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PREFACE

This report summarizes the accumulation and study of neise data of the
ele¢trical and mechanical equipment agreed upon within the terms of Con~-
tract No. DACA 73~68-~C=0017 between the Office of the Chiefl of Engineers
and Bolt Beranek and Newman Ine. The equipment included in this study
represents most major equipment involved in the operation of almost any
large occupied building, with the excepticn of (1) the entire air handling
and air distribution system and (2) personnel and material conveyance sys-
tems (elevators. escalators and conveyors). The purpase of this raport is
to arrive at nolse estimation methods for the various types of lneluded
equipment, so that a reﬁsonably reliable noise estimate can be made of the
equipment, on the basis of type, size, speed or other operational charac-
teristic, without having to firat define the specific manufacturer and
model of the equipment. With such noise estimates, the architect and
engineer can proceed with buillding designs of mechanical spaces that would
adequately contain or control the noise of this equipment, before final

equipment bids are submitted and selected.

The nolse estimation methods derived in this report are used in the final
report of this proJect which is an engineering manual entitled "Mechanical
Bquipment Noise Control". This manual is a follow-up of the esrlier
BEN-OCE manual on Power Plant Acoustics (TM 5-805-9) and will be directed
toward the design of neise end vibration control for the electrical and

mechanical equipment ss installed in dbuildings,
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WARNING

Some of the noise data obtained and presented in this report were obtained
with the permission of the equipment menufacturers with the understanding
that the data would only be used to develop general noise relationshlps,
that the data would be used discreetly and that the manufacturers' specific
data would not be made public. This report is prepared for the sole use
of the Corps of Engineers of the U.5. Army as back-up information to give
technical support and verification of the general noise relationships that
have been derived here and that will be used in the Manual, Only a few
reports have been printed and distributed to the Corps of Engineers. Fur-~
ther copying of this report is not authorized without permission of the
Corps of Engineeras or the written permission of all manufacturers re;

presented.
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ACQUISITION AND STUDY OF THE NOISE
DATA OF CERTAIN ELECTRICAL AND
MECHANICAL EQUIPMENT USED IN BUILDINGS

SECTION 1. INTRODUCTION

In the pursuit of this project, noise data on equipment have been collected
from four general sources: (1) from published literature, (2) from
manufacturers, (3} from BEBN filcc on carlier Jobs, and (4} frem BEN measure-
ments specifically for this job, At this point in the report, the break-
down of all data into these four sources is not attempted; rather, some
reference to the sources of data is made within each discussion of the
specific types of equipment, Early in the projlect a form letter was sent
to over 130 manufacturers of equipment included in this report seeking

noise dats or suggestions on control of noise and/or vibration of their
equipment. The response was better in some ways than expected, but was
quite poor on an absolute scale, indlicating the paucity of data (and
possibly interest) in the noilse of theilr products, Some companies made
generous and important contributions of data and we are particularly grate-
ful to them for their interest and ccatributions, These contributions are
acknowledged separately under the particular equipment discussions, We
wish, at this point, to give special credit to Mr. Peter Baade, Senlor
Acoustical Engineer of the Research Division of the Carrier Corporation,
for his assistance to our work. Mr. Baade is in charge of editing the
chapter on Noise Control of the ASHRAE Guide and Data Bock, 8o he especially
appreciates the magnitude of the task and its value to architeets and en-
gineers, Among other positive contributicons to this project, he furnished
us with a recent paper by Irving Heitner.*® Mr. Heitner's paper is a
significant contribution in the area of plant noise and much of the equip-
ment glven in his paper is within the list of equipment covered by this re-
port. In the separate sections on specific equipment, the Heitner estimates,
where applicable, are included aleng with other data, A copy of Mr.
Heitner's paper is included at the end of this report. Although we helieve
that the total collection of data on the specific equipment listed here is
more extensive and up-to~date than some of Heitner's data, we nevertheless
admire the thorough work that he obviously has put into his paper,

Three brief explanations are offered here for the data studies that follow:

#'How to Estimate Plant Noises", Irving Heitner, Hydrocarbon Processing,
December 1968, Vol. W7, No. 12, pages 67-Th.
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one pertains to SPL ve PWL, one pertains to the development of the noise
estimation curves, and one pertains to vibration data.

1-01. SPL DATA. In the collection of noise data for the Power Plant
Acousties manual it was almost essential that the data ultimately be pre-
sented in terms of sound power level. This was brought on by the fact that
the engines varied greatly in size and their rooms varied greatly in volume
and layout. It was also made possible by the fact that most engines vwere
measured by BBN personnel, measurements were made from several positions

in the room and the acoustic absorption conditions were noted so that the
effect of the room acousties could be considered in calculating the sound
power level, Alsc, some engines were measured out-of-doors and that effest

was also taken into account.

In the present collection of data, most noise levels are measured at close-
in positions because equipment space is usually limited; most mechanical
equipment spaces ure somewhat similar in size (especiamlly the helght of the
room); and for a very major part of the data, not enough information is
given about the room conditions to warrant an evaluation of sound power
level. For these reasons, most of the noise data are presented in terms

of sound pressure levels rather than sound power levels,

In order to "standardize" all sound pressure levels to a common condition,

n distonce of 3 ft has been selected. This decision is based on at leaat
three considerations: (1) because of crowded conditions in mechanical

sphces most measurements mre taken at close distances, (2) much of the

quoted data in the literature refers to a 3.ft distance, although this is

not a universally used distance, and (3) when considering the various build-
ing elements that provide noise control {walls, ceilings, floors, ete.),

the floor is always a near-by element and it is not unresgonsble to con=
pider that the equipment noise at a 3~ft distance will approximate the noise
levels impinging on the floor at the base of the equipment. Thus, it appears
that the 3-ft SPL values would be the highest SPLs necesaary in a noise
eveluation (specifically applicable to the floor) and that the levels would
decrease for greater distances within the rcom. Also, for most applications,
at 3«f't diptance the noise levels are essentially in the near field of large
pieces of equipment and are almost independent of the acoustic character-
istics of the room, Thus, theae close-in levels can be tnken for any room
and/or equipment configuration with only o small emount of uncertainty due

to room acoustics. In the Manusl, the SPL reduction for greater distances
from the equipment are given in appropriate charts and tahles.
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1-02. NOISE ESTIMATION CURVES. In the Power Plant Acoustics manual,
referring to reciprocating engine casing noise as an example, a best~fit
curve was drawn in an attempt to represent the data of a large number of
engines having & number of noise-influencing factors. A "nolse design i/
curve" was then drawn 2 dB sbove the best-fit curve. The values of this '
design curve then were equal to or greater than the PWL values of
approximately 80% to 90% of all the engines studied. This approach seemed i
to give the necessary design protection, recognizing that a few engines e
would be slightly noisier than the design curve would prediet. The de~ o
tailed data study on engine casing nolse produced whet appeared to be im- '
portant perameters to noise generation, so the finally selected design curve, :
with its appropriate corrections for specific engine charscteristies, led

-

RELETIT b i
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ERE ; r'i to & relatively low standard deviation between measured noise and estimated
- L noise. The agreement between measured and estimated noise for other por-

tions of reciprocating and turbine engine nolse was not as good as far ¥

- reciprocating engine casing noise due to the inabillity to speecify so well i

Ll the factors that influence noise generation and radiation. -

5 o

- In the present project, several factors make it impossible to be as specific r

lq‘ about the noise of this equipment as we were able to be in the engine noise i

