technology as we know It today. Yet, 
there remain many unanswered questions in both the 
theoiy and application, making noise control today as much 
an art as it 1s an exact science. 

A look at the fundamentals of noise must begln with a few 
basic definitions. 

SOUND Is the sensation of hearing. 
NOISE Is unwanted sound Noise may be continuous, 

lnterrnittent or e.'Tatlc. depending upon the source. lt 
annoys, distracts and generally upsets and lnterrupts the 
tranquility of an otherwise homogeneous and peaceful 
enVironment. 

The DECmEL {dB) is the unit of measurement used In 
noise control It ls a dl menslonless unit used to express 
logarithmically the ratio of a sound level to a reference level 
The reference level is usually 0.0002 m!crobar ( p. bar). 

While the weakest sound an average person can detect tq 
about 20 dB, the human ear can tolerate sound pressures 
up to 100,00J times higher! This ts graphically shown in 
Figure 2-1. 
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Figure 2-1. TYPICAL SOUND PRESSURE LEVELS 

Audible frequencies are divided into OCTAVE BANDS for 
basic analysis. An octave band ls a range of sound 
frequencies with an upper llmlt twice !ts lower limit (ratio 
of 2:lJ. The center (or geometric mid-frequency) 1s the 
square root of the product of the upper and lower cutoff 
frequencies of a pass band The preferred octave bands 
using 1,000 Hz (cps) as a reference are shown in Figure 2-2 
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Figure 2-2. PREFERRED OCTAVE BANDS
Decibels are COMBINED LOGARITHMICALLY on an energy basis (not added directly as In: 95 dB + 95 dB cf 190dB). Any two noise levels may be combined With an acceptable degree of accuracy, as shown in Figure 2-3.3 
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Multiple noise levels may also be combined using the method shown In Figure 2-4 or, In the case of equal noise levels, by simply applying the correction shown in Table 2-1.Theoretically, addition of equal sources In this manner must be assumed as a single point source. As long as the sources to be added are In close proximity, the results Will bereasonably accurate and only somewhat conservative
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Figure 2-4. COMBINING OCTAVE BAND NOISE LEVELS
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Table 2-L COMBINING MULTIPLE SOURCES OF EQUAL NOISE
The decibel represents a relative value or ratio. not an 

absolute value, and In noise controL the decibel :evel Is dstated as either sound pressure level (SPL or Lp or soun 
power level (PWL or Lw).



The SOUND PRESSURE LEVEL (L J d !be! P expressed Inec s ls a ratio of a sound pressure to a referencepressure and ls defined as: 

Lp-20Lo P- g 0.0002 dB, re0.0002 /J. bar(standardreferencepressure)

Noise (Lp) In a free field (based upon hem!s herlcalpropagation) ls readlly determined, where: 
p 

Lp (hemisphere) = Lp (sphere) + 3 dB ground reflection

! Lp = Lw- 20 Log r + 2.5 dB

Where Lw = Sound Power Level (dB.) 

r = dJstance from source (ft.) 

h
Hemlspher!cal propagation (divergence) of noise occurs w ere the source ls near th 

dlrected horizontally and is: lf'�':!�
r

o;!e;�� :
und Is

source. Note that ln Table 2 -2. when the distance fr::\the 
source ls either doubled or halved the change In Lp ls 6 �-

Dlstance from source, ft. Lw to Lp Conversion. dB
3 7 

5 
-11

10 17 

20 23 

25 -25

50 -31

100 -37

200 -43

400 
-49

BOO 
.55 

l000 
-57 

Table 2-2. HEMISPHERICAL PROPAGATION(-20 Log r + 2.5 dB) 

Lp, which Is dependent upon distance and, to some extent,
upon the acoustic environment ls easily measured with a 
sound level meter. Lp values without reference to distance 
are essentially meaningless. To estimate the Lp at a distance
greater than that at which It was measured:

Lp " Lp - 20 Log
(Desired Distance) (Distance) 

Example: 120 dB measured at 3 ft Find Lp at l 00 ft 

Lp . 0 120 - 20 Log 1
100 ) 0 90 dB

!100) 3 

Desired Distance 
Dlst.ancc 

SOUND POWER LEVEL (Lw) ls the measure of the total 
acoustic power radiated by a given source and ls defined as:

W -12
Lw ·= 10 Log - dB. re 10 watts 

10 -12

The Lw ls constant for a given source and ls Independent 
of the acoustic environment It cannot be measured directly,
but must be calculated. Lw can be described as roughly
equal to the watt rating of a light bulb. Whereas Lp ls· 
eomparable to the amount of l!ght produced at a given 
distance from the bulb In any given environment Just as 
more llght Is produced in a light colored room than in a 
dark colored room, Lp ls higher 1n a reverberant (reflective)
environment than In a room with highly sound-absorptive
surfaces. 

Most U.S. manufacturers publish or make avallable the
sound power level (Lw) of their fans, turbines and other 
equipment Where the actual unsilenced Lw or Lp is 
unavailable, one must rely on calculated or extrapolated data
which are only an approximation. 

When noise is emitted to the outdoors from the open end
of an intake or exhaust stack (either vertical or horizontal),
noise levels are higher directly In front of the stack than at 
the side. At positions directly in line with the stack opening
(0° J, noise levels are higher than If from a non-dlrectlonal, 
unducted source free to propagate noise equally In all 
directions. The effect of DIREC'I1VI1Y may be positive or 
negative, dependlng on the angle and the size of the stack
Average values are shown in Table 2-3.



Ambient BACKGROUND NOISE IS a complex phenomenon
that fluctuates with time and proximity to roads. trafllc,
shielding from buildlngs and other fuctors. When vent 
blowdown and other notses are measured. care must be
taken to record only the direct airborne no!se from the 
source. Yet complete isolation of the background no!se 1S not
always possible If the difference between the background 
and the source is less than 3 dB. the background iS too high
for an accurate measurement If the difference ts between 3
and l 0 dB. a correction is necessary, as In Figure 2-5.
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Figure 2-5. BACKGROUND CORRECTION.

In a FREE FIELD, without obstructions or rellectlons. the 
Lp Is the same In every dlrection at equal dista.nces from the 
source. Th!s basic principle IS not applicable, though. tn near
field conditions close to the source Lp measurements should
be taken at a distance of not less than the wave length of the
lowest frequency of concern. or at a diStance of at least twice
the greatest dimension of the source



Simply stated, noise diminishes In a free field - by 6 dB 
each time the distance from the source Is doubled. But due 
to atmospheric conditions and natural or man-made 
obstacles, measured levels are generally lower than this 
amount. The add!tlonal reduction (In excess of the Inverse 
square law) Is referred to as EXCESS AIR ATTENUATION 
(molecular absorption) and Is illustrated In Figure 2-6. 
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Sound absorption and sound transmission loss are the 
two basic performance characteristics of materials used In 
notse control Manufacturers publish these values at selected 
frequency bands. 

The SOUND ABSORPTION characteristics of a material Is 
expressed In terms of absorption coefficients ( -, ), the ratio 
of the energy absorbed by the surface of the material to the 
energy incident upon 1.he surface. Materials which are highly 
absorptive have soft, porous surfaces and vary In both depth 
and density. The variance In absorption coefficients Is 
shown In Table 2-4. 

MATERIALS Octave Band-Center Frequency-Hz 

Modular Acoustic Panel 
125 250 500 lk 2k 4k 

{4" thick) 0.74 1.05 !.14 1.11 1.01 1.04 
Brick. Unglazed 0.03 0.03 0.03 0.04 0.05 0.07 
Concrete 0.01 0.01 0.15 0.02 0.02 0.02 
Wood 0.15 0.11 0.10 0.07 0.06 0.07 
Steel Panels 0.06 0.06 0.04 0.03 0.03 0.04 
Glass {Ordlnazy Window) 0.35 0.25 .0.18 0.12 0.07 0.04 

Table 2-4. TYPICAL SOUND ABSORPTION COEFFICIENTS ( .., l 

The SOUND TRANSMISSION LOSS (TL) In dB, through 
pipe walls or through a structure (panel or partition), Is the 
difference between the incident sound power, Lw (1) and the 
transmitted sound power, Lw (2): 

TL= Lw(l) - Lw(2) 

TL ts a function of mass, stiffness and damping. and Is 
frequency dependent Typically. It Increases 6 dB per octave 
and 6 dB for each doubling of the mass. The approximate TL 
of various materials Is shown In Table 2-5. 
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The human ear responds to amplitude {loudness) and
frequency (pitch). and is not equally sensitive to all 
frequencies. It Is most sensitive to frequencies between 500 
and 3.000 Hz (cps), and less sensitive at extremely high and
low frequencies. At 3,000 Hz. 90 dB sounds much louder
than it doeS at 500 Hz . 

An indMdual subjective reaction to noise is not always 
predictable. Typically, doubling of the LOUDNESS requires a
10 dB Increase In sound pressure. A 3 dB Increase iS barely
noticeable. Unfortunately. sound pressure levels [Lp) are not 
normally used to judge loudness. but various other methods 
for determining apparent loudness have been developed. The
most common being (a) clBA and [b) sones. Both of these are
loudness ratings. Other units of loudness are phons. and
perceived noiSe level (PNdB ). 

SONES are calculated by adjusting each octave band level
according to the ear's sensitivity In that band. and then 
adding the effect of all of the bands. Loudness comparisons 
with other noises are made linearly - a noise twice as loud
as another must have a sone rating twice that of the other
noiSe. For compariSOns of sones and dBA levels (defined in
Chapter 3), see Figure 2-7.
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Figure 2-7. SONES - dBA CORREIATION.



Unlike outdoor free field conditions, sound Within a room
or building is reflected by the walls. floors and celling. Close 
to the source the REVERBERANT EFFECT ts mtntmal since
the direct sound is predominant But away from the source,
the reflected or reverberant sound may exceed the direct 
sound. The Lp Within the reverberant region depends upon
the acoustic Lw being radiated the location of the source.
the size and type construction of the room;

Lp = Lw + lO Log( �
11'r

z + i) + 10.5 dB

Q = Directivity Factor 
= 2 Small Free Standing Source ln center of room
= 4 Small Source near wall

8 Small Source in ron1er 

Large Source Q may va.iy With direction
r = Distance from Source (ft.J 

R "'- Room Constant = ... s 

l ~..,
S = Total surface are-a of room (sq. ft.) 

...., Average sound absorption coefficient ofthesurfaces of the room
at a given frequency.

Graphic solution of this formula is shown in Figure 2-8.
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To reduce the reflected noise In a reverberant room or 
area. absorptive panels or materials may be added to the
walls and celling. While absorption reduces the noise at a 
distance, It provides little or no reduction near the source.
The noise reduction which ls achieved by the addition of 
absorption may be approximated: 

Lp Reduction � 10 Log Sl (after)
S2 (before)

In the formula. S (Sabins) ls simply the product of the 
surface area (square feet) of the reverberant space and its
absorption coefficient (.., ). If the absorption in a room ls
doubled. the Lp can be expected to decrease by 3 dB. 
Addition of 4 times as much absorptive material will 
provide a 6 dB reduction. The practical limit IS 6 to 8 dB.

The sound power level (Lw) that passes through an 
opening Into or out of a room ls approximately: 

Area Factor
�

Lw� Lp + 10 log A - 10

Where Lp ls the sound pressure level in the room at or 
near the opening, and A Is the cross-sectional area (square
feet) of the opening. The propagation of high-frequency noise
ls particularly noticeable through small openings such as 
cutouts for pipes and cables. Large openings for ventilation 
must be fitted with silencers [sound traps). 



Chapter 3 
NOISE CRITERIA 

In noise control the tenn "criteria" Is usuallv defined as
the maximum allowable sound pressure level (Lp) at a 
•peclftc distance from the source. Crlteria may be expressed
as a single overall value (all frequencies combined) or in
!ndhidual octave bands. 

Today, among the various noise criteria In exlstanct'. the 
most common are the dBA criteria establ1shed by OSHA. the
ISO criteria developed by the International Organtzatlon for 
StandardlZatlon and the NEMA Standard (National Electrical
Manufacturers Association).

OSHA (Occupational Safety and Health Act)
The standard sound level meter has three alternate

weighting netvmrks. designated as A. B and C. which 
selectively discriminate against low and high frequencies 
as shown in Figure 3-1. A sound level meter may also have
a flat (no-weighting) response network.
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Figure 3-1. FREQUENCY RESPONSE CHARACTERISTICS
FOR SOUND LEVEL METERS (ANSI-Sl.4-1971)

The C scale measures the overall sound pressure level 
(essentially a flat response wtth all frequencies combined)
and such readings may be referred to a.<! dBC. 