" study: (1) a greater diversity and a larger number of types of equipment i

are included in the present study, (2) less measured field data have been
taken on each type of equipment,(3) there may be considerable design i
variability by different manufacturers for some of the equipment included i
here, (L) the mmount of time and money available for this study does not i
permit an in-depth evaluation (or sttempted evaluation) of some of the more
subtle characteristics that might influence noise, and (5) the noise of 1t
most of this equipment is not so high but that it can be controlled by "
normal methods, This latter point is an important one. If s diesel engine i

’E were placed in an upper floor of a hospital, apartment bullding or office i
building, certain special and somewhat unconventional steps would have to i
be taken to control the transmission of noise and wibration to nearby ;

f; critical areas of the building, However, the noise and vibration produced g

bee by most of the equipment included in the present study can be controlled ¥

by fairly straighteforward methods that are already in general use by many
architeets and engineers, Thus, it is believed unnecessary to know to o
high degree of accuracy the neise of all the equipment, as long as the
expected upper limits of the noise can be protected by reasonably conven-
tional methods. In the dats summaries that follow, the '"Degign Curves"
tend to represent the 80 to 95 percentile curves of noise where adequate
data seem to justify this selection, or possibly the upper limits (or
beyond) of the measured noise when very little data were available, To
some extent, the resulting designs may be slightly over~designed if the
actusl equipment is quieter than the design curve would indicate. On the
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other hand, where limlited amounts of data have gone into this study, there
is always the possibility that the actual equipment used may be slightly
noisier than the design curve would indiecate. For upper fleoor locations,
floor requirements are more likely to be imposed by the vibretion isolation
needs of the installation than by the alirborne sound sspects of the problem,
s0 an over-design for airborne sound may not be an over-design in terms of

vibration control.

To summarize, depending on the quantity, quallty and unlformity of the noise
data, Design Curves are developed to provide a high degree of protection in
the estimating of equipment noise,

1-03. VIBRATION DATA. Vibration data have been collected and studied
for several pieces of equipment in this project. The vibration levels are
quite variable, however, due to (1) actuzl position of the vibration .pick-
up (accelerometer) on the equipment, (2) nature of the isolation mounting
of the equipment, and {3) ambient vibration levels in the building due
to other sources that could not be turned off., The data are sufficiently
variable and sketehy that it is Iimpossible to draw conclusions on the gen-
eral vibration characteristics of equipment and of equipment mounting
arrangements that would be meaningful to this study. Consequently, vibra-
tion data are not presented here or in the Manual, but vibration control
recommendations for all included equipment in on-grade and upper-flcor
locaticns are given in the Manual.

1-04, HZ V8 CPS. 1In the relatively short time since the completion of
the Power Plant Acoustics Manual, the term "Hertz" has moved rapidly into
fairly common use as the unit of frequency, replacing the older and more
familiar unit "eycles per second", Even though this represents a change
from the Power Plant Acoustics Manual, it is proposed that the new term
“Hertz" (abbreviated "Hz") be used throughout the new Noise Control
Manual, Data given in this report refer to Hz for expressing frequencies.

1.05. EQUIPMENT NOISE SUMMARIES., Individual discussions of the noise
of each type of equipment are given in the sections that follow. The types
of equipment ineluded in the nolse summaries are outlined below:

Refrigeration System Equipment

Packaged Chillers with reciprocating compressors
Packaged Chillers with rotary-screw compressors
Packaged Chillers with centrifugal compresgsors
Built-~up refrigeration machines

Absorption machines

1,
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Heating System Equipment

Bollers
Steam Valven

Liquid Circulstion System Equipment

Cooling Towers
Pumps

Air Compressors
Prime-Mover Equipment

Electric Motors
Steam Turbines
Gears

Electric Equipment

Transformers

SECTION 2.
PACKAGED CHILLERS WITH RECIPROCATING COMFRESSORS

Noise data for 2k reciprocating compressors or packsged chillers with recip-
rocating compressors have been collected and studied, Thege units range in
aize from 15 tona to 130 tons cooling capacity. Two manufacturera, Carrier
Corporation and Dunham~Bush, have submitted data on a total of six of their
compressors; an earlier paper*® by Robert M. Hoover of BEN provided data on
eight compressoras, and the data for ten compressors have been collected or
meapured specifically for this job. The nolse levels have been reduced to
a common 3-ft diastance from the front of the compressor. All the known data
of the units are summarized in Table RC-l, The rated cooling capacity is

'

# ffsige Control for Reciprocating Compressors", Robert M., Hoover and
Lloyd J. Williams; Heating, Piping and Air Conditioning, November

1962,
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given in tons for most of the machines, but when this value was not known,
the rated HP of the driving motor or engine has been used, These values
are close enough that they are frequently used interchangeably. Measure-
ment positions are selected to emphasize compressor noise, but it is
posslble that some noise levels are influepced by other noise sources in

the area.

In terms of noise production, it appears that the measured compressors can
be divided into two groups: 15-50 tons and 51-150 tona. The two ends of
the total range have heen extended slightly to cover compressors from

10 to 175 tons, The suggested Design Curves based on study of all the noise
data are given in Figure RC-l, There is not a large enough range in speed
for the machines measured to Justify & noise adjustment for speed.

In Figure RC=-2 the octave band sound pressure levels of the seven compressors
in the 15-50 ton group are compared with Design Curve A, A similar com-
parison is shown in Figure RC-3 for Design Curve B and the seventeen units

in the 51-150 ton group. Only four data points exceed the Design Curves:

one exceedance is of 2 dB and three exceedances are of 1 dB only. Thus,
these Deasign Curves represent approximately the B5 to 100 percentile noise
curves in the four frequency bands of most concern ih considering noise con-
trol in bulldings, namely the 125, 250, 500 and 1000 Hz bands. In these
same bands, the 75 percentile curve would fall about 3 dB below the Design
Curve and the 50 percentile curve would fall about 7 dB below the Design
Curve. All of this means that noise control based on the Design Curves
would give adequatz protection for approximately 85% to 100% of these
machines (based on the limited sampling of this study). If the Deslgn
Curves were 3 dB lower, they would give protection to about 75% of the equip-
ment; or if the Design Curves were about 7 dB lower, they would give protec-

tion to about 50% of the equipment.

When cooling requirements exceed about 100 to 150 tons, centrifugal compres-
pors become more economical so there are few reciprocating units rated above
about 150 tons. Even in this collection of data, several of the larger

units are actually made up of assemblies of two to four smaller compressors.

The noise levels of the two Design Curves of Figure RC-1 are proposed for
use in the Manual and the values are tabulated in the accompanying Table
RC-2. Although major interest has been concentrated here on the compressor
component of a refrigeration machine, an electric motor is usually the drive
unit for the compressor. The noise levels attributed here to the compressor
will encompass the drive motor most of the time, so these values are taken
to be applicable to either a reciprocating compressor alone or to a motor
driven pachkaged chiller containing a reciprocating compressor. For a more
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e} TABLE RC-1

MEASURED NOISE LEVELS OF RECIPROCATING COMPRESSORS
USED WITH PACKAGED CHILLERS (NORMALIZED TO 3-FT DISTANCE)

HP OR COMPR, MANUFACTURER, MODEL OCTAVE BAND CENTER FREQUENCY - HZ

CODE _TONS _RPFM AND DRIVE UNIT 31 63 125 250 500 1loc0 2000 4c00 8000
RC=1 15 H -~ B§ 7 g2 83 83 7h 70
ECc-2 20 H -~ Bs E?s 7 Ba B2 82 7h &8
RCa- 25 H -- B3 84y 86 86 8 84 Bo 73
RC- 25 1756¢ Dunham-Bush PC-25 {M)* -~ 71 66 72 7H 75 68 63 60
RC-5 27 1750  Carrier 06EWO033 My = = -~ B2 76 78 76 67 70
RC-6 50 806  vilter (E) 79 83 79 8 81 8o 76 72 69
RC= 50 -~ 77 79 B4 7B 77 8 9 69
RC= 60 2200 Vilter 4412-Bi4 (E) 83 84 86 87 9 0 5 0 77
RC=9 60 1500  Aeme GD-40 (E) 76 B1 83 86 B 8 85 86 81
RC-10 60 (H) -- 90 82 82 88 9o 89 82 75
RC-11 62 1750  Carrier JOHROGC (M)* -= - =~ 73 79 HD 70 68 72
RC=12 70 X -~ 79 Bo B5 6 7 ) €9 62
RC=13 75 1750  York 3D7SE (M g 81 83 8z 5 g 2 77 70
RC=14 75 1750  York 3D7SE (M 0O B2 B6 B5 91 91 82 82 78
RC-15 75 (H) -- 83 81 g2 o4 g2 88 7 73
RC~16 .80 -- 8 79 8 B3 B85 84 7 71
RC-17 80 1750  Dunham-Bush PC-80 (M) -- 09 0 7 EE T9 T9 78 TE
RC-18 82 1750  Carrier BH120 (M)* - 77 2 79 0 0 h 6
RC-19 100 1750 Carrier JOHR100 (M) -- == B8 73 8 B 73 71 72
RC-20 100 660  Worthington 6JF4-100 (M) -- 8 79 82 831 B2 79 78 18
RC=-21 100 1750 Carrier J0AA-100 (M} -~ B85 80 80 86 B& 80 0 65
RC~22 100 H -~ 91 79 Bs 86 83 83 0 79
RC-23 100 H ~= 81 7 91 93 89 86 78 L
ac-24 150 H -= 84 3 89 80 93 88 85 1
FOOTNOTES

(M) Compressor driven by electric motor,
(E) Compressor driven by englne.

~ {H) Data obtained from paper by R, M, Hoover; manufacturer not specified.
* Data provided by manufacturer.
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TABLE RQ-2

ESTIMATED SCUND PRESBUNE LEVELY OF
PACKAQED CHILLERS WITH RECIPROCATING
COMPRESBCRS (AT 3-FI' DISTANCE INDOORY)

cooLIna, CGTAVE BAND CENTER FREQUENCY =~ 12
TONS 31 63 185 250 500 10ag 2000  hono  Booo
10-50 B2 a6 84 86 a7 86 a4 8o 75
51-175 85 90 g9 92 93 92 90 86 81
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FIG.RC-1  NOISE LEYELS OF RECIPROCATING COMPRESSORS AT 3-FT DISTANCE
{Svggested design curves for two ranges of cooling capacity)
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complete analysis of any particular combiration, motor data taken from
ancther part of this report can be compared with compressor data. It

will be found that some motors in the 1B00 RPM group and in the power

range of 100 to 200 HP will be slightly noisier than compressors in a

few high frequency bands,

SECTION 3. ,
PACKAGED CHILLERS WITH ROTARY-SCREW COMPRESSORS

In response to our reguest for nolse data on refrigeration equipment,
Dunham-Bush, Inc. offered data on packaged chillers equipped with rotary-
gscrew compressors. Apparently thie is a relatively new form of compressor
application in this country, although a somewhat similar pump by De Laval
was encountered several years ago in shipboard applications., We have had
no field experience with the Dunham-Bush units, but we include here the
noise data offered by them to us., Because of the limited amount of data,
no attempt is made to derive a procedure for estimating the noise of similar
machines for a variety of sizes, speeds or manufacturers. The accompany=
ing Table RS-l summarizes the SPLs at 3 ft distance for a 120-ton and two
230-ton units, each operating at 3600 RPM. Dunham-Bush preduces five
models of this machine, covering the range of 120 to 350 tons.

For purposes of nolse control, 3 dB have been added to the highest octave
band levels given by the manufacturer, and these higher levels are proposed
for use in the Manuasl., They are shown in the bottom line of Table RSel,
Obviously, this represents an attempt to protect building designs agalnat
somewhat noisler equipment than reported by the manufacturer. In view of
the shortage of data on this type of equipment, this higher estimate seems

Justified.
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TABLE RS~1

APPROXIMATE SOUND PRESSURE LEVELS AT 3-FT

Dunham=Bush
Medel

PCX-120H
120 ton, 3600 RPM

PCX-230H
230 ton, 3600 RPM
TWO TESTS: (1)

(2)

supzested Deslgn Nolse
Levels, 100-300 Tons

DISTANCE DUE TO PACKAGED CHILLERS
HAVING ROTARY-SCREW COMPRESSORS

65

68
73

76

125 250
62 i)
71 89
77 82
80 g2

OCTAVE BAND CENTER FREQUENCY - HZ

500

8z

86
86

89

i

1000 2000 4000 8000
79 77 72 65
82 75 72 66
gz 75 72 70
85 8c 75 73

e e



SECTION h.
PACKAGED CHILLERS WITH CENTRIFUGAL COMPRESSORS

In a typical packaged refrigeratiopn machine the compressor is the prineipal
nojge source, even though compressor-induced noise may be radiated by the
condenser and chiller cylinders and the interconnecting piping. The noise
of the drive unit (electric motor, steam turbine or gear) is to be con-
sidered separately if the driver is a separate assembly; otherwise, the
noise of the drive unit is included with that of the compresser. When the
cooling requirement is greater than about 100 to 150 tons, the refrigeration
compreccor is typically centrifugal., Fur Lhils siudy, noise hans been ob-
tained or measured for 22 centrifugal type compressors. These measured
compressors range in size from 140 tons to L4000 tons and represent five
leading manufacturers, The SPLs at the normalized 3 ft distance and other
known data of the compresgors are included in Table CC-l. These nolse
levels may be influenced by motors, gears or steam turbines used to drive
the compressors, but the measurement positions are generally selected to
emphasize the compressor noise., In Table CC-1 most cooling capacity ratings
are given in tons, but where this rating was not known, the HP rating of the
driver has been used. These two quantities are very nearly equal for many
refrigeration machines.

The SPLs of these 22 units are plotted in Figures CC-l to CC-3, separated
into three groups cn the basis of rated cooling capseity: 140-350 tons,

400-700 tons and 1200~-4000 tons., These are somewhat arbitrarily selected
groups, but they illustrate the large range of noise levels found within

relatively small intervals of size.