A-scale readings (dBA) are the most hea,1ly weighted. The
A scale approximates the ear's response to noise (500 to 
6,000 Hz), and ls now commonly used as an Industry and
Government Standard in the evaluation of sound. Typical
dBA levels are shown In Table 3-1.

dBA Source Perceptlon/Hearinll 

140 Jet Engine at 25 ft. Unbearable 
130 H1gt1 Pressure Safety Vent at 25 ft Threshold of pain 
120 Large FD Fan Plenum Area Uncomfortably loud
110 8000 hp Engine Exhaust at 25 ft.
100 Compressor Building Very loud
90 Boller Room 
80 Pneumatic Drill Loud
70 Commercial Area 
60 Normal Conversation
50 Average Home Comfortable
40 Nightlme Residential Area
30 Broadcast Studio
20 Whisper Barely Audible
10
0 Threshold of hearing

Table 3-1. TYPICAL A-WEIGHTED SOUND LEVELS

The maximum occupational noise exposure levels set by 
OSHA under the Federal Safety Act are shm.n 1n Table 3-2.
The "slow response" notation Is helpful In obtaining an 
average for noise levels that may lluctuate by more than 4
dB.
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Duration per Day (Hours)
8643 2 l½ 
1 ½ ¼ or less

Sound Level dBA
(Slow Response)

9092
95 97100102105 110115

Table 3-2 PERMISSIBLE NOISE EXPOSURES (OSHA)
Note that OSHA permits a 5-dB increase in permissible levels for a reduction of 2: 1 In exposure time ( often referredto as the 5-dB exchange rate). When daily exposure Is composed of two or more periodsof noise at dlfferent levels, the combined effect should be considered. rather than the individual effect of each. Mixedexposure must be considered if the sum of the followingfractions exceeds unity: 
C,1T1 + C2/T2 ... Cn/Tn

Cn indicates total time of exposure at a specified noise level.Tn Indicates total time of exposure permitted at that level. 
EXAMPLE: If a worker Is exposed to a 90-dBAlevelfor 5 hoursand a 95-dBA level for 3 hours, the effect of the combinedexposures is:

= 1.375 )1.0
Therefore, this exposure exceeds the allowable limits, andcorrective noise abatement measures are required Although the basis of the noise exposure regulations is theA-welgllted sound level (dBA), Ifs often desirable to convert dBA units into octave-band dBC equivalents for analysispurposes. An example is shown in Table 3-3. 
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TYPES OF NOISE CONTROL 

Idealw, the optimum approach to noise control is the 
prevention (or reduction) of noise at Its source before It 
becomes a problem. However, equipment re-design and/or 
operational changes necessary to accomplish this are seldom 
possible. 

Effective noise control ls normatw achieved by means of: 
(a) isolation, (bl dissipation or (c) a combination of the two.
This involves the use and application of sound absorption
matertals. acoustic shields and barriers (fixed and movable).
acoustic enclosures and/or silencers.

Silencers 

'lyplcalw, silencers are divided Into three distinct 
categories: (al the reactive "reflective" type, (bl the dissipative 
"absorptive" type and (cl a ·combination of these two basic 
types. (See Figure 4-1). Helmholtz resonalors. side branch
resonators and other silencers which are normalw designed 
for a veiy narrow frequency range are not included In this 
discussion. 

. I 
0 

0 

i 
U>W-LOSS STA.�ARD WW-LOSS STMnARD WW-LOSS ANNULAR 

REAC..'TIVE REACTIVE/DISSIPATIVE DlSSIPATlv"E 

PERFORATED SW'ITED COMBINATION (ABSORPTIVE) 

OR PORTED TUBES 

PARI\LLEL 
BArn.E 

(SPLITTER 

1YP£) 

F'lgure 4--1. BASIC 'IYPES OF COMMERCIALLY AVAILABLE 
SILENCERS 

TI1e reactive-type silencer ls generally restrtcted to 
relatively low-frequency applications, such as the intake 
(suction) and exhaust ( discharge) of engines, blowers and 
mmpressors. It Is largely dependent upon an are.a 
discontinuity (cbange) to reflect sound energy back to the 
source. and upon the dissipative effect of perforated. ported 
or slotted tubes for effecllve broad-band low-frequency 
performance. Multi-chamber reactive silencers are available 
in: (aJ straight-through tube arrangements for low-loss. 
pressure-drop applications and (bl in labyrtnth-like volume­
tube configurations where pressure drop ls not critical. 
Acoustic performance ls a function of sllencer diameter. 
overall volume and internal design. Absorptive material Js 
not used. 

A reactive-type silencer should be located as nt".ar the noise 
source as possible to avoid pipe resonances th�t may 
coincide with the fundamental frequency produced bv the 
noise source. In cases where a close location is tmpo,;,.ible or 
impracUcal, slight changes in pipe lengths may help to 
reduce pipe resonance. Even though crit teal pipe lengths can, 
be calculated, there ls no assurance that some degree of 
resonance ,v:ill not occur. 

The dlsslpattve-type silencer ls essentially a high­
frequen<.y. low-pressure drop attenuator. It depends on 
sound absorbing material to dissipate the sound energy and 
is usually applied on the intake (suctionj and exhaust 
(discharge) of centrifugal compressors, FD fans. gas turbines, 
steam or process vents and similar equipment. Dissipative 
silencers are usuaqy straight runs of acousticallv i1ned 
piping or parallel baffles. Performance depends ;,pon the 
internal design and the type of absorptive material used. The 
open flow area ranges from 25 to 75 percent. depending 
upon the required attenuation and allowable pressure drop. 



The acoustic fill should be mJ.neral wool, polyester, 
fiberglass or another durable, inert. vermin-proof. moisture­
resistant material For intake applications. the density of the 
acoustic ftli 1S typically 211.z to 4 pounds per cubic foot 
packed under 1 o percent compression to prevent voids. In 
exhaust service. the density Is Increased to a minimum of 6 
pounds per cubic foot and. depending upon the temperature 
and unit velocity, the ftli Is normall;y protected w1th one or 
two wraps of fiberglass cloth or w1th one wrap of cloth and a 
stainless steel mesh screen. plus a perforated face sheet. 

For service applications to 150°F. moisture and dust­
proofing of the acoustical ftll can be added by plactng a sheet 
of polyethlene or mylar between the perforated face sheet 
and the acoustic ftli. 11ll.s reduces the acoustical 
performance, particularly in the upper frequency bands. 

Generall;y, 3- to 4-lnch-thlck baffles are most effective in 
the higher frequencies, and thicker baffles are more eflectlve 
in the lower frequencies. The silencer DIL ls reduced with 
increased velocities. Conversely. there Is an Increase in 
silencer DIL when the noise and the flow are moving in the 
opposite directions - which ls the case in all intake 
systems. 

Toe combination :reactive/ dlpipadve llileneer is 
functionall;y a reactive silencer with sound absorptive 
material to provide added high-frequency noise reduction 
The perforated sfotted or ported tube applied to the reactive 
silencer acts as a dissipative element. reducing or 
eliminating troublesome pass-bands inherent to the basic 
reactive design The performance of an effective reactive 
silencer is a result of both the dissipation ·and reflection of 
noise energy. 

A selection of silencer type is based on both frequency 
content of the noise and the specific operation requirements. 

Silencer performance or DYNAMIC INSERTION LOSS 
(DIL) Is a function of the input intensity (amplitude) and 
frequency of the noise, silencer type and s!Ze. flow velocity. 
type of gas. temperature and surrounding environment. The 
greater the noise input. the greater the silencer DIL. Silencer 
performance is often categor!Zed as being: (al residential (bl 
commercial or (c) industrial grade. (See Figure 4-2) However, 
general!Zed performance curves without regard to input 
amplitude, frequency and velocity are at best an 
approximation and should be avoided. 
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Fig. 4-2. GENERALIZED SILENCER PERFORMANCE CURVES 
(A) Residential [Bl Commercial (CJ Industrial

DIL is the numerical difference In dB between two sound 
pressure levels measured at the same location, under 
controlled flow condtdo1111, before and after installation of a 
silencer. Silencer insertion loss based on static conditions 
(no flow) is not a reliable measure of performance. Dynamic 
Insertion loss ls often relatively easy to measure, but it's 
difficult to calculate or predict theoretically. 

Regardless of application and service. a silencer is rated 
not only on its effectiveness, hut on its durability and life 
expectancy. No matter how fine a unit's performance. a 
structural failure can mean costly repairs or even complete 
replacement 



ATIENUATION is the difference in dB between two points 
in and along the path of sound propagation. In atmospheric 
systems, attenuation is the difference in sound levels, 
measured before and after the installation of a silencer. 
Attenuation, noise reduction (NR) and insertion loss are 
often used interchangeably in describing silencer 
performance. 

Acoustic Enclosures and PartJal Barriers 

Acoustic enclosures of vaiying types and arrangements 
with and without ventilation are one of the most effective 
means for: (a) containment of excessive noise and (bl 
isolation of workers fmm the noise. 

The most common acoustical enclosure ls a modular 
arrangement of acoustical panels and connecting 
components. Commercial panels are available in four basic 
designs. (Figure 4-3). 

The standard pmel ls the most common. providing both 
"semi-anechoic" absorption and dampening of high­
frequency noise. The face sheet is perforated. Multiple layers 
of high-density sound absorption material may be applied 
for increased low-frequency noise reduction. 

The hard panel ls solid on both sides. Its use is limited 
but ls very effective where noise isolation (or containment) is 
required. 

The splitter pmel ls perforated on both sides and is used 
in many industrial applications such as an interior wall or 
partition. 

The septum pmel ls similar in design to the splitter panel 
but with a solid divider in the center for added transmission 
loss (TL). 

Flexible and functional, the panel concept has numerous 
applications in areas requiring acoustical treatment. such 
as: 

a Personnel enclosures 
b. Equipment enclosures
c. Walls and partitions (fixed and movable)
d. Louvers and splitter-type silencers

To be acoustically effective. a panel must provide a high 
degree of both sound absorption and noise transmission 
loss. Many commercial modular panels are tested and rated 
by independent laboratories as shown in the Table 4-1 
example. 

OCTAVE BAND CENTER FREQUENCY -Jiz 

125 250 500 lK 2K 4K 8K 

Absorptlon Coefficient --t 0.74 1.05 1.14 1.11 1.01 1.04 1.00 

Transmission Loss, dB 23 28 37 45 49 54 51 

Table 4-1 1YPICAL PANEL PERFORMANCE 
(Industrial Applications) 

Cl7 



Toe design of oonnectors. windows and doors should be 
compatible with panel design. Ideally. panel oonnectors are 
effectively designed to prevent noise leaks between panels 
and to provide additional structural stability to the 
oompleted structure. 

1n contrast to enclosing noise-producing equipment, 
panels are also used to create quiet rooms - shelters to 
Isolate workers from excessive noise. A partial enclosure, or 
even a simple noise barrier providing a reduction of 8 to 12 
dBA may be all that's needed to meet a 90-dBA criteria. 

Where additional noise oontalrunent Is necessary, total 
enclosures can provide reductions of 25 to 35 dBA or more, 
depending on the amplitude and frequency of the noise 
source. Provision for ventilation and other a!rllow 
requlremenis. special panel cutouts and accessibility for 
Inspection and maintenance may be required. In hazardous 
areas. two access doors with special panic-type latches may 
be required to meet OSHA safety requirements. 

Standard modular panel construction for industrial 
applications varies with the intended service. but typleal1y 
consists of: 

a. 16 to 18 Ga. solid back and Internal framing
b. 20 to 22 Ga. perforated face sheet
c 2'/2 to 6 pounds per cubic foot density acoustic fill

The acoustic fill for most lndustr1al applications is. either 
fiberglass or mineral wool, which are inert. moisture­
resistant. non-oombusUble materials. The fill Is packed 
under not less than 5 percent oompresslon to prevent voids. 

Most commerc!al aooustlc panels are unpainted galvanized 
sheet steel, zinc-coated primed steel or painted carbon steel 

' Manufacturers should be contacted for specific details of 
construction and for application assistance. (For various 
panel and enclosure configurations, see Figure 4-4.) 

The fire resistance combustion rating of the acoustic fill 
for general Industrial service should not be less than: 

a. Flame spread - 15
b. Fuel contribution - 15
c Smoke developed - 0

Most commercially developed acoustic panels (4 Inches 
thick. 4 pounds per cubic foot density, with a 16 Ga. solid 
back and 22 Ga. perforated face sheet) have a Heat Transfer 
Factor of 0.07 BTU per hour per square foot per degree 
Fahrenheit temperature difference of standard air .. 