There is no significant correlation between noise and (a) ton rating (or

HP of the drive system), (b) compressor speed or (e) manufacturer. Within
close groups, bused on any one of these three possible parameters, large
variations in noise are found., Thus it is belleved impractical to try to
set up a noise prediction acheme closely tied to individual design or
cperational factors, The apparent oddity in the data that upsets any simple
correlation of noise output with size of machine is the fact that the noise
levels of the medium~size group (400-TOO tons, Figure CC~2) are generally
above those for both the smaller and the larger groups. Within that noisier
group there does not appear to be any basic reason for the greater noise:
different manufacturers, different drive systems and different speeds are
all represented in this group. Due to the limited number of machines
represented {only three units are outstandingly noisy: CC-B, CC~ll and
CC-12 in Table CC-1), it does not seem justified to construct a special
noise relationship around this medium-size group; yet there may be a trend
here that deserves more study in the future. Based on some comments from
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MEASURED SOUND PRESSURE LEVELS OF PACKAGED CHILLERS WITH ()':ENTRIFUGAL COMPRESS50RS

fones
TABLE CC-1
{NORMALIZED TO 3-FT DISTANCE INDOORS

. HP OR COMPR, MANUFACTURER, MODEL AND DRIVE
CODE TCHS  DRIM INFORMATION
ce-1 140 1B000  AMER-STD HI-SPEED TONRAC 60LB,HERM,
cec-2 150 TRAKE CENTRAVAC, HERMETIC
ce-3 180 YORX TURBOPAK HT-20, HERMETIC
co-i 225 3600 TRANE PCV-2C
te-5 240 1600 AMER-STD TONRAC 18-L-13%5,HERM,
cec-6 350 3600 TRANE CENTRAVAC, HERMETIC
ce-7 350 3600 SIMITAR TO CC-6, SAME INSTALLATION
cc-8 4oo 3600 CARRIER (17-M?)
ce-9 450 3600 AMER-STD TONRAC 450-701, 2-ST. HERM,
cc-10 480 YORK
cc-11 650 WORTHINGTON, HERMETIC
cc-12 700 6600  YORK 226-A-6 (GEAR DRIVEN)
cc-13 1200 WORTHINGTON 42 EH-12-12 (STEAM TURR. )
cc-14 1250 5894  YORK TUREOMASTER 238-B-B, 2-STAGE

(GEAR DRIVE)
cc-15 1500 4600  YORK 238-n-~-4 (STEAM TURBINE)
(MEASURED AT 1/3 LOAD, 3200 REM)

cec-16 1500 5000  YORK 238-B-8 (MOTOR DRIVEN}
¢c-17 1500 3600 CARRIER 19-C-1512, HERMETIC
¢c-18 1500 3600  CARRIER 19-C-8x5
cc-19 1500 3600 SIMILAR TO CC-18, SAME INSTALLATION
co-20 1500 3600  CARRIER, 19 DA 160
¢e-21 3500 5610 CARRIER, 17 DA {STEAM TURBINE)
ce-22  hooo 4150  CARRIER, 17 DA {STEAM TURBINE)

OCTAVE BAND
63 125 250
75 83 88
8 73 71
73 Bs Bz
8o 73 79
77 81 79
83 76 T2
77 79 73
95 91 68
78 79 B0
79 84 8o
83 B85 81
83 87 91
8o 83 8o
81 82 82
OT5 75
79 80 82
™hOTH 76
Bs 84 84
By 84 B2
79 B85 85
7¢ 79 83
-- B 90

CENTER FR
500 1000
a7 63
73 78
82 78
81 Bi
77 77
71 75
Ta 73
92 89
a1 88
Bo 83
88 oy
91 93
80 Bo
86 86
h 9
86 85
™77
86 g2
83 87
8a By
86 89
92 96

EQUENCY - HZ
zo00 hooo  Eoco

79
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78
79
71
T4
70
87
77
91
51
93
76

86

72
74
70
7
75

90
84

82

73
€9
7
73
61
61
59
Bo
65
B2
86
a8
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a1

T2
69
69
€9
66
a1
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TABLE €Ce2

ESTIMATED SOUND PRESSURE LEVELS AT 3-Pr DISTANCE
DUE TO PACKAGED CHILLERS HAVING CENTRIFUGAL COMPRESSORS
OCAVE PAND CENTER FREQUENCY - HZ

Cooling Capacity 3 63 185 250 500 1000 2000 hoon  Boog
Undar 500 tona & 88 0y o0 g0 91 9z 87 8o
500 tons or more B 90 91 g9z 93 97 99, 94 a7
x 100
-4
m
e
=
=
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o
2 [
[=]
: f 3 i
80
8 ATx T 4 4 b
b-
z 3 + i
a2 (=] x = 4]
A
> 1 2
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A
n
W ‘:.
[ o 140 TON  cC-1
2 ® 50 TON  cc-2
3 A 1BO TGN  CG-3
" 4|l O 225 TOk  cc-4
=} A 240 TON ce-5
g 8 3% TON cCC-6
o X 350 TON cC-7
u
a W0 i | A
t‘, LR 63 125 250 500 1000 2000 4000 8000
o GCTAVE BAND CENTER FREQUENCIES IN HZ (eps)
F16.cC=1  ANISE LEVELS OF CENTRIFUGAL COMPRESS0KS, 140-350 TOKS
{Heasured Data Hormalized to 3 ft Distance)
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Peter Baade of Carrier Corporation it is poesible that different units had
differing amounta of wrapping or covering or acoustic treatment at or near
the discharge line of the machine, vhich he describes as generally being
the noisiest part of the machine.

Two design curves for nolse of ceptrifugal compressors are suggested in
Figure CC-k: one curve is proposed to represent units of under 500 tons
cooling capacity and one curve is used to represent units of 500 or more
tons cooling capacity". These curves represent approximately the 90 to
100 percentile noise levels in the octave bands above 500 Hz. The design
curves are intentionally a few decibles higher than most of the measured
nolse in the 63-250 Hz frequency bands because sometimes during pericds
of low cooling loads on & centrifugnl compressor an additicnal amount of
low frequency noise is produced. Figures CC~5 and CC-~6 compare the two
design curves with the measured noise levels for compressors in the "under
500 tons" and "S00 tons or more" ratings.

The design curves of Pigure CC-4 are proposed -for use in the Manual, and
the nolse level values for these curves are tabulated in Table CC-2. These
values are believed to cover a very large portion (possibly 90-95%) of all
refrigeration compressors of the centrifugsl type. For a less conservative
approasch, these values could be reduced 3 dB with a slightly reduced
probability {possibly 75-90%) of adequate coverage.

SECTION 5. BUILT-UP REFRIGERATION MACHINES

The nolse of packsged chillers, as presented in the preceding sectlons of
this report, generally includes the noise of both the compressor and the
drive unit. If a refrigeration system is to be made up of separate pleces,
then the noise level estimate should include the nolse of each component
making up the assembly. The nolse levels of the components should not be
ndded together, but the noise of the combined equipment in each octave
band should equal the highest nolse level of each component in that cctave

band,

As an example, suppose a built-up refrigeration machine is to be made up
of a steam turbine, o gear and a centrifugal compressor, Assume a 1000-HP

* A ton of cooling capacity is defined as the amount of heat removal ree
quired to produce one ton of ice per 24 hour period.
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gteam turbine at 1800 RPM, a 1000-HP gear at 1800 RPM input speed and
3600 RPM output speed and a 1000-ton centrifugal compressor at 3600 PRM.
From the other sections in this report, the following 3 ft SPLs are
estimated for the nine octave frequency bands from 31 Hz to 8000 Hz respec- o
tively: "
for the steam turbine (from Table 5-2) -
88 93 45 91 &7 81 B8 85 8o
for the gear (from Table $-2)
gl ¥ 100 100 100 100 100 100 100
for the centrifugal compressor (from Table CC-2)

89 90 91 ga 93 97 29 gk 87

N I T S |

1

From these three rows of values, it is seen that the gear noise dominates
all octave bands, The noise levels for the entire system would then be
taken as the highest levels of each of the components, i,e,

ot 97 100 100 100 100 100 100 200

1 (£
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SECTION 6. ABSORPTION MACHINES l,i‘:f

Noise dats have been acquired for only two steam absorption machines for
this study. More data would be sought if these were notoriously noisy
devices, but they are quiet enough that they are usually ignored and any
noise survey of a mechanical equipment room. The noise 15 usually made i
up of some erackling, popping or hissing nolse that sounds somewhat similar ‘
to ice cubes being chipped-up by a rotsting prepeller blade. The machine {
usually inciudes one or two small pumps. Steam flow nolse or steam valve
noise may also be present.

T PRRRERI R

LR S

Figure A-1 includes plots of the noise of two measured Carrler avsorption
machines plus the noise of an under-12-HP motor and pump as taken from
Figures M-1 and P~ in other sections of this report. It is believed that
an envelope curve slightly above each of these individual noise contribu-
tions will give adequate coverage of most sbsorption machines used in
refrigeration systems for bulldings. fThe nolise levels shown by the design
curve in Figure A=l are given in Table A~1 and are planned for use
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QCTAVE BAND SOUND PRESSUIE LEVEL IN d8 RE 0.00D2 MICROBAR
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in the Manual. There are no data relating these noise levels to the size
or capacity of the absorption machines,

SECTION 7. BOILERS

Noise data have been measured or collected for at least 36 boilers; in some
installations two or three boilers were measured and the averages are given
here as though for a single boiler. In a majority of the cases, neither the
manufacturer was known nor was & reliable estimate of the heating capacity
of the boiler determined., However, for 13 boilers the heating capacity was
known, and an attempt has been made to correlate the noise output with heat-
ing capacity. This attempt has been fruitless., PFigure B-1l gives the 3-ft
noise levels (usually in front of the boiler where combustion and blower
noise are o maximum) for 8 boilers in the size range of 50-300 BHP (boiler
HP), while PFigure B~2 gives the noise levels of 5 boillers in the size range
of 600-2000 BHP., There is no clear trend of noise vs holler rating. In
Figure B-1, boilers 4 and 5 are almost equal in size (180 and 200 BHFP)

while their nolse levels represent the largest differences shown, Similarly,
in Figure B-2, beilers 2, 3 and 4 are nearly equal in size {1000, 1100 and
1200 BHP}, yet they show the largest noise level differences. In one octave
band or ancther, all 12 boilers rated in the 50-~1200 BHP range exceed the
noise of the largest boller rated at 2000 BHP; while in one octave band or
another the smallest boller rated at 50 BHP exceeds the neise of 10 larger
boilers in the range of 125-2000 BHP.

Thua, it appears that heating capacity alone ia not a very significant factor
in determining boiler noise. This is not an unreasonable concluslen when one
gees the wide variety of blower asgemblien, burners and combustion chambers
found on the various boilers ineluded in this accumulation of data. There
was insufficient knowledge of whether a given boller was a water-tube type
or a fire-tube type, 80 it was not possible to check this as a noise-
influencing parameter. As the names suggest, in the water-tube boiler,
combustion takes place in the apace all around the water-filled tubes; and
in the fire~tube boller, combustion gases are fed through the tubes that
penetrate the water~-filled tanlk,

Heating capacity is given in at least four different ways and it is de-
sirable to be able to interrelate these. For the current study, all ratinga

21



have been reduced to equivalent boiler horsepower, designated "BHP", The
four rating terms sre:

~a) 8g £t of heating surface
{v) BTU/hour
(e} 1b of steam/hour

(a) BHP
To a first approximation, these terms are interrelated as follows:
10 sq ft of heating surface = 1 BHP
33,500 BTU/hour = 1 bHP
33 1b of steam/hour = 1 BHP

From Figures B-l and B-2 it appears that there is no predictable relation-
ship between noise and henting capacity, so one must be content to use a
nolse curve that will provide reasonably good protection for all possible
boilers, Flgures B-3 and B-4 give noise levels of two additional groups
of boilers, moatly unidentified as to details. Figure B-3 represents a
group of noise levels of boilers collected over the years by Robert M,
Hoover of BBN, and Figure Bl represents a group of noise levels reported
by D. Kibblewhite* in 1967. The Hoover data generally represent approxi-
mately 3 £t distances. The Kibblewhite levels cover a total range of
approximately 18-300 BHP and are unspecified as to measurement distance.
The data are merely listed as being associated with "boller~houses'", On
this basis it has been assumed that these might generally represent
reverberant rield levels, so the published values have been increased by
3 dB to bring them to the common 3 ft distances used here.

The solid curve shown on each of the four figures represents the boiler
noise curve proposed for use in the Manual., On the four figures there
are m total of five boilers that exceed the nolse curve in the 31, 63 or
125 Hz octave bands, These exceedances range up to 14 dB above the noige
curve. It does not seem reasonable to ralse the necise curve any farther
in order to enclose these points since there is ample evidence that many
quieter boilers exist. Thus, it is suggested that the noise curve be
used both for the design of the boiler room and as 8 specification of
maximum sound pressure leveln for boilers. A few nolae exceedances
exlat in the octave bands above 125 Hz but these are not too significant
since the low frequency values will almost entirely control the acoustic
design of the room,

# "Nojge Levels in Bodilder Houses and Plant Rooms," D, KIBBLEWHITE, JIHVE
(the British Journal of the Institutlon of Heating and Ventilating
Engineers), June 1967.
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(HZ )

31
63
125
259
500
1000
2000
4000
8000

TABLE B-1

ESTIMATED SOUND PRESSIURE LEVFELS OF ROILERS, AT 3-FT DISTANCE *

S50UND PRESSURE
LEVEL
{dB re 0.0002 microbar)

Distances should be measured from the front surface of the
boller,
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The noise levels shown by the solid line in the four figures are given in
Table B-1, These noise levels should be associated with the front face of
the boiler, where most of the noise oceurs.

SECTION 8, STEAM VALVES

Three examples of steam valve poise have been measured, All three are
plotted in Figure V-1, In one room of a large building, the steam line
and valve gserving that bullding was measured; this example 1s shown by

the thin solid line in the figure. In another mechanical equipment aresa,
three steam lines and valves were located together, so that one noise
measurement position combined the noise of three valves, The pressure
drop across the valves and the steam flow through the valves was not known,
but according to the labels on the pipes, two valves separated "high pres-
sure” from "medium pressure" and one valve separated “medium pressure" from
"low pressure" steam. The noise from the valves seemed typical; the
measured noise levels are shown by the dashed curve in the figure. The
low frequency noisge levels are attributed to other equipment in the room.
The steam pipes of the above examples were covered with thermal insulation
and the conventional spiral-wrapped cloth tape. In the third example,
what appeared to be two valves in series were located cloge-together in
one large steam pipe {(approximately 20 in. outside diameter, including
thermal insulation). The neoise levels are shown by the dotted line of
Figure V-1, In this example, the thermal insulation was covered with a
sheet aluminum cover, The lower noise levels in the high frequency region
for this third exsmple presumably can be attributed to the use of two
valves in series or to the aluminum wrapping., Either step would reduce
the steam noise. Even though the noise is generated at and near the
orifice of the valve, the pipes on either side of the valve radiate a large
part of the total noise energy that is radiated. Hence, a good pipe
wrapping (acoustic as well as thermal) is capable of reducing steam valve

noise radiation.