Total enclosures housing heat-producing equipment 
usually require ventilation. and silencers for both Intake and 
exhaust. Depending upon the amount of heat to be removed. 
the number of air changes per minute ranges from 1 to 10. 
Ventilation may be forced or natural. 
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OPEN TOP ENCWSURE 

ACCESS BY OVERHEAD CRANE 

F1XED OR MOVABLE BARRIERS 

SHAFT 

REMOVABLE MOTOR 
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Figure 4-4. PANEL AND ENCLOSURE CONFlGURATIONS

When large-volume ventilation Is required. forcedventilation Is usually provided by fans Installed on thee><haust side of the system. However, In hazardous gasservice, the fans should be explosion-proof with non­sparking blades, and be Installed on the intake In order topurge the enclosure. Axial or centrifugal fans are generally used for movinglarge volumes of air against static pressures up to 2 InchesH:i(). Higher-SP applications usually require vane-axial fans.For an efficiently-designed forced ventilation system, the airflow requirements may be calculated as follows: 

Qv = FxH + QEAT 
Qv = Required CFM
F = A factor involving air density and specific heat of air.This factor varies with altitude and air intaketemperature (Table 4-2). 
H = Total amount of heat (BTU/min) being dissipated Intothe enclosure. (1 hp"" 42.42 BTU/min.) 
A T = Allowable Temperature rise within the enclosure - ° F. 
Q E = Equi pment Intake CFM ... engln es, blowers,compressors, fans, etc. (where applicable). 

Altitude 
AMBIENT TEMPERATURE - ° F

(Ft) 0 20 40 60 80 JOO 120 

0 48.3 50.4 52.6 54.7 56.8 58.9 61.0 

1000 50.1 52.3 54.5 56.7 58.8 61.0 63.2 

2000 52.0 54.3 56.5 58.8 61.0 63.3 65.6 

3000 54.0 56.3 58.6 61.0 63.3 65.7 68.0 

4000 56.0 58.4 60.8 63.3 65.7 68.2 70.6 

5000 58.1 60.6 63.2 65.7 68.2 70.8 73.3 

Table 4-2 VALUES OF FACTOR F ( c�-�b.)



Natural (gravity) ventilation depends on wind velocity 
and/or temperature differential to create natural convection 
and move the air. The required free-throat area In natural 
ventilation systems may be approximated as: 

A 

A 

Q 
V 
h 
aT 

Q 
26.4 V + 9.4 (haT)½ 

= Inlet throat free area - sq. ft. (assume inlet and outlet 
areas to be equal). 

= CFM of Air to be removed 
= Average wind velocity - MPH. 
= Vertical Height - Ft. (Distance between inlet and outlet). 
= Temperature Rise - ° F (Temperature difference between 

the inside air and the ambient outside air). 

Acoustic Pipe Lagging 
Acoustic lagging is the treatment of piping and equipment 

to prevent the radiation of noise In the surrounding area Its 
effectiveness Is measured In terms of transmission loss (TI,) 
In decibels. 

When pipe lagging Is required, the piping should be 
acoustically insulated with a covering consisting of: 

a Fiberglass - 2½ to 6 pounds per cubic foot density 
b. Mineral wool - 4 to 8 pounds per cubic foot density
c Or other approved equal (foam-glass Is not recommended

as It tends to pulverize under loading and vibration) 
When piping temperatures exceed those recommended for 

the above materials, calcium silicate insulation Is usually 
added as a thermal barrier before the acoustic covering Is 
applied. Cold piping may be provided with a base layer of 
closed cell rubber sheeting in lieu of the acoustic covering. 

The acoustic covering generally has an external jacket of: 
(al 26 to 28 Ga galvanized steel, (bl 16 to 20 Ga aluminum 
(preferred in low-temperature applications) or (cl a 
lead/aluminum laminate (26 Ga aluminum bonded to 0.015 
lead). Environments detrimental to aluminum may require 
stainless steel or coated aluminum. 

When applying the acoustic covering, all circumferential 
joints of the covering should be staggered and sealed with 
an adhesive. Longitudinal seams and adjoining sections are 
to be flnnly butted together and sealed All gaps and voids 
are to be packed with loose insulation. Field cut the.acoustic 
covering to snugly fit around irregular shapes, elbows, 
.flanges and valves. The acoustic covering is then externally 
jacketed Overlap the seams by about 2 inches and apply 
stainless bands on 9-10 Inch centers ( use of screws and 
rivets alone Is not recommended). 

The type, method and thickness of recommended acoust;tc 
treatment varies with the noise reduction requirements, 
piping temperature and other operating conditions as 
indicated In table 4-3. Where noise leaks exist at supports 
and other points in the system being treated, the most 
reduction that can typically be achieved Is about 15 dBA 
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Chapter 5 
1YPICAL NOISE PROBLEMS AND 

RECOMMENDED SOLUI'IONS 

The sources of plant noise are as widely varted as the 
plant processes and operating facilities themselves, and no 
attempt Is made here to list these sources by priority. 
Rather, the more common sources are individually 
discussed. Often the general solution to one problem can be 
applicable to another, yet separate noise sources in the same 
area may require entirely different solutions. 

Where air, gas or steam flow ls involved, as In turbines. 
engines, compressors, blowers, vents, and blowdowns, the 
most common noise control method ls the installation of 
silencers. The proper selection and sizing of a silencer ls of 
utmost Importance to Insure that pressure drop, acoustical 
performance (DIL), and other specific design criteria are met. 
Other noise controls are Isolation and conlalnment provided 
by acoustical enclosures. pipe lagging and similar methods. 

There are many misconceptions about easy solutions to 
noise problems today. It's tempting to search for a simple 
modification or operational change as an after-the-fact 
solution. But rarely Is such an approach cost effective. 

One of the common myths In noise control Is that all 
commercial silencers produce a costly pressure drop. Not 
so. Under optimum conditions. a silencer that ls sized 
designed and Installed properly will create little or no 
measurable losses, and may even improve the efficiency of an 
engl ne or reciprocating compressor. Where pressure drop Is 
critical, an acceptable limit can be designed into the silencer. 

Another Incorrect but popular. belief ls that acoustical 
treatment (lagging) of piping Is a universal. Inexpensive and 
convenient way to effectively reduce high-frequency pipe. 
noise. Noise leaks and flanking paths. the complications of 
mechanical supports that must penetrate the lagging and 
connect to the structure, plus accessibility, maintenance and 
upkeep. can make a lagging system too costly to be practical 
Also, field lagging rarely measures up to theoretical 
calculations. 

In evaluating and selecting a silencing system, a manager 
too often relies upon the silencer specifications and warranty 
to insure a quiet operation. A common approach ls to 
stipulate the maximum allowable noise levels and little more. 
leaving actual compliance up to the contractor or supplier. 
Of course, limits must be set, but performance specifications 
alone give little or no assurance that those levels will be met. 
Performance testing to verify the silencer guarantee ls often 
complicated (or Impossible) to conduct. without considerable 
expense and extensive evaluation. 

As the first step in eliminating uncertainties, a manager 
should evaluate the vartous noise sources, individually and 
collectively, before Issuing specifications. Unsilenced levels 
(either Lw or Lp) for all equipment should be obtained from 
the manufacturer and Included In the specifications 
whenever possible. The silencer manufacturer then can and 
should guarantee the performance of a silencer, with all 
exceptions and limitations clarified. With that information, 
the manager may correctly analyze the overall system which 
may Involve several sources of noise. 

It ls extremely Important to evaluate the total system. For 
example, while a silencer might theoretically reduce the 
exhaust noise of an engine to 90 dBA at 10 feet. without 
effective silencing or Isolation of the engine Intake, casing 
and other source; of noise, the measured noise level In the 
area could actually be considerably higher. 

Before the correct type and size of silencer can be 
determined for a given application, the required silencer DIL 
(attenuation) must be established. This ls essentially the 
difference between the unsllenced Lp and the system 
criteria 

Determination of the unsllenced noise level (Lw or Lp), J.e., 
blowdown, engine exhaust, etc .. Is often extremely complex 
and ls not attempted In this handbook. Actually. It Is the 
responsibility of equipment manufacturers to establish and 
provide the unsllenced noise levels of their products, and 
many have been doing this for years. By the same token, It ls 
the responsibility of the silencer manufacturer to provide the 
silencer OIL, and other pertinent information relating to 
overall performance of a particular silencer for a given 
application. In most of the applications that follow, the 
actual unsllenced levels used In the examples have been 
"TTIP'.J.<;:11-r,=,,rl l"".llll"11l-:11tM nr n-rn,rirlM hu thP m-;an11f-:1.--t11-r,:,,-r 



Vents and Blowdowns to Atmosphere 
Vent and blowdown noise ls a function of upstream 

pressure and temperature. type of gas being vented. the valve 
size and type. plus the effect of downstream piping. 

Vent noise ls relatively broad band and of predictable high 
intensity (amplitude) in the immediate vicinity of the vent. 
Many theoretical aspects of vent and blowdown silencing are 
highly complex. Where usable theory has not 'yet been 
perfected or ls not readlly understood the experience factor 
remains as important as scientific principles. 

Silencer type and size ls based upon: 
• Service ( continuous or intermittent)
• Amplitude (Lw or Lp) of the unsilenced noise
• Peak frequency (fp) of the unsilenced noise
• Specified noise criteria (required silencer DIL)
• Type of gas being vented
• Upstream pressure and temperature
• Flow rate and allowable pressure drop
• Cost considerations

A primary fuctor in vent silencing ls to determine whether 
a noise source ls continuous or intermittent Continuous 
service ls as implied - continuous venting under near­
stable flow conditions. Intermittent noise ls evaluated in 
terms of: (al amplitude and frequency content (b) duration 
of blowdown and (cl frequency of occurrence. 

The formulas for calculating the noise produced by vents 
and blowdowns to atmosphere are. for the most part 

• empirical rather than purely theoretical. No single accepted
method has yet been derived which includes all of the
parameters that must be considered. So. actual measured Lp
values, rather than calculated or extrapolated levels. should
be obtained and used for analysis purposes whenever
possible.

The peak frequency and spectrum shape of the unsilenced
noise determines the silencer type. Low-pressure, large-valve
vents to atmosphere generate low frequency noise. High­
pressure, small-valve. high-velocity vents to atmosphere 
characteristically generate high frequency noise. No two 
vents are exactly the same. Piping downstream of the valve 
affects the spectrum shape. Larger piping causes a shift 
toward the lower frequencies as shown in Figures 5-1 and 5-2. 
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Both the unsilenced noise (Lw) and the peak frequency (fp) have been calculated and tabulated (Table 5-ll. coveringa significant range of air-vent operating conditions. For gases other than air, the correction charts in Figures 5-3 and 5-4 may serve as a guide. Actual measured levels should

be used when available. 
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Figure 5-3. VENT POWER (Lw) CORRECTION 
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Figure 5-4. PEAK FREQUENCY (lp) MULTIPLIER 

The Lw correction shown for gases other than air ls based 
on the maximum flow that a valve will pass - at or slightly 
in excess of the critical pressure drop across the valve The 
flow rate (ACFM) based on a 0.60 specific gravity gas 
through a given valve at a fixed pressure and temperature 
will be higher than that for air. For steam, the increase in 
noise ls 3 to 4 dB. By throttling the steam valve until the 
two flows (ACFM) are equal the steam vent noise will be 
reduced by an amount proportional to the reduction of the 
effective open port area of the valve 

Silencer exit velocities are based on the allowable .6. P and 
the silencing criteria Typical operating velocities are: 
a Continuous vents -10,000-15,000 !pm 
b. Intermittent blowdowns - 15,000-20,000 !pm

The acoustic limit ls about 25,000 !pm. 
To determine silencer and system .6. P based on actual 

operating conditions, use formulas in the APPENDIX. 

Octave-band levels are determined by the peak frequency 
(lp ), size and configuration of exit piping. For simplification of 
analysis, octave band corrections covering most applications 
have been general!zed and grouped into two categories: 

a Downstream piping same size as valve. or no downstream 
piping (Table 5-2) 

b. Downstream piping larger than valve (Table 5-3)
The individual octave band correction ls subtracted from

the overall (Lw) level. 



Table 5-2. SPECTRUM CORRECTION

Valve with same-Size or No Downstream Piping

Peak hequence, 
(fp) Hz 5J 150 50Ci 

1875 -s -S -4 -• 

?19 -5 -4 -7 

250 -6 -4 

-6 -4 -·5 

--15 -5 -4 

-7 

4375 
-& 

sm 

T' 

I 

Table 5-3. SPECTRUM CORRECTION 
Valve with Larger Downstream Piping 

Peak froquet'!ce� I Octave Bilr:d Center frequ�n,;;y, Hz 
(fp) Hz �T,2s I 

I 250 I 500 i 1K I 1K 

187.3 ! i ' -5 5 -• '14 i 23 I _,.
219 I I-5 -5 I i 7 -12 -21 I ' <n

150 i I ! 
-6 -5 

' 

sm -9 -6 -5 -11 -19 

625 I - " -7 -5 

750 -12 -7 -5 -5 

;750 -11 -14 -•
l10Cll -n -15 -9 -6 -5 -6 

'500 -25 -u -11 

I 

I 

i 

4K 

45 

-42 

-19 

-26 

-11 

I BK 

i 58 
! 