The spectrum of the high frequency valve noise is presumed to be a function
of the Jet velocity and the size of the valve opening, and the intensity of
the nolse is assumed to be related to the total mass flow and the velocity
of the steam. Becsause none of these dimensions is known for any of the
valves measured, no sttempt has been made to study the possible parameters.
A very spproximate caleulation was carried out in accordance with the

26

=y

!

E ol

B

L Tk e = i e gt - e AT M RCEaT

it b b i ———




e BT LY Tt e L J N TR . e . . . -

'
|
1 5]
! B
i
i
Eod 4
I.J
- o 100 d
H :
[=] H)
. a [
g %
=3 B
: n W i
G : l 2 SUGGESTED DESIGN CURVE -]
. o \ - ‘,
o a - o)
: u SN i
. T ap S i
- ﬂ | \ 3
X z \ 3
h 3 B
E
D 2 70
;
w
|4 3 PIPES AND
T} 3 VALVES NEAR-BY—
wn
o g Pl G
o o " ot ~ SHEET ALUMINUM WRAPPING
—d o ., o GVER THERMAL INSULATION
g R Iy ONE, VALVE OF PIPING, POSSIBLY TWO
=1 “ahe? VALVES IN SERIES FOR ONE
— L LARGE PIPE
' 2
=
w
= &
2 a0
5 [E) &3 125 750 500 T00g 2000 4000 BAGO 134
o OCTAVE BANG CENTER FREQUENCIES IN Hz (cpst i
oy
i i
A
ﬂ FIG. V-1 NOISE LEVEL OF STEAM VALVE NOJSE AT 3-FT OISTANCE i
I
b 2
%
[
i
K ;
f
TABLE V-1 i
D ESTIMATED SOUND PRESSURE LEVELS OF STFAM VALNE HOISE, AT 3-FT DISTANCE
OCTAVE SOUND PHESSURE
PREQUEHCY L
BAND {dB re 02,0002 microbar)
e B Abz)
: a1 10
- 63 70
; . l [j 125 70
3
ok 250 10
500 5 o
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procedure offered by leitner in his paper, and the agreement was at lesast
reassonable. The calculations are not suggested, however, for an architect
or mechanical engineer,

The heavy line shown in Figure V-1 is suggested as a design curve for stesm
valve noise, The noise level values are listed in Table V-l and are pro-
posed for use in the Manual., This curve assumes a normal thermal insula-
tion on the piping, but no acoustic cover over the wrapping.

SECTION 9, COOLING TOWERS

Over the years BBN personnel have collected large quantities of noise data

on cooling towers, and much of this hes been reported in the literature,*
Noise estimation procedures originated by BBN have been used in the ASHRAE
Cuide and have appeared in other publications. Tables 17 and 18 of the

Power Plant Acoustics Manual present sound power level summaries of propeller=
type and centrifugal~type cooling towers. These values are still considered
to be generally applicable, although they may vary from manufacturer to

¥ 1. "Cooling Tower Nolse," lra Dyer and Laymon N. Miller, NOISE CON-
TROL, May 1659,
2. "Noise Characteristics of Seversl Types of Cooling Tower Installa-
tions," R. M. Hoover, presented orally at the Acoustical Society
Meeting, Philadelphia, May 1961.

3. "The Noise of Cooling Towers," Laymon N. Miller, Bulletin of
International Tustitute of Refrigeration, 1962 Supplement,

4. "Acceptable Hoise Levels of Cooling Towers," Laymon N. Miller,
presented orally at ASHRAE Symposium, New York City, February
1963,

5. M™l'he Noise of Cooling Towers," Engineering Bulletin No. 25C

of The Baltimore Aircoil Company, prepared by BBN and BAC, March
1962 {reprinted June 196L and to be brought up-to-date and re-

printed in 1970).
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manufacturer and from model to model as specific design changes take place.
Table 17, for propeller-type cooling towers, has been chanhged slightly, by
adding 3 dB to all PWL values in the 63 and 125 Hz bands, The chenge is
intended to provide for an increase in noise cutput at the blade passage
frequency. Bince the blade passage frequency may not be known at the time
of the preliminary design, this noise increase 1s provided in both the low
frequency octave bands that might contain the propeller blade pasasage
frequency. Table 18 and the modified Table 17 are reproduced here as Tables
CT-1 and CT=2. The average outdoor sound pressure levels at any distance

from an unobstructed cocling tower can then be determined by applying the
iztaonze torm from Tokles hE or W7 of the Bower Plant Acematics Maminl to

A
Sk ik e wamd ad ok L e ke A

the PWL values of Tables CT=1 and CT-2.

9-0%. DIRECTIVITY EFFECT. For the Manual a procedure is offered for
estimating the directicnal effecta of the noise of some of these cooling
tovwers in an outdoor situation. This is based on a study of falrly com~
plete dats provided by the Baltimore Aircoil Company ("BAC") on s large
number of their centrifugal-fan blow-through cooling towers and their axial~-
flow blow~through cocling tewers. The BAC noise data are obtained from
free-field sound pressure level rendings taken at S-ft and 50-ft distances
from the top and from each of the four sides of each tested tover. From
these five zets of readings on a number of towers, generalizations have
been drawn for this present study on the directivity of some cooling tower
noise, It is obvious, of course, that the noise differa for different
radiating surfaces of a typical tower. It is to be recognized that the
generalizations drawn here from a rather detailed study of one manufac-
turer's data will not apply exactly to all other cooling towers, but it is
believed that these generalizations are one step closer toward the useful
data frequently required by the architect or engineer in laying out cooling
towers and cooling tower noise control treatments in any given acoustic
environment. It is still deairable to try to obtein from the manufacturer
actual measurad noise levels for all directions of interest, but if these
datn are not forthecoming, it is essential to be able to construct approxi-
mately the directional pattern of the cooling tower nolse,

For aid in ijdentification, four general types of cooling towers are sketched
in FPigure CTwl:

A, the eentrifugal-fan blow-through type,

B. the axial-flow blow-through type (with the fan or fans located

on a side wall),
C, the induced-dratt propeller-type, and
D. the "underflow" forced-draft propeller-type (with the fan located

under the assembly).
29



Table CP~-3 gives the suggested corrections to be applied to the average
SPLs of a cooling tower for eech of the principal directions (i.e., in a
direction perpendicular to each surface of the cooling tover). The
directional corrections for centifugal-fan blow-through units and for
axialaflow blow-through units are based on the BAC measured data. No
detailed data on directionality are available on the other two types of
propeller cooling towers, so Judgement estimates are given for the
induced-draft propeller-type (with the propeller an top of the tower)

and the "underflow" forced-draft cooling tower. Directional estimates for
the "underflow” cooling tower appear reasonable, although there have been
ne field measurements to test thege estimates, They =rs eonsidered more
realistic, however, than the average SPL without any directional correction.
In Table CT-3, "front" designates the surface that contains the ailr intake
(when two surfaces contain air intakes, both surfaces should be treated
as "fronts"), "side" designates the solid surface {next to the "front")}
that has no air intake, and "rear" designates the back surface (opposite
to the "front") if it has no air intake opening (otherwise it would be an-
other "front"), If it is necessary to estimate the SPL at some direction
other than the principal directions, one should feel free to lnterpolate
between the values given for the principal direetions.