-55 

1-4() 
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300J 
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The flow rate of vents and blowdowns to a
t
m

:!'.!1::u':ated 
(durtng critical flow pressure conditions) may 

using: 
l.Alr or Gas

SCYM (14.7 psia and 60"F) = l 7.BAP(460 + °F) SG [.. 
✓ 520 

A 
p 

SG 

= Orifice Area Sq. In. 
= Initial Pressure. psla
= Specific Gravity of Gas

2. Steam
a. Dry and Saturated

W (lbS/hr) = 51.43 AP j

b. Wet Steam

W (lbs/hr) = 51.43 AP Fm

Fm = l-0.012m
1 m= % moisture

c. superheated Steam

W (lbs/hr) = 51.43 AP F s

Fs = 1 + 0.00065 Ts
1 Ts = ° F Superheat 

In critical flow pressure applications. pressure drop across 
the valve in excess of the critical .:lP (P 1 - P:,'J does not 
increase the flow but does increase the noise level. So. where 
possible, the a P across the valve should not exceed the 
critical a P. For steam. the critical pressure ls 58 percent 
of the system pressure. For air, it is 53 percent of the system 
pressure. The .1 P across the silencer should not exceed 
either the critical flow pressure downstream of the valve, or 
the design pressure of the Inlet dtlfuser. 

The diffuser absorbs the Impact of the vent pressure at 
the inlet of the silencer. distributes the flow preventing 
channeling and provides a shift or conversion of the low 
frequencies to the more easily attenuated hlgh-frequen<.,y 
bands. 

Selection of a suitable steam/ air vent silencer for hogging 
jets or steam tjectors is based on the combined flow of the 
steam and the air. First determine the quantity of steam in 
CFM, based on the temperature of the rnJxture. Second. 
detenntne the airflow, also in CFM. at the temperature of the 
mixture. The total CFM is the sum of the airflow and the 
steam flow. 

The temperature of the mixture entering the silencer is a 
function of both the steam and air temperatures and 
quantities. This entrance temperature, if not given, must be 
determined from a heat balance based on the flow rates In 
pounds and the temperatures of both the steam and air. The 
steam discharge pressure is assumed to be atmospheric and 
the temperature before mixing. but after expaneion ls 
determined from the steam tables found In the APPENDIX. 

Temperature of the &team/air mixture. if not stated. may 
be calculated: 

2WsTs + Wa TaTm=-------
Wa + 2 Ws 

Where Tm = Temperature of mixture (° Fl 
Ts = Temperature of Steam after Expansion (° F) 

Wa = Weight of Air (lbs/hr) 
Ta = Temperature of entering air (° Fl 
Ws = Weight of Steam (lbs/hr) 
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Most steam/air ejectors discharging to atmos phere arc 

designed for operation on steam o f 40 psig and above. The 

higher the steam pressure and the larger the ejector , the 

noisier the discharge to atmosphere. 

Steam/air ejeetor sileneers are typi cally the reactive type 

wit h velocities ranging from 4,000 to 8,00 0 1pm. and 

allowable pressure drop of 5 to 10 inches 11, 0, includin g exit 

Joss to atmosphere. The silencer size should in no ease be 

smaller than the ejector outlet for maximum ejector 

efilclencv. 
Silen.;,r pressure drop. for steam/air mixtures. may be 

calculated by first determining the relativ e densit y of the 

rnJxture: 

AP = C x (
4

;
5

) 
2 

x RD = .. H20 

Where c = Silencer coefficient lncludtng exit loss (LO
) 

to atmosphere - SEE APPENDIX 

S = Silencer velocity (1pm) 

0. 222 rv,Ta + Ws) 
RD = Relative Density = 

Total CFM 

An ejector is essentially a pump which moves a fluid from 

a low pressure to a higher pressure using the energy of a 

motivating tluid at a still higher pressure. A typical 

application is the removal of air from a condenser by 

maintaining a vacuum on a dryer. 

The approximate BLOWDOWN TIME required to vent a 

pressurized system to atmosphere (where critical flow 

c.-ondltions exist across the valve) may be determined: 

t( 
l 5.5V ( Pa )ff.a sec� -A Ln -- --Patm ZT

a 
V = Pressurized vo l

um
e (cu. ft.) A = EffectlveAr ea (Valve throa t area x Flow Coe ffi

c
i
en t

), 
Sq. In. 

SG Specific Grav ity o f Gas 
Z Comp ressibility Factor (a t initi

al press u
re

} Ta = Initial Temper a ture , 0 Abs. (460° + ° F
l Pa = Initial Line Pre ss u re . psia 

Patm = Atmospheric Pre ssur e, 
p
s la 

!n Log base e 

Use flow coefficie nt o f 0.85 un les s  the a ctual coe fficient of the valve ls known. 
Caution is the k

ey 
w o r

d to re member in s il
en cing vents and blowdowns from high p ress ures. Silencer des ign, especially In the Inlet section and acro ss the diff user. must be sufficiently strong to Withs t and the fo rces exerted during 

each blowdown cycl e, pl us a n omina
l 

safety 
fac to

r. Typical ven t an d blowdo wn ap
p

lica tions: 
• Safety valve s 

• Station and pipelin e blow downs 
• Steam tjeeto rs 
• Switch valves (reve rsing valves) 

• Autoclaves 
• Hogging Jets 

• Snort valves 
• Process control valves 
• Compr essor an d blowe r  byp ass  valves 
• Boiler start-up purge sys te ms
The type of vent or blowdown stlen oer ls d e termin ed by the application, required perfo rman c e and inten ded servtoe. The 

size Is generally based on destgn and 
ve lo ci ty con

siderati on s . Most vents pr oduc e predictably high -int
ensity n oise w hich 

must be effe etively silence d - no t only t
o protect 

wor k

ers from possible hearing loss, bu t  to foster I
mp

rov ed 

communications. incr eased p rod uc ti v ity an d 
a 

qui ete r
neighborhood environ men t o verall. 
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Engines 
All internal combustion engines produce noise - some 

more or less than others - and 2- and 4-cycle engines of 
equivalent hp and rpm produce roughly the same overall 
noise levels. Yet the frequency distribution and amplitude of 
the noise may vary significantly as shown in F1gure 5-5. 

130 ---.... --,.---,.--"T"--,---r--,

- EXHAUST NOISE 
AT3Ff. 

100 ...._ 

90 

80 

70 

-

THESE LEVELS ARE APPROXIMATIONS ONLY. THE 
INTENT IS NOT TO SET COMPARATIVE LEVELS BUT 
RATHER TO INDICATE TYPICAL FREQUENCY 
CHARACTERISTICS OF EACH TYPE. 

oo L-....L--.L..-.....L--.l--.....L--...1...--' 

63 125 250 500 lK 2K 4K BK 

OCTAVE BAND CENTER FREQUENCY - Hz 

Figure 5-5. 1YPICAL UNSILENCED NOISE LEVELS -
FREQUENCY AND AMPLITUDE (2.000-hp Turbocharged 
Engine) 

Power produced by aµ internal combustion engine is the 
result of combustion produced in the cylinders. The 
resultant noise is a function of horsepower. speed (rpm). 
scavenging means and type of ignttloIL As depicted in Figure 
5-6, engine noise increases prtmarily with hp. The overall
increase is about 3 dB each time the engine hp is doubled.

ENGINE HORSEPOWER 

Figure 5-6. 1YPICAL UNSILENCED NOISE LEVELS -
INCREASING HORSEPOWER 

The predominant sources that make up engine noise are: 
a Exhaust 
b. Air intake
c. Cooling fan
d. Mechanical (casing)
Exhaust noise includes the various noise sources of the

exhaust system. Besides the noise of the exhaust gas at the 
exit of the silencer or tailpipe to atmosphere, radiated noise 
from the silencer shell and piping must also be considered. 

Air intake noise includes all noise sources of that system 
- the air filter, ducting and piping, as well as the air inlet
itself.

67 



Though seldom predominent. cooling fan noise may be a 
factor in critical applications. Mechanical radiated noise Is 
produced by sources assoclated wtth mechanic.al 
components of the engine. Casing or mechanical noise is a 
result of acoustical radiation or vibration of the engine block. 
cover and accessories. 

When predomlnant frequencies produced by an engine 
coincide with the natural frequencies of the exhaust system. 
there ts usually a marked tncrease In noise and vibration. In 
acoustics, this Is known as rescnance. Theoretically, it ls 
possible to avold critical lengths of piping by "tuning" the 
exhaust sY5tem. However. actual results are often 
disappointing, for the optimum effects of tunlng are usually 
marginal. The adverse effects of resonant pipe lengths can 
best be avoided by Installing the silencer as close to the 
engine as possible. stnce short. unrestricted piping is less 
likely to respond acoustically. There are a few instances. 
however. where scavenging of an engine ( certain 1- or 2-
cyl!nder. low-rpm engines) will be markedly improved by 
tuning the plptng. Specific pipe leng!hs. where applicable. 
must be determined by actual tests and should be provided 
by the engine manufacturer. 

The fundamental frequency at which Intake and exhaust 
piping may be excited depends upon the angular velocity of 
the engine crankshaft. the number of cylinders and their 
crank angle spacing. and whether the engine is two or four 
cycle. When the crank angle tnterval Is not uniform. more 
than one fundamental frequency may develop. The valve 
action. non-stnusoldal motion of the engine pistons. non­
linearity of the exhaust gas. curvature of the compression 
and expansion chamberS - all act to distort the pressure 
waves resulting from the combustion within the cylinders 
and from the reciprocating action of the plStons. Other 
factors, such as scavenging and turbochargtng, contribute lo 
the behavior pattern of the fundamental and the 
development of the frequency spectrum. 

The air tntake sY5tem filters the air and provides the 
conduit (piping) to the engtne. Nearly every engine is 
provided with an Intake filter; the type and efficiency depend 
upon engine slZe. hp and operating environment 

Int.ab noise Is largely dependent upon the scavenging
means and ls usually 8 to 10 dB less than the exhaust levels.

Engine Intake silencers are grouped into three general
types: 

1. Multi-chamber (reactive-type) silencer
a. 4-cyde, naturally-aspirated
b. 2-cycle, positive-scavenged

2. Absorption (dissipative-type) silencer
a. 2- and 4-cycle. centrifugal blower-scavenged
b. 2- and 4-cycle. exhaust-turbod1arged

3. Combination multi-chamber /absorption silencer
a. 2-cycle. exhaust turbocharged
b. 2-cycle. gear-driven, centrifugal blower-scavenged

The Intake silencer size for 4-cycle. naturally-aspirated and
2-cycle. pump-scavenged engines ts determined by both the
intake slug volume and velocity. Silencer sizing for most
other engines IS based on velocity and allowable pressure
drop (sing volume ls not considered).

Intake slug volume = piston dtsplacement or one cylinder x
volumetric eftlciency of the engine: 

S VE(%) X X 
l00 = Cu. In.

Where B = cylinder bore. in. 
S = cyltnder stroke. In. 

The Intake sing volume sets the silencer size by volume 
(the mlnlmum Intake slug volume to sllell{.'CI' volume ratio is 
typically about 10: 1 ). The second consideration IS that of 
airflow (veloc11y and allowable pressure drop). Actual intake 
airflow {ACFMJ = displacement CFM of the engine x 
volumetric efficiency. 

4-cycle engines: 

ACFM = 
1l'B 2 x S X N X rpm X VE (%)

4 X 1728 X 2 X 100 



2-qrcle engines: 

ACFM = 
1TB 2 X S X N X rpm X VE (%) 

4xl728x 100 

Where N = Number of Cylinders 

The average Intake silencer velocity, based on engine type 
and number of cylinders. Is shown In Table 5-4. 

Engine Type Intake Velocity (fpm) 

4-cycle.4 or more cylinders 4000 io 6000 
2-cycle, 2 or more cylinders 4000 io 6000 
4-cycle, 2 and 3 cylinders 2000 to 3000 
2-cycle, 1 cylinder 2000 to 3000 
4-cycle, 1 cylinder 1 000 io 1500 

Table 5-4 AVERAGE INTAKE SILENCER VELOCmES 

Engine exb-t is the primaiy source of engine noise, 
generally peaking at multiples of the fundamental engine 
firing frequency of the engine. Turbocharged engines develop 
a high-frequency component at one or more discreet 
frequency components. Even so, they do not normally 
produce as much noise as non-turbocharged engines. The 
difference 1n overall sound levels is about 6 dB for equivalent 
hp engines. The exhaust-driven turbocharger removes some 
of the sound energy from the gas. resulting in less noise, Yet 
noise from a turbocharged engine may be more objectionable
due to high frequencies produced by the turbocharger. even 
though the overall noise amplitude is less. 

Engine exhaust silencing best sutted for most engines, 
and most commonly used In tndustiy, falls into three 
categories: 

1. Standard multi-chamber (reactive-type} silencer
a 4-cycle, naturally-aspirated
b. 4-cycle, turbocharged where AP permits
c 2-cycle, positive blower-scavenged

2. Low-loss, straight-through, multi-chamber (reactive}
silencer
a 2- and 4-cycle, exhaust-turbocharged

q. Combination multi-chamber/ dissipative silencer
a 2- and 4-cycle, exhaust-turbocharged for Critical high­

performance applications 
Exhaust flow and allowable pressure drop generally 

d� the Size of the exhaust silencer, but agatn slug
vob,me may be a consideration: 

I SVe = sv x 460 + oF = i I 1 530 cu. n. 

The exhaust silencer size by volume is based on an exhaust slug volume-to-silencer ratio of about 10:1. The
second oonsideration is that of exhaust flow (ACFM) aod
allowable pressure drop: 

Exhaust ACFM = Intake ACFM X ( 460 + ° F)
530 

So exhaust silencer size is determined first by slug volume 
and second. by velocity. The larger of the two sizes Is 
reoommended. The average exhaust silencer velocity based 
on engine type and rpm IS shown In Table 5-5. 

For 2- and 4-cycle turbocharged engines, exhaust silencer 
sizing ls dictated by the engine exhaust connection size, 
exhaust gas flow and pressure drop. Slug volume Is not a 
consideration. 



Ellfllne'l)'pe Eaab>,ellPM Ezhauat Velocity {I.pm) 
2 and 4 Cycle Exhaust 
Low Speed <350 4000 to 7000 
Medium Speed 350 to 1200 6000 to 9000 
High Speed >1200 8000 to 10.<X>O 

Turbocharged all speeds 5000 to 10,000 

Table 5-5. AVERAGE EXHAUST SILENCER VELOCITIES 
For silencer and system AP calculations based on actual operation conditions, use formulas in the APPENDIX. Effective silencer DIL Is llmited only by the self-noise characteristics of a particular silencer design. Flow-generated self noise increases with velocity and silencer size as shown In Figures 5-7 and 5-8 and Table 5-6. There Is a s:tgnlflcant reduction in self-noise at elevated temperatures. 
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Table 5-6. APPROXIMATE SELF NOISE CORRECTION BY SILENCER SIZE 



A tailpipe is recommended for added silencer DIL in the 
first band and possibly the second Optimum length is 
based on a ¼ wave length. which theoretically cannot 
support a standing wave. A pipe open at both ends will 
resonate at ½ wave lengths and so. should be avoided. Due 
to variations in engine rpm and temperature. specific tuning 
of the tailpipe should not be attempted. 

Tailpipes of 2 to 1 O diameters in length are recommended 
but where possible. the length should not exceed: 

I 

IT End Correction
Max. Length (fl) = �J - u 

'I, C - Speed of sound (fps) = 49.09 ( 460 + " Fl 
f1 = Fundamental Flrtng Frequency (Hz) f 1 (2 cycle) = No. of C)i's x rpm
D = Tailpipe Dia. (ft.) 60 

f 1 (4 cycle) = No. of Cyl's x rpm 
2x60 

Contra.I)' to popular belief. there is little to be gained by 
angle-cutting tailpipes or vent stacks. While a bias (bevel) cut 
provides no additional reduction of noise. it is more 
expensive than a square-cut end and the pipe is more 
vu.Jnerable to vibration and stress. 

Stationazy engines are usually insbilled in a building or 
enclosure with intake (for larger engines) and exhaust (for 
all engines) ducted to the outside. At higher operating 
speeds, the engine and turbocharger casing may produc'e 
excessive noise within the building. Acoustic treatment 
(lagging) may be required for portions of the intake and 
exhaust piping and the turbocharger housing to prevent 
radiation of high-frequency noise. The interior walls of the 
building may also require some form of treatment. But 
rather than resorting to extensive wall and ceiling treatment 
to reduce the noise in multi-engine installations, such as 
compressor stations. a system of movable acoustical walls is 
often used to isolate and protect workmen durtng extended 
periods of maintenance and overhaul of individual units. 

Normally about one-third of the fuel energy produced by 
Internal combustion engines and gas turbines is released as 
exhaust heat to the atmosphere. In many cases, it's not only 
possible, but economically desirable, to recover a high 
percentage of this heat converting the otherwise-wasted 
energy to useful work Recovered heat can be used to heat 
buJldlngs, heat waier for general usage, prcxluee low-pressure 
steam and many other energy-saving applications. 
Combination heat-reeoveiy silencers will provide: 

a Increased silencing due to the reduction of the gas 
volume due to cooling 

b. Heat recovety up to 1,500 BTU/BHP/HR
c. Lower Initial east ( as compared to individual units}
The heat-recovery silencer may operate wet or d:ry. The

heating elements are typically rolled pipe coils or multiple 
runs of straight piping. Extended surface ftntub!ng ls the 
most efficient. The elements are generally removable for 
inspection and maintenance and should be drained when 
operating d:ry. 

Although the silencer does not require eotle construction 
or certification. heat recovety elements, connecting headers 
and piping are typically of eode construction and are 
hydrostatically-tested to 50 pstg or more. depending on 
actual operating conditions. 

When a heat-recovery silencer ls used for low-pressure 
steam, a steam chest with pumps. controls, gauges. vdlves 
and piping Is required as shown in the diagram of Figure 5-9. 
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Max. Heat Available = Exhaust Gas (#/Hr.) x 0.24 x 
.iT = BTU/hr. 

Heat Recovered = LMTD x TSA x U = BTU/hr. 

LMTD = 
GTD - LTD

GTD 
ln LTD

TSA = Total Outside surface area (sq. ft.) of recovery coil 
or tubes 

V = Overall heat transfer coefficient 
ln = Log Base e

Most heat-recovery silencer systems are custom-designed 
to meet specific customer requirements . 
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Gas Turbines Most gas turbines are noisy and require no!se control The extent of the silencing depends upon the turbine size (hp), location, duty cycle and the silencing criteria Both worker expesure and neighborhood noise levels must be considered With worker hearing protection. communication and safety the major concerns. Gas turbine systems are usually supplied by the turbine. generator or compressor manufacturer as a package complete With silencing and other related eqUipment. The major sources of gas turbine notse are: a Intake b. Exhaustc Casing (radiated)d Structural resonancesSee Figure 5-10 for a comparat!Ve example of Intake.exhaust and casing noise. Intake noise ls created by the interaction of the gas compressor blades and the stator. and ls a function of pressure increase, number of blades and blade-tip speed. The overall level of the intake noise ls somewhat less than that produced by the exhaust, although tts high-frequency content sounds much louder than the higher-amplitude. lower-frequency exhaust noise. Exhaust noise from the power turbine Is the predom:trumt source. Its increase in amplitude and shift to the lower frequencies ts due to the combustion process. Casing noise rs normally about l 0 dB below the combined Intake and exhaust levels. The generator driven by the power turbine In electrtc power generation ls not a major no!se source. Nor ls the gas compressor used in pipeline systems. However. when a gas generator and power turbine are enclosed extension of the housing to include the electric generator or gas compressor should be considered 
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(16 :�� 5-lO. 1YPICAL UNSILENCED NOISE LEVELS , p GAS TURBINE PIPELINE COMPRESSOR UNIT] The intake airflow to the gas turbine ls usually stated Inpounds per second. Conversion to ACFM ls a functi f ambient pressure and temperature: on o 
r Intake Flow = Lbs /S • • 

I · ec, x Specific Volume x 60 =ACFM
Specific Volume = 10.72 x Ta28.9 x Pa - cu. �/lb.

The exhaust ACFM beelevated exhaust temp:ure: calculated by correctlng for the
Exhaust Flow = Intake ACFM x 460 + ° F 530 ACF'M



Afr filter and inlet plenums provide various amounts of

noise reduction. ranging from 6 to 10 dB depending upon

the frequency of the noise and the type of filter used Heat­

recovery systems v.111 also provide a reduction. but generally

of a lesser amount. Further, any analysis should take into 

aceount the effect of the multiple sources.

The major considerations in the application of noise

control for gas turbines are:

a Aerodynamic requirements (airflow distribution and

pressure drop)

b. Acoustic requirements ( total system)

c. Structural requirements (including corrosion, thermal

expansion. se!Sm!c and windload design. etc.)

The intake system must be properly designed and Installed

so it does not restrtct airflow at the turbine inlet. The same 

applies to the exhaust system. Typical pressure drop limits 

are shown In Flgure 5· l 1.

TOTAL AP � 7" H20 (Air to Air) Max 

Intake AP ; 3" H:zO 

Includes: 
Air Filter 
Silencer and 

Plenum 

Exhaust AP = 4" H20 

Includes: 
Expansion Joint 
Transition 
Silencer 

Stack and 

Exit Loss to Atmosphere 

Figure 5-11. 1YPICAL PRESSURE DROP COMPONENT LIMITS 

For silencer and system AP calculations based on actual 
operating conditions, use formulas in the APPENDIX. 

Gas turbines normally require high-performance. low-loss 
panel-type dissipative silencers on both the intake and 
exhaust systems. SlZ!og is based upon allowable pressure 
drop, silencing criteria and required connection size. 
Depending upon the internal design of the exhaust silencer, 
Its velocity limit Is about 15,000 1pm. Actual panel thickness 
and spacing between panels ls determined by the seiv:lce 
and frequency content of the noise. 

A gas turbine silencing system. when provided as a 
complete package, often includes (but ls not limited to) the 
following: 

1. Air Inlet system
a Filters (multi-stage) - Inertial and media type
b. Filter house/ access ladder and platform
c. Silencer and plenum assembly/blow-In door and

pressure drop limit switch 
d Structural support 

2. Gas generator and power turbine enclosure/access doors
and provision for turbine removal 

3. Exhaust system 
a High temperature expansion joint 
b. Transition assembly
c. Silencer assembly
d Stack e..:tenslon
e. Structural support

4 Secondaty air (ventilation) fire dampers • • 
5. Optional automatic fire protection (Halon or CO2) system
6. Optional enclosure for electric generator or centrifugal

compressor
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Rotary-Positive Blowers 
The most oommon types of rotary-positive blowers are: 
a. Lobe
b. Vane
c. Helical and Axial

Each type normally requires both Intake and discharge 
silencers. The Intake noise ls not as h1gh as that produced 
by the discharge but when open to atmosphere. the intake 
is the major nclse source, since much of the discharge noise 
is contained by the piping system In the !mmediale area of 
the air intake. unsilenced noise levels of 110 to 115 dBA are 
not uncommon. 

Capacities for lobe-t;ype b1oweis are normally expressed 
1n actual CFM at inlet pressure and temperalure oondltions. 
Maxtmui:n discharge pressures. vacying with the blower s!Ze 
and application are typically less than 15 ps!g. 

Blower sizes are described In Inches. e.g.. 12 x 25. The first 
number represents the timing gear diameter. and the 
second. the length of the rotor. Both the noise and pulsation 
produced are functions of the peripheral velocity of the 
timing gear. which Is numerically equal to the product of the 
gear ctrcurnference (reetl and the blower rpm Noise and 
pulsation produced by rotary positive blowers inherently 
reach a critical level at gear pitch-line vdocltles of about: 

a. Intake - 3,300 fpm
b. Discharge • 2,700 ·fpm
In silencing. reference to these critical pitch-line velocities

ill noted as being "above" or "below" the blower transition 
speed (rpm). Selection of silencer type Is based on blower 
transition speed. which Is a function of gear diameter and 
blower rpm as shown in Table 5-7. 
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critical PLV Blower Transition Speed (rpm) = 0_262 x gear diameter

Silencer sizing ls generally based on the blower com1ectlon 
or pipe size with velocities to 5500-6000 fpm. where silencer 
type and pressure drop permit. Acceptable silencer pressure 
drops range between: 

a Intake - 8 to 10 inches H20 (atmospheric) 
b. Discharge - l to 2 percent of the absolute operating

pressure
Silencers for small blowers. which normally do not produce 

high-amplitude, low-frequency noise, are sized on the basis 
of flow (velocity) and allowable pressure drop. Silencer 
volume ls not a consideration. 

Silencers for large blowers that inherently produce high­
amplitude, low-frequency noise and pulsation are sized on 
the basis of: (al blower displacement, (bl tlow and (c) 
pressure drop. The blower displacement is relatively small 
compared to the mass tlow rate of the blower, yet it can (and 
often does) affect silencer performance. Where blower 
displacement ls a consideration, the silencer volume--to­
blower displacement ratio needed to provide acceptable 
silencing ranges between 15 and 20:1. depending on the 
service and performance criteria to be met 

Large. low-speed blowers require reactive-type silencers. 
High-speed blowers operating "above" transition speed 
require combination reactive/ dissipative type silencers to 
reduce both the high-amplitude, broad-band noise and low­
frequency pulsation: 

a. Intake (2 chambers)
b. Discharge (2 or 3 chambers)
Dissipative-cype silencers are successfully used on the

Intake of small blowers. In addition to the silencer, the high­
speed blower may require acoustical lagging or effective 
isolation of the blower casing. 