The directional correcttons and the calculated average SPL {calculated from
the PHL values and the distance effects) would not hold for very close-in
diatances to the cooling tower or for enclosed spaces that medify the sound
pattern radiated by the tower. Calculations would be reasonably rellable
for distances beyond about twice the largest dimension of the tover. In=-
side that distance, sound levels may differ from vhat the "inverse-square
law" would predict, and some localized noise sources may preduce high local
noise levels that do not propagate to the greater distances. Thua, close~
in levels are not always predictable. In this project, it is aspumed

that cooling towers will be used in outdoor locations. If they are located
inside enclosed mechanical equipment rooms or within courts formed by
several solid walls, the sound patterns will be distorted. In such in-
stances, the PWL of the tower {or appropriate portions of the total PHL)
can be placed in that setting, and the enclosed or partially enclosed
space can be likened to a room having certain estimated amounts of re-
flecting and absorbing surfaces., Because of the limitless number of pogsaible
arrangenents, this is not simply handled in & general way, 50 the problem
of partinlly enclosed cooling towers will not be treated in detail in the
Manual. General guidelines only will be offered,
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9-02, EXAMPLES, It is of interest to check the data of Tables CT-} ;
¥ through CT-3 againgt some actunl measurements. Several comparisons are
3 ﬂ given below. i
- f a. Centrifugal-fan Blow-through Unit with Fans on only one }'
o "Front" Surface, Aasume that the fans are driven by a motor having a i
% ﬂ name-plate rating of 25 HP, According to Table CT-2, the sound power i
. g ' level of this cooling tower would have the following vglues for the nine
& octave bands from 31 Hz to 8000 Hz (given in 4B re 10 watt):
!
é ;] 91 92 92 90 89 87 88 82 75

Then, according to Table U6 of the Power Plent Acoustice Monual, the
- average SPL of this cooling tower at 50-ft distance would be (PWL-32 4B),
£ or
- 59 60 &0 58 5T 55 56 50 h3
: U Table CT-3 now offers approximate corrections to this average SPL in order
to obtain the estimated SPL at varicus directions from the cooling tower. i
The estimated SPLs are as follows: 8
' i D Front i
p 62 63 62 61 61 58 59 5k Ly i
g Sides i
i M 59 60 60 56 s& 51 51 b5 38 i
. 8 bt Rear
ot 59 60 59 56 54 51 51 bl 37 *
. U Top i
; 56 57 58 58 58 5T 59 54 48 b
The measured and published SPLs at 50 £t distance for one of the 25-HP BAC q
D centrifugnl cooling towers are listed as follows for these same directiona: i
, Front R
KRN 62 62 63 60 61 54 57 51 b1 L
A D Sides i
s 58 58 60 56 52 48 46 41 34 v
R Rear
41 58 58 59 55 53 Mg W W 3b
. Top
i o 56 56 58 58 5T 55 56 3l b5 ”
L) b. Centrifugnl-fan Blow=-through Unit with Fons on only one "Front!
Surface, Assume that the fans are driven by a motor having s name-plate of
% 12 10 HP. According to Table C7-2, the PWL values are 3 dB below those used
L ’ immediantely above. Therefore, the SPLs will also be 3 dB below the estimated
" SPLs above:
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Front

59 60 59 58 58 55 56 51 k1
Sides

56 ST 57 53 51 48 48 b2 35
Rear

56 57 56 53 51 43 L8 ] 3L
Taop

53 sh 55 35 33 54 56 51 43

The published data for an earlier 1960-1962 version of a BAC cooling tower
of this type are as follows:

Front

568 58 61 60 58 51 53 50 4o
Sides

st 57 59 54 50 he Lk 42 37
Rear

55 55 5T 33 L9 b5 43 ho 3u
Top

53 53 57 5k 55 23 54 53 48

Published dota for a more recent BAC 1966-1968 version of a similar tower
are as follows:

Front

61 61 61 (o] 58 54 53 50 41
Sides

58 58 61 55 51 48 Le b1 36
Rear

59 59 60 5L 52 48 N 39 35
Taop

55 55 38 58 55 o3 22 b7 Ly

The two different versions of the same size cooling tower are inecluded to
show the applicability of the estimation procedure over at least & small
range of tower variations as produced by one manufacturer. All BAC data
used here were picked at random; no attempt was made to gelect towers to
give the best sgreement with the estimated levels. Admittedly, however,
the entimation data were derived from a large quantity of BAC measurements
in the firast place. We have no Marley date for a similar comparison, but
it is recalled from an eariier job that nolse levels for a particular
Marley centrifugal-fan cooling tower were in very close agreement with the

levels for an equivalent BAC unit.

e, Centrifugal-fan Blow-through Unit with Fans on "Front" and
"Rear" Surfaces (i.e., two "Front" Surfaces). 1n the examples given

above, the fans are located on only one side of the tower. In the
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following example, fang are located in both the front and rear sides of the
tower. In this example, a 120-HP tower is assumed (in this modular arrange-
ment, the fans are driven by six 20-HP motors). From Table (T-2 and Table U
of the Power Plant Acoustics Manual, the average SPLs of this tower at 50-ft
distances are estimated to be:

65 66 66 6h 63 61 62 56 49
The corrected SPLs in the various directions become, using Table CT-3:

Front and Rear
68 69 68 a7 a7 6l 65 60 50

Sides

65 66 66 62 &0 57 57 51 45
Top
62 63 6k &h &l 63 65 60 54

Actual messured SPLs for a 120-HP BAC centrifugal cooling tower are as
follows, for the 50-ft distance;

Front and Rear

67 67 68 65 65 58 61 54 Ly
Sides

61 61 63 59 95 51 50 LY 37

Top
63 63 65 66 65 63 64 59 s2

d. Axial-flow Blow-through Unit with Fans on only one “Front!
Surface. In this example, assume a 15-HP propeller-type fan. Uaing
Tables (-l and CT-3 and Table 46 of the Power Plant Acoustics Manual,
the following SPL estimates are made for a 50-ft distance:

Front

69 h 16 T3 70 65 62 59 5h
Sides

€8 73 T3 65 59 25 52 ko us

Rear
64 69 68 60 57 53 k43 Wl

Top

62 61 67 é2 62 60 57 56 50
Measured levels from a BAC 1966-1968 unit of this size and type are as
follown:

Front
- T2 76 15 12 63 61 55 50

Sides
- T0 72 66 60 51 50 43 L

a3
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for all direetions.