Large. high-speed blowers may require partial or total 
Isolation of both the casing and driver to prevent the 
radiation of excessive high-frequency noise. Isolation can be 
achieved with a partial or total housing around the blower 
and silencers, When totally enclosed the blower often 
requires forced ventilation. In addition. acoustical lagging of 
the piping may be required to meet OSHA levels at 3 feet. 

Silencer requirements for vane-type blowers are the same 
as those for the lobe type except at "above transition" speeds 
where there may be considerable carry-over of lubricating oil 
in the discharge piping. Oil carry-over often prevents 
effective use of a dissipative-type silencer. A reactive-type 
silencer with external acoustic lagging is normally required 

Silencer requirements for the helical and u:lal•type 
compressors are again essentially the same as that for the 
lobe type. "Above transition" speed requires a combination 
reactive/ dissipative silencer for added reduction of high 
frequencies to prevent shell and pipe ring. 

High-speed axial-type compressors normally produce 
both high-amplitude, high-frequency noise and pulsation. 
So silencers of special design and construction are required. 
A dissipative or reactive-type silencer may be used on the 
intake. However, the dissipative-type Is the more effective. If 
the specific-,ation precludes use of internal "pack" material in 
contact with the gas stream. the appltcation requires a 
reactive-type silencer with external acoustic lagging. Also. the 
severity of the noise and pulsation produced by the 
discharge may prohibit the use of a dissipative-type silencer. 
In such cases. a reactive-type silencer of extra heavy internal· 
construction (with external acoustical lagging) to ASME code 
requirements may be the solution_ Typical operating 
pressures range from 25 to 300 pslg. Silencer velocities may 
run as high as 6,000 fpm. depending on the service. silencer 
type and allowable pressure drop. 

For silencer and.system .:l.P calculations based on actual 
operating conditions, use formulas 1n the APPENDIX. 

Silencer manufacturers should be contacted for specific 
silencer recommendations for all high-speed, axial-flow 
compressors. as well as other applications and services 
where operating pressure exceeds 15 pslg. 



Centrlfagal Compressors 
Centrifugal and axial-flow compressors may be single- or 

multiple-stage. covering a wide range of capacities - from 
200 to 150,000 CFM - and pressures to over 5,000 psig. 
The centrifugal compressor tn the process !ndustly ls 
typically driven by an electric motor or steam turbine, while, 
ln gas transmission. the centrifugal is powered by a gas 
turbine or engtne. 

The noise produced by centrifugal compressors may 
exceed 120 dBA. depending on Size. rpm and service, and 
consists primarily of discrete tones interdispersed over a 
broad-band frequency spectrum of lesser Intensity. The 
maximum amplitude occurs at the blade-passing frequency 
and Its second hannonic: 

I Blade Passing Frequency = N x�m = Hz I 
Where N = Number of rotating blades. 

Large high-speed compressors may require partial or total 
isolation of the compressor casing, gear unit all<J/or driver to 
prevent radlation of high-frequency noise. Isolation can be in 
the form of acoustical lagging, a partial housing or total 
housing around the combined unit 

The importance of proper sizing of Intake and dlscharge 
piping for centrifugal and axial-flow compressors cannot be 
over-emphasized. Large Inlet piping does not necessarily 
produce less noise. (Actually it may Increase the noise at the 
intake.) But larger discharge piping (reduced velocities) is an 
effective way to reduce piping noise. 

Both intake and discharge silencing is normally required. 
However, In many atmospheric intake services. only Intake 
silencers are needed. The most effective silencer is the low 
pressure-drop, dissipative type. All silencers should be close­
coupled to the compressor when possible to prevent 
excessive pipe-radiated noise. 

Silencer velocities normally range from 3,000 to 6,000 fpm. 
Maximum velocity acoustically should not exceed 7.500 fpm. 
Actual silencer slzing depends on the allowable pressure 
drop and slze of piping. Maximum drop ls generally 2 to 4 
Inches H2O depending on the slze of the compressor and 
the operating conditions. 

The predominant compressor noise source is the 
atmospheric Intake. The compressor itself is normally of 
heavy cast material which minimlzes the radiation of casing 
noise. The other major noise source is the discharge, whieh 
may radiate through the piping. headers and the entire 
discharge system to create a serious and demanding noise 
problem in adjoining areas. 

Centrifugal compressor noise ls produced primarily by 
blade-tip turbulence which is a function of horsepower, 
speed (rpm), mass flow, dlscharge pressure. number of 
stages of compression, type of gas. piping velocities and 
Jnllne restrictions - elbows. reducers and the Uke. 

High-speed compressors are Inherently noisier than low­
speed units. And too, doubling of the horsepower typically 
results in a noise Increase of 4 to 5 dB. The compressor 
manufacturer can provide the unsilenced Lw or Lp needed 
for acoustic analysis and silencer selection. 

Silencer and piping guidelines for large high-speed blowers 
and compressors should include, but not necessarily be 
limited to, the follo"'ing considerations: 

1. Straight runs of piping should be used where possible,
avoiding excessive use of elbows, reducers and other 
restrtctive components. 

2. For best overall performance, the silencer should be
bolted directly to the compressor. Depending on size and 
service, an expansion joint and possibly an elbow at the 
compres.,or connection, may be necessary. (Even this limited 
amount of piping may require external acoustleal lagging. to 
prevent radiated noise.) Additional lengths of piping between 
the compressor and the silencer are not recommended. 

3. The silencer may be a dissipative-type or
reactive/ dissipative combination. depending on blower or 
compressor type and service. 

4. Where intemal acoustic fill is not permitted. the silencer
may be reactive (multi-chamber) type with external acoustic 
lagging. The entire length of the silencer shell and the 
silencer head on the compressor side should be acoustically 
lagged and jacketed by the silencer manufacturer. 

5. Typically the lagging ls 2- to +Inch-thick fiberglass (3
to 6 pounds per cubic foot in density) or mineral wool ( 4 to 
8 pounds density) \\ith aluminum or steel jacket (overlapped 
and banded tightly). 



6. External acoustic laggtng of the silencer may be
requlred to meet the 90-dBA OSHA criteria at 3 feet,
regardless of whether the silencer is close-coupled or 
installed some distance from the compressor. In addition, 
effa1:ive acoustic isolation of the compressor housing and 
drive motor may be requlred. 

7. Pipe slZtng, silencer 1ype and arrangement and method
of support are normally reviewed and approved by the
blower/compressor manufacturer. 

Reciprocating Air CompressoN 
The noise produced by a reciprocating air compressor is a

function of horsepower - the number of .:_-y!inders. bore and
stroke (whether single-acting or double-acting), speed (rpm),
type of gas and compression ratio. The compressor size (hp) 
and/or compression ratio are the major factors, and noise ts
generated during both the Intake and discharge cycle of 
operation. 

Reciprocating compressors are widely used in plant and 
process air seIVice, i.e. single-stage. single-cylinder (DA), at 
600 to 900 rpm The predominant component noise sources
are: 

a. Air intake (atmospheric) 
b. Discharge piping 
c. Casing and driver (engine. motor, etc.) 
The air intake system is 1ypically provided with a filter and

silencer or a filter/silencer eombinatioIL The filter may be
either a media impingement or inertial type as 
recommended by the compressor manufacturer. The silencer
must be a multi-chamber reactive 1ype. 

Reciprocating compressors prodm,>e both noise and 
pulsation. Unsilenced. large-bore, low-speed air compressors
generate an audible intake noise that ts almost always a
problem. In addition. it can produce low-frequency 
noise known as "alrbom pulsation." causing walls, windows 
and doors to vibrate. even at considerable distances from the
installatlon. 

When the intake is not provided with the proper type and
size silencer, the adverse effects of pulsation may starve the
cyllnder. reduce the volumetric efficiency of the compressor,
reduce the efficiency of the filter and increase both the 
intake and radiated piping noise. Comparative pulsation
levels are shown in Figure 5-12.
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Pulsation is as evident ln the intake piping of a 
reciprocating compressor as it ts In the discharge. Consider: 
(al the intake side of a compressor with the piston re.ceding 
from the discharge, preparatory to calling for more air, and 
(b J the reflected pulse In the pipe moving away from .the 
intake valve of the compressor. pulling a pressure void at 
the cylinder. When these two conditions are simultaneous,
the line pressure at the Intake valve Is below normal fur the 
duration of the intake cyde. The reduced pressure condition 
(when the air surges into the compressor intake as the valve
opens) decreases volumetric efficiency since the cyilnder is 
charged with gas having lower-than-desired density. 

When the predominant frequencies produced by a 
reciprocating compressor coincide with the natural 
frequencies of the intake system, an adverse noise and 
pulsation condition can develop. To avoid this: 

a. The length of intake piping shoulg be held to a
minimum - not to exceed 2/3 of the ¼ wave (A) length of the
fundamental compressor frequency ft. Avoid the ¼ A and 
integers thereof. 

b. The silencer should be "close-coupled" to the cyilnder
where possible. 

Close-coupling generally implies not more than 3 pipe 
diameters or a maximum of 18 Inches of connecting pipe 
between the compressor connection and the silencer. This 
ratio of pipe length to diameter gen<"rally keeps the
compressor valve-to-silencer distance within ten diameters, 
resulting in reduced noise levels with no measurable net 
pumping losses across the system. 

In instances where a compressor has more than one first 
stage cylinder, the cylinder crank angles must be taken Into 
account when sizing a special manifold-type silencer for 
mulU-cyiinder applications. 

The intake slug volume [SVil = displacement of the
cyiinder x volumetric efficiency of the compressor: 

I 1T B2 
S VE(%)

SV1= -4- X X 100 

Where B Cylinder Bore. In. 
S = Cylinder Stroke, in.

= cu. In. 

Intake 'Slug volume sets the silencer size by volume for 
slngle-cyiinder compressors. The intake slug vol:ume-to­
silencer volume ratio is typically IO to 13:1: 

Normal Minimum 
(Based on 3.5:1.l/d ratio) 

Vs 1/3 'fypical Silencer I.D. = ( 2_618 ) 

(Based on 5.0:ll/d ratio) 

= ( 
Vs 

)
1/3 

3.796 
Where the Vs is the required silencer volume, cu. In. 
l = silencer length
d = silencer diameter

The second consideration is that of a!rtlow (velocity and 
allowable pressure drop). Air is drawn into a single-acting 
cylinder once every revolution. A double-acting cyiinder takes 
in two charges per revolution. 

Actual intake a!rtlow (ACFM) displacement CFM of the 
compressor x volumetric efficiency: 

ACFM =11'B2 xSxlJ)mxNxAxVE (%)
4x 1728 X 100 

Where N Number of cylinders 
A = Cylinder Action Single-action = 1

Double-action = 2 

Average Intake silencer velocities are: 
a. Single-acting cylinder - 2,000-3,000 fpm
b. Double-acting cyiinder - 4.000-5,000 fpm
The silencer sizing, as determined by volume and a!rtlow

ls then compared. The larger of the two sizes is 
recommended. The selection of silencer type and design ls 
based on the required noise reduction (DIL]. 

The total Intake system pressure drop - Including the 
filter. silencer and piping - ls generally l!mited to 6 to 10 
inches H20. In order to meet the air supply requirements of 
a compressor (100-hp and above), the pressure drop across 
the silencer should not exceed 3 to 6 Inches H2u

Most process gas applications. Including air discharge 
silencers (dampeners], require special design and code 
considerations. For these services, contact the silencer or 
oompressor manufacturer. 
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Vacuum Pump& Toe most rommon of the industrial vacuum pumpsrequiring noise rontrol are, a Water�ed and dry-type rotary b. Reciprocating pistonc. Steam jet ejectorMost vacuum pumps pull a vacuum on the closed Intakesystem and discharge dlrect\Y to atmosphere Capacities areexpressed in terms of intake conditions. and should be stated for both atmospheric start-up and normal operatingvacuum conditions. fluid flow ls given In gpm.vacuum measurements alone are not sufficient toestabl1sh the system operating pressure. Simultaneousbarometric reference 1s required. The effect of barometricpressure Is shown in Figure 5--13. (standard atmospheric barometric reference) 29.92,. H 14.7 Sia 
j 20 .. Hg. Vac. \ (9.82 psi) 9.92,. Hg 4.88 psla Operating Pressure 

Full Vacuum O psla 

24.90"Hg. 12.23 psla (5.000' elev.) 
l j 20 .. Hg. Vac. j (9.82 psi) 4.90" Hg 2.41 psla Operating PreSsure 

14.7 psla = 29.92" Hg. = 406.90" H20 l psi = 2.04" Hg = 27.68" H20l" Hg. 0.49 psi = 13.60" H20 Figure 5-13 EFFECT OF BAROMETRIC PRESSURE ON 20" Hq VACUUM 
Water-sealed rotaiy pumpll generally do not require Intake silencing, but most require separators for liquid removal prior to entiy 1nto the pump. A separator. while not a silencer, will provide up to 10 dBA reduction. depending upon operating conditions. Both the separator and Intake silencer/separator combination (when required) should be designed and constructed for full vacuum (29.92 Inches Hg). The vacuum separator provides corrosion protection for the vacuum pump. 

The Intake (vacuum) separator i typically a hlgh­efficlency, low-pressure drop design/ centrifugal type with a low-side Inlet. top or high-side outlet and bottom drain. The size of the intake aep,uator depends upon the airflow and the quantity of liquid to be removed, a Maximum velocity for optimum liquid removal is approximately 6,000 fpm. based on ad:ual CFM at intake (vacuum) condition. b. Water flow rate (gpm) seldom exceeds 1 gallon per 15 cubicfeet of air. Higher liquid rates require a larger separator.
The water outlet (drain) must be s!Zed to handle the required flow and to match the water removal pump. A barometric leg may be used as a liquid seal and the water removed by gravity if sufficient vertical height is available. Water-sealed pumps use water as a seal. In vacuum service, discharging the liquid, along with the airflow, to atmosphere. A discharge separator/silencer ts required In Installations without an Intake separator. where both seal-water and inlet water are discharged. the separator/ silencer rn.ay have to be over-sized If the over-capacity condition ls caused by excessive intake water. an Intake separator ls needed as excess water through the pump increases the power cost The size of the dl&cbarge aeparatQr/silencer ts also based on the alrtlow and the quantity of liquid: a Maximum velocity for optimum liquid removal ts approximately 6,000 fpm at maximum flow which occurs at start-up. b. If complete separation Is not required and the amount of·water to be removed ls relatively low, a silencer with anover-sized drain may be sufficient Maximum velocity tsapproximately 7.000 fpm at start-up conditions and5.500 !pm at operating conditions. At the velocitiesIndicated pressure drop Is norma]ly not a consideration.The drain must be s!Zed to accommodate the large quantity of seal water being discharged with the air and piped to a sump. A water seal ln the sump Is recommended Height of the water seal "barometric leg" ts determined by the pressure measured in the bottom chamber of the separator/silencer. 
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The selection of the separator/silencer type depends upon 
the percent of free liquid that is to be removed and the 
required silencer OIL. 

Centrifugal-type discharge separators/silencers are 
required for the removal of large amounts of seal water. 
Efficiency requirements range from 90 to 99 percent of the 
entrained liquid. depending on the service and application. 
High-amplitude, broad-band noise from the vacuum pump 
and discharge to atmosphere requires either a reactive or 
reactive/ dissipative upper chamber, based on the rpm of the 
vacuum pump and/or the silencing criteria 

Dry-vacuum rota,y pumps may require both intake 
(vacuum) and discharge silencers. The sizing parameters 
and procedures covered under rotary-positive blowers apply: 
a. Determine the silencer type based on the blower Intake

and discharge transition speed. 
b. Silencer size ls based on flow (ACFM) and blower

displacement 
Reciprocating, piston-type vacuum pumps ordinarily do 

not require intake silencers except In circumstances where 
the line piping might starve the pump. 

Discharge silencers are sized and selected on the basis of 
both slug volume and flow, similar to that Indicated for the 
2-cycle engine. The discharge noise is typically low-frequency,
requiring a 2- or 3-chamber reactive silencer, depending
upon the silencing criteria 

The displacement CFM and pump volumetric efficiency 
should be obtained from the pump manufacturer or may be 
calculated: 

7r32 Displacement CFM � -- x S x N x rpm 
4 1728 

Discharge flow to atmosphere. under operating conditions, 
is a function of the operating vacuum and may be expressed: 

Discharge CFM 29.92 - "Hg Vac VE 
29_92 x Displacement cfm x100

The maximum start-up velocity, based on discharge CFM 
for atmospheric inlet conditions, should not exceed 7,000 
fpm. Maximum velocity for operating conditions, based on 
discharge CFM, should not exceed 3,000 fpm. At the 
maximum velocities indicated, silencer pressure drop Is not 
normally a consideration. 

The largest of the sizes determined by slug volume, start­
up and operating conditions Is recommended. 
Forced Draft Fans 

The intake oflarge, centrifugal, forced draft (FD) fans ls a 
top priority noise source in many power plants, often 
creating a worker exposure problem as well as a 
·neighborhood annoyance.

FD fan noise radiates equally into the intake and
discharge system. The intake is usually open to atmosphere
and is, by fl\lC, the most predominant noise source since the 
discharge noise is largely contained In 3/16-inch or heavier 
reinforced ducting. Discharge silencing is usually not 
required. 

All FD fans are noisy. The larger double-inlet FD fan often
produces noise in excess of 120 dBA While the smaller 
single-inlet fan ls less noisy, all FD fans require effective 
silencing of the Intake noise. Unsilenced inlet noise from the
single-inlet fan shown in Figure 5-14 ls 108 dBA As 
indicated in the example, broad-band silencing ls needed to
reach 90 dBA at 10 feet. 

Air turbulence and broad-band noise are generated by the
rotating fan blades. Discrete tones are caused by the 
Interaction of the blades and the housing. The maximum 
amplitude occurs at the blade-pass frequency and Its second 
harmonic: 
I Blade pass frequency � Nxrpm � Hz60 
N - Number of rotating blades 
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OCTAVE BAND CENTER FREQUENCY - Hz

•Based on free field divergence

Figure 5-14. SINGLE-INLET FD FAN INTAKE NOISE ANALYSIS

Fan noise increases with: 
a. Static pressure
b. Reduced fan efficiency
c. Fan size ( CFMJ
d Higher tip speed

Fan noise may be effectively reduced by prov!dlng:

a. Intake and discharge (where applicable) silencers

b. Fan vibration isolators
c. Duct liners
d Acoustic lagging or absorbent coatings

Where possible, a fan should be located on a roof or other 
remote spot. away from work areas. Use of hJgh velocity 
systems should be avoided to prevent velocity-induced noise 
and vibration. 

Generally, FD fan Intake silencers are the dtsslpatlve type, 
whereas induced draft (ID J fan discharge silencers are a 
special design with the acoustical fill set back out of the gas 
flow to prevent solids in the gas stream from clogging the 
perforated facing. 

Silencers are normally selected on the basis of maximum 
allowable pressure drop at rated flow, and the silencing 
criteria Maximum silencer velocity acoustically ls about 
7,5001pm. 

A silencer may be either cylindrical or rectangular. The 
latter ls often more economical in the larger sizes. An outlet 
plenum ls generally needed ( depending on the silencer 
design) so as not to reduce fan capacl1y. Properly-designed 
silencers may be Installed directly at the fan intake and 
discharge, provided that the airilow ts evenly distributed and 
that the allowable pressure drop is not exceeded 

Silencers for large volume fans which aperate at relatively 
low static pressures are sized for pressure drops of 0.20 to 
0.50 Inch H20 Drops of up to 3 Inches H20 may be 
acceptable for smaller fans. Ra!nhoods for vertical downflow 
silencers add ~ 0.25 inch H[iO to the system pressure drop. 
For silencers and system .iP calculations based on actual 
operating conditions use formula in the APPENDIX. 

The silencers must be of all-welded construction and 
adequately stiffened for rugged. heavy-duty fan service. 

1n addition to the silencers, a large fan located In a crttlcal 
area may require an acoustic enclosure around the fan 
motor. fan and the ducting In the immediate area of the fan. 
The enclosure should consist of absorbent panels to prevent 
reverberent noise build-up, and the arrangement and 
dimensions should be such that the normal airflow to the 
fan Is not restricted The TL of the enclosure (plenum) must 
be compatible with the silencer DIL. Figure 5-15 shows the 
most common silencer and plenum arrangements for both 
single- and douWe-inlet FD fans. 



1. Fans/Inlet Boxes 

2. Single Inlet Fans. 
Without Inlet Boxes 

Rectangular Silencer 
(Vertical Downflow or 
horizontal} 

�drtcal or Rectangular 
Silencer/Outlet Plenum 
to match fan connection 
{Horizontal} 

------;-,, -71 

3. Single Inlet Fans
Without Inlet Boxes 

/ 

Rectangular Silencer/Outlet Plenum 
to match fan connection (vertical 
do'Wilflow or horizontal) 

4. Double Inlet Fans
Without Inlet Boxes 

'- ..._ I

Non-shaft side, 
typically same as 2 and 3. 

Shaft st�1��nerally requires (where 
space is a: le} a special silencer and 
acoustical enclosure (plenum) 
combination 

' 
' 

.... , \ 
........... � ,,,, , I/,, I

' , 
// 

....... ,,, -- - - _,,/

5. Large multiple double-inlet fans in Series Common inlet plenum/ 
parallel baffle type 
inlet silencer 

Figure 5-15. 1YPICAL FD FAN SILENCER ARRANGEMENTS 



Pressure Regulators 
The major source of regulator noise Is flow turbulence. 

created by rapid expans!on of gas as in high-pressure vent 
and blowdown sen,ice The extent of this aerodynamic noise 
and turbulence ls primarily a function of the pressure 
expansion across the regulator. In critical flow applications. 
both the gas flow and resultant noise increases until the 
critical pressure ratio Is reached. Beyond this ratio there ls 
no further increase In flow, yet the noise level continues to 
tncrease with Increased ratloa A series of pressure 
reductions, each below the critical ratio, will produce less 
noise. However, the cost would probably be prohibitive due 
to the increased complexity of such a system 

a At critical "sonic" flows. the noise ls most predominant 
in the downstream piping. 

b. At sub-critical flows which produce less noise, the noise
ls propagated about equally upstream and downstream.

Effective control of valve and regulator noise may involve 
one or both of the following treatments: 

a Source Treatment - The reduction of noise at !ts source 
may be In the form of mult1Ple orifices incorporated Into 
the regulator design or placed near the regulator outlet 

b. Path Treatment - (See Figure 5-16.J Reduction of no!Se
between the source and rece!Ver may consist of (1 l in­
line silencers. (2) heavy-weight piping and/or (3) acoustic
pipe lagging.

This discussion ls limited to the path treatment only, 
leaving source treatment to the manufacturer. 
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Figure 5-16- VARIOUS PATH TREATMENTS FORREGUIATOR
NOISE 



In critical flow applications. the unsilenced noise in the 
discharge piping may exceed 120 dBA. A level of 110 dBA is 
not uncommon, as indicated in Figure 5.17. 

3' 130 

120 

__, 

i'Z 
110 

100 

90 

80 

70 
-/ 

' � 
1,400.000 SC.f<1i NATIJRAL GAS 

ff' REGULA.TOR 
' 

UPSTM: 215 psig ./' 
DWNSTN: 30 psig 

/ r-<-

./ 

V / 

l.,.,-"' 

1 l0dBA 
ILENCED � UNS 

'-
'\ 

90dBA 
WITH BURGESS INLINE 

IPATIVE 1i'PE SILENCER �ss 

'\ 

63 125 250 500 lK 2K 4K 8k 

OCTAVE BAND CENTER FREQUENCY - Hz 

Figure 5-17. TIPICAL HIGH-FREQUENCY REGULATOR NOISE 

When the regulator is located inside a room or building. 
with workers in the immediate vicinity, downstream and 
possibly upstream silencers are normally required. The 
regulator itself may require acoustical lagging or total 
isolation in the form of a removable enclosure 

For a regulator installed outdoors, a downstream silencer 
plus acoustic lagging of the upstream piping is normally 
adequate. In addition, in critical locations, the regulator area 
may require partial isolation in the form of an open-top 
sound barrier. 

Acoustic lagging of the piping, in lieu of installing 
silencers, is seldom totally effective. However, in short runs of 
above-ground piping where the radiating surface area is 
limited, or where the radiated noise level is borderline, 
acoustic lagging alone is sometimes acceptable 

A dissipative-type .silencer is normally required. In critical 
flow applications, where increased silencer pressure drop is 
not a limiting factor, a multi-port, multi-stage inlet diffuser 
is recommended for improved silencer performance 

Silencer and piping velocities normally range from 3,000 
to 6,000 fpm. The upper limit acoustically is 9,000 to 10,000 
fpm to prevent regeneration of noise in the piping. and to 
ensure against loss of internal pack material into the piping 
system. 

Generally, the gas flows are stated at standard conditions 
(SCFD at 14.7 psia and 70° F), in which case, the actual flow 
and velocities must be calculated: 

Actual flow = SCFD X Ta X z = ACFM51,918 x Pa 

WHERE 
SCFD = Std cu. ft./Day 
ACFM = Actual cu. ft/Min. 

Ta = (460 + °F) 
Pa = PSIA 
Z = Gae Compressibility Factor 



Gears, Mot.om and Drlve9 - Nleebaotr.al NohJe 
Gear noise ls generally related to gear design, 

manufacturing tolerances and operatlotL Accuracy of tooth 
design and shaft al.lgnment must be maintained to prevent 
metal-to-metal Impact noise. However, the major source of 
noise is not gear inaccuracy, but friction which is a function 
of the gear speed specific tooth loading and tooth-passing 
frequency. 

l Tooth-passing Frequency =

N = Number of Gear Teeth 

Nxrpm 
60 = Hz 

Gear noise Is a composite of the tooth-passing frequency 
and a number of the higher harmonics. metal-to-metal 
impact and structural resonances of the system. 

A simple acoustic enclosure - one that Is easily and 
quickly removed for inspection and maintenance of the gear 
unit - may be required to reduce noise lo acceptable levels. 

Couplliqpl can generate both noise and vibration due to 
speed and misalignment. A removable shroud (sleeve) ,a,ill 
usually eliminate the noise problem. and provide worker 
protection from the rotating shaft. In hazardous areas, the 
acoustic shroud should be of non-metallic, non-sparking 
material. 

Electnc mot.on may also be noisy and requlre silencing. 
Toe cooling fan noise Is typically the predominant source. ln 
a large 3,600-rpm motor. the fan can produce noise 1n the 
frequency range approximating that of a siren. Other 
sources of motor noise are the interaction of the rotor and 
stator, dynamic unbalance and housing resonances. 

Dissipative silencing may be built into the motor housing 
by the manufacturer, or silencers may be supplied separately 
and ducted to Intake and discharge openings In the 
housing. A removable n -shaped acoustical enclosure 
completely housing the motor ls sometimes the more 
practical solution. Acoustic louvers and/or dissipative 
silencers should be provided to insure adequate air for 
cooling. 

Cbapter6 
CONCLUSION 

This handbook has discussed only a few of the majorsources of Industrial noise. A multiplicity of other noise
sources require similar controls, but plants differ so Widelyin complexity and operation that each one must be
considered lndiVidually for the particular noise sources
present 

Noise control should be an important oonsideration in the
planning and layout of any new factllty. Retrofit cost alone{not Jncludlng downtime or production loss) can be many
times more costly than the inltial lnstanatlon of a noise
control system. 

In summaiy, effective noise oontrol (as presently mandatedby federal state and local agencies) creates numerous
benefits. It improves worker communications, increases
production. Improves quality of work output redures thechance of accidents and inju,y, reduces the potential for
occupational hearing loss among workers and, 1n general.improves the plant relationship with its neighbors in the
community. 



APPENDIX I 

BASIC FORMULAS 

l. BASIC FLOW FORMULAS FOR AIR AND GASES -

Va Pa Ts 
Vs = PsTa Z Va= VsPsTaZ

PaTs 

Pa SCFM = 36.054 ACFM TaZ
Pa SCFH = 2163 ACFM Ta z

ACFM = 

ACFM = 

scrn = 51,918ACFM � z ACFM = 

Where Pa = Operating Pressure, psla 

SCFMTaZ
36.054 Pa 

SCFHTa Z
2,163 Pa 

scrnTaz
51,918 Pa 

Ps = Standard 1:;essure. 
t� r1:.01ute (460 + °FJTa = Operating empera

ture.'. Absolute 1460 + 70) 
�

s 

: �
n

g:,!p!::r::ty Factor (if not known use 1., 
Vs = SCFM at 14.7 psla and 70°F, 
Va= ACFM 

I:: :
a

::: :��;;:,-1 
Where A Silencer open area (Sq. ft.) 

4P = HzO 
ACFM -Silencer Velocity (V) = --;;:- - fpm

3. BASIC SILENCER 4P FORMUlA -

Silencer .6.P = C x ( _..Y._) 
2 x MWa x Pa x Ts x .J...4005 MWs Ps Ta z 

Where AP = Pressure Drop, "HiG
C = Silencer Coefficient 
V = Exit Velocity, fpm 

MWa = Molecular weight of the gas 
MWs = Molecular weight of standard air = 28.9 

In most atmospheric air applications the formula may bereduced to 

.6.P = C x (......Y__ )2 x ( 530 ) = "H204005 460 + °F 
AP lntake system = AP FUter (or entrana: loss) + A P silencer+ 41' plptng
AP exhaust system = AP Silencer + A P piping + <%It loss

Silencer Coemctent C vartes with Silencer type and design -
C Values (Range)

Dissipative (lnllne) 0.25 - 0. 75 
Reactive type Low Loss 

Standard 
0.25- 1.50
3.5 • 6.0 

Contact the Silencer manufacturer for actual Silencer C values.
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EXIT TO ATMOSPHERE ♦ 

t I l i I 
C = 1.0 C = 1.0 

DIVERGENT CONE (TO ATMOSPHERE) 

Co 

L 
�DEGREES 

6 8 10 15 20 

1.0 1.0 .90 .80 .61 .55 

1.5 .86 .73 .64 .50 .47 

2.0 .73 .60 .52 .41 .42 

3.0 .54 .42 .36 .31 .36 

4.0 .42 .34 .29 .26 .33 

6.0 .25 .22 .20 .25 .33 

j_ __ __ 
D 

T 

SMOOTH PIPING 

o
0 

= 0.0148 ( 1. )
D 

ELBOWS-Co 
LONG RADIUS 

SMOO'lri 0.15 
3 piece 0.34 
Spiece 0.24 

C = 1.0 

30 

.58 

.60 

.62 

.65 

.69 

.67 

SHORT RADIUS 
0.22 
0.42 
0.33 

l'fPING ELBOWS AND PIPE LENGfflS SHOULD BE MINIMIZED TO PREVENT 

EXCESSIVE PRESSURE DROP. 

APPENDIXm 

TYPICAL SILENCER FLOW AREA 

Silencer Ar.ea 
Nominal Size (inches) (Sq. Ft.) 

1 0.006 

1½ 0.014 
�----·-· 

2 0.023 
·--

2½ 0.033 

3 0.051 

3½ 0.069 

4 0.103 

5 0.156 

6 0.225 
·--

8 0.381 
,__ _____ ---·-·-

10 0.599 

12 0.850 

14 1.028 

16 1.350 

1P 1.715 
-

20 2.123 

22 2.575 

24 3.071 

26 3.581 

28 4.162 

30 4.787 

32 5.455 

36 6.922 

42 9.393 

48 12.306 
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BURGESS-MANNING INDUSTRIAL SILENCERS 

Burgess-Manning has supplied a wide variety of silencing 
products for lndustrtal applications since the early 1920's. 
Today, with this broad expertence along with continued 
research and product development efforts, we offer you one 
of the broadest lines of standard silencers to meet almost all 
lndustrtal silencing requirements. Our e,q,ertenced 
englneertng staff Is continuing to expand and Improve our 
products and is available to work with you on standard or 
custom designed equipment to meet your specific 
requirements. Standard or custom silencers outlined here 
can be manufactured to AWS or ASME code requirements in 
carbon or stainless steel and aluminum In our own facilities 
to strtct quality standards. 
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VENT AND BLOWDOWN SILENCERS 

Burgess-Manning vent and blowdown silencers have been 
developed through years of extensive laboratoiy and field 
testing to attenuate the high noise levels associated with 
high ptessure gas and steam vents and blowdowns to 
atmosphere. The noise levels generated are a function of the 
pressure. valve and pipe size. temperature and type of gas 
being discharged. Heavy ducy construction features have 
been designed into these silencers for extended life in the 
severe conditions existing on high pressure vent 
applications. Inlet diameters range from 2 to 60 inches. For 
application. sizing. and dimensional information on 
standard silencer models ask for Bulletin 10-1-2. 

lndtdrial 
Silencing 
·=- . 

®I 
i 

INTERNAL COMBUSflON ENGINE SILENCERS 

Burgess-Manning engine silencers are designed for use on 
engine intake and exhaust systems for 2/ 4-cycle naturally 
aspirated. turbocharged reciprocating engines. Standard 
silencers are available to meet hospital. residential. 
commercial, industrial, or your specific acoustic 
requirements. Spark arrester silencers are available for 
marine or hazardous applications. Silencer inlet diameters 
range from l" to 66"; sizes 12" and below are etocked in 
many models. For application, sizing and dimensional 
Information on standard engine silencer models. including 
two spark-arrester silencer models. ask for Bulletin 10-2-2. 

1,11 
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RECIPROCATING COMPRESSOR SILENCERS 
Burgess-Manning air Jntake silencers and pulsatlon 

dampener are designed to reduce the air Intake nolSe and 
pressure pulses on reciprocating compressors to acceptable 
levels. Typlcally requiring reactive-type silencing for the low 
frequencies Involved. the Burgess-Manning multi-chamber 
silencers proVide the required broad band attenuation 
needed to meet the specified levels. For pressure discharge 
applications, silencers/pulsation dampeners are available to 
meet your application requirements. Standard silencer inlet 
diameters range from 1" to 48"; sizes 12" and below are 
stocked For application, sizing. and dlmensional 
information. ask for Bulletin 10-3-2. 

132 

CENTRIFUGAL COMPRESSOR SILENCERS 
Burgess-Manning silencers are designed for atmospheric 

!make and dlscharge and pressure discharge applications.
Being characteristically high-frequency sound Burgess­
Manning centiifugal compressor intake and dlScharge
silencers are designed to attenuate this noise to meet your
particular requirements. Typically absorptive designed
silencers are utilized since they are highly effective in the
higher frequency bands. Designed with a mlnlmum of
airflow restiictlon. the pressure drop across the silencers ls
minimized Standard silencer inlet dlameters range from l"
to 66"; for application. sizing, and dimensional information.
ask for Bulletin 10-4-2.
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ROTARY POSITIVE BLOWER SILENCERS 
Burgess-Manning silencers are designed for atmospheric 

air intake and pressure discharge applications. Developed to 
reduce the pulsations and noise associated with rotary lobe. 
screw and helical screw type blowers. Through many years of 
field and lab expertence Burgess-Manning has developed 
reactive and reactive-absorptive silencers specifically 
designed to reduce the shell radiated noise and the inlet and 
discharge pulse generated noise levels associated with blower 
systems. Special externally acoustically lagged units are 
available to meet the most strtngent requirements. Standard 
silencer Inlet diameters range from r· to 48": sizes 12" and 
below are stocked. For application, s!zlng and dimensional 
lnfonnation. ask for Bulletin lQ.,5-2. 

ROTARY VACUUM PUMP
SEPARATOR-SILENCERS

Rotazy vacuum pump separators and separator silencersare designed for full vacuum service on Uquid seal wcuumpump applications. Burgess-Manning separators are designed for use on the inlet side where typically silencing 1snot required and separator silencers are available for the discharge application. Standard separators are available to remove up to 99% of free liquid Standard silencer /separator inlet diameters range from l" to 30"; sizes 10" and below arestocked For application, sizing and dimensionalInformation, ask for Bulletin 1 {H,-2.
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AIR INTAKE FILTER/FILTER SILENCERS 
Burgess-Manning air intake filters and filter/silencers are 

designed for use on internal combustion engines. rotary 
positive blowers. reciprocating and centrifugal compressors. 
Filters and filter/silencers are available in both single-stage 
or dual-stage series. Filter media can be disposable. non­
abrasive, non-rorrosive porushalr or reuseable metalik steel­
mesh. Second stage filters use felt media. Standard filter and 
filter/silencer inlet diameters range from 4" to 42"; all 
replacement elements maintained 1n stock. For application, 
sizing. and dimensional Jnfc:rmation. ask for Bulletin 40-1-2. 

FAN SILENCERS 
Burgess-Manning fan silencers are designed to reduce the

Intake and discharge noise caused by axial and centrifugal
mechanical draft fans. The standard and custom designed
silencers are selected or designed to reduce noise to sound
levels specified by the customer. Typical applications include
forced and induced draft fans for power plants and steel
mills. For additional information, contact Burgess-Manning.
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GAS TURBINE SILENCER SYSTEMS 
Burgess-Manning designs and manufactures intake and 

exhaust silencers, intake filters, and evaporative cooling 
systems for use on gas turbines. Since each turbine 
installation is typically unique. Burgess-Manning custom• 
designs systems and sub-systems to meet specific pr�ect 
and/or environmental requirements. Major components 
Include single or multi-stage filters; demisters and 
evaporative rooters. Intake air silencers. secondary air intake 
silencers. acoustical enclosures and modular exhaust 
silencers. Customer applications have ranged from skid· 
mounted 2,000 HP turbine drivers to 85,000 kw generator 
systems. For additional information. contact Burgess­
Manning. 
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