- 66 67 61 57 hg L6 39
- 65 67 6h 63 57 5k 52

e. Induced-draft Propeller-type Units. The examples that follow
are based on actual field prablems, and in ne cases are there detailed SPLs
These examples show the degree of general agreement

between the estimated levels and actusl measured levels.
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(1) 30-HP unit at 325-ft diotance:
Measured SPLs facing front of unit
- 58 53 53 23 hé ks Lo
Estimated SPLs for front of unit
54 59 59 55 53 4o ks k2
Estimated SPL higher than measured SPL by
-— 1 & 2 0 3 a 2

(2) 60-HP unit at LOO-ft distance:
Messured SPLs facing 45° to front
-— 62 58 53 L8 W7 k6 37
Estimated SPLs for 45° to front
sh 59 59 5l 51 hé 43 38
Estimated SPL higher than measured SPL by
- -3 1 1 3 -1 =3 1
{3) Three 10-HP units at 50-ft distance:
Measured SPLs 45° to front
- 73 68 66 63 60 62 60
Estimated SPLs for 45° to front
69 T T4 69 66 62 59 56
Estimated SPL higher than measured SPL by
- 1 6 3 3 2 =3 ~h
{(4) Two 20-HP units on roof deck 40 ft below:

Mensured SPLs at window aill 5 floors shove tower base

3t
L6
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30

54
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(#*Blade passage in thia band)

- 75 76 8om 76 67 60

Estimated SPLa 40 ft above top

78 83 83 18 T 70 67

Estimated SPL higher than measured SPL by

- 8 7 -2 -2 3 7
(5) Two 20-HP units at 5-ft distance:

Maasured SPLs facing froat of unitc

- 89 91 85 81 82 76

Estimated SPLs for freont of unit

50

63

13

68

ho

58

18

63

(Assume 5 ft from front equals approximately 15 ft from geometric
center of total noise. Caution: estimated ¢lose-in SPL values not

expacted to be reliable.}

83 88 88 8L 8z T8 15

Estimated SPL higher than measured SPL by

- -1 ~3 -1 -5 =k -1
{6) Two 25-HP units at 100 ft distance:

Marley data, facing front of units

- 73 69 68 63 58 48

Estimated SPLs for front of unit

6T e T2 68 66 62 29

Estimated SPL higher than Marley SPL by

— -1 3 0 3 4 11
(7) Two 20-HP units at 100 ft distance:

Marley data, facing front of units

- 13 6l 60 55 50 43

Estimated SPLs for front of unit

67 T2 Te &8 66 62 59

Estimated SPL higher than Marley SPL by

— =1 8 8 11 12 16
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(8) Ten 100-~HP industrial units at 200-ft distance:
Measured SPLs, facing front of unit
- 79 73 67 65 62 60 59 56
Estimated SPLs for front of unit
T3 T8 78 Th 72 68 &4 61 55
Estimated SPL higher than measured SPL by
- -l 5 7 T & 4 2 «1
(9} Two 2O-UP units at 200-~IL dislance:
Measured SPLs, orientation unknown (*Blade passage in this band.)
- T2 61 TOR 63 54 46 39 ~
Estimated average SPL, since orientation is unknown
61 66 66 61 58 54 50 L& ho
Estimated SPL higher than measured SPL by
- -6 5 -9 -5 0 b T -—

When taken at random, the above examples do not seem to show impressive
agreement between measured and estimated date. Many of these field in-
stallationas, however, do not provide ideal geometrical conditions for
measuring the true free-{ield radiation from a cooling tower, and the varioua
manufacturers insert their own design variations which influence noise
production and neoise radiation., It is not within the scope of this work

to attempt to explore and justify all these factors, although many of them
have known csuses for not fitting the general pattern. The nolse data of
Table ClT'-l generally enjoys the confidence of many manufacturers and engineers
and these data afford a reasonsble and useful estimate of the noilse output
of the many varied propeller-type cooling towers.

9-03. CLOSE-IN NOISE LEVELS. The noise data given in the preceding dis~
cussion are most useful in estimating the noise levels of cooling towers

as heard at some distance away. Although the sound power level data c¢an

be used to estimate approximately the close-in noise levels, in this study
considerable close-in data have been collected. These close-in nolse levels
are used moatly for determining the type of wall or floor required to
separate the cooling towers from qulet parts of the building, The accompany-
ing Figures CT~2 through CT-8 summarize all the data collected in this study.

Figures CT-2 presents the noise levels measured at 3-ft to 5-ft distances
from the fan discharge of propeller-~type induced-draft cooling towers
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(Type C in FPigure CT»~l) for a range of 15 to 75 HP. Because of the wide
variety of designs (different speeds, diameters, blade desligns, number of
blades, tip speeds, clearances to the shroud, and manufacturers), there is
ne sdmple cbvious relationship between noise and certain noise-influencing
parameters, not even HP rating of the fan. The "Suggested Design Curve"
would appear to give a reascnably safe working SPL for the close-in positions.
The peak at 63 Hz reflects the energy peak at the blade passage frequency
that usually occurs in the 63 or 125 Hz band for the large fan blades (typi-
eally ranglog 6 £t to 20 ft in diameter). The black dots on Figure CT-2
represent one example of an "underflow" tower (Type D on Figure CT-1). Since
there are no other data for this type of tower, the fan intake position of
thip tower ia treated as being somewhat comparable to the fan outlet positicn
of all the other towers shown on Figure CT-2. A noticeable difference is the
abgence of a strong peak at one of the low frequency bands. The triangular
point on this plot represents date from an odd problem that included a strong
pure tone signal from one particular unit. The pure tone frequency was the
third harmonic of the blade passage freguency. An array of stator blades may
have helped cause the unusual signal.

Figure ¢T-3 summarizes the clgose-in noise levels of the air intake to the
propeller-type induced-draft towers. Seven conventional cooling towers,
ranging in size from 3 HP to 60 HP, are shown aleng with the specianl problem
unit from Figure CT-2 and one unit of a group of six 125-HP industrial towers.
The cause of the unusually high noise levels of the 125-HP unit is not known,
but this tower is excluded from consideration as a representative tower for
office building applications. The '"Suggested Design Curve" is drawn along
the upper range of the remalning eight towers., Note that the low frequency
peak is not as pronounced as at the discharge. The two Deaign Curves are
compared in Figure CT-4. These levels are suggested for use in the Manual
when known noise levels are not available from the manufacturer.

Figures CT«5 and CT-6 summarize the collected data for the intake and dis-
charge openings of the axialeflow blow-through cooling towar. Most of the
data are taken from BAC towers, which are mostly made up of small medules
aspembled in various configurations. Because the fans are usually not very
large, it is expected that some larger towers with larger fans would pro-
duce higher nolse levels. Hence, in Figure CT-5 the Suggested Design Curve
igs drawn much higher than the range of BAC data and is given a slight peak at
63 Hz. The nolise levels from the ™anderflow" tower of Figure CT-2 are also
gshown here because +the fan of the "underflow" tower is functionally
similar to the fans of these bhlow-through towers (the principal difference

is in the relative location of the fans).

Figures CT-7 and CT-8 summarize the close-in nolse levels for the intake and
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TABLE CT-1
APPROXIMATE OCTAVE DAND SOUND POWER LEVELS OF PROPELLER-IYPE COOLING TOWER
M a8 ra 1072 warr
PRIGOERCY o BB OB
[+] Q o Q
BAND 8 18 32 ol 128 256
{z) HP HP HP HP HP HP
3l 96 99 102 105 108 111
63 101 104 107 110 113 116
125 101 104 107 110 113 116
250 96 99 102 105 108 11t
500 93 96 99 loz 105 108
1000 89 g2 95 58 101 104
2000 86 89 g2 95 98 101
4ooo 83 86 89 92 95 o8
Booco 78 81 BY B7 90 93
TABLE CT-2

APPROXIMATE CCTAVE BAND SOUND POWER LEVELS OF CENTRIFUGAL~TYPE COOLING TOWER
IH dB re 107%F warp

T

Fggﬁ‘ﬁcf 20 %o %'n’ 23 Eg %gg
BAND 8 16 32 &4 128 266
HZ Hp_ o #F  HP  HP O HP  HP
31 85 88 91 a4 97 100
63 85 89 gz 95 98 101
i 125 @ 89 92 95 0B 101
250 84 87 90 93 96 99
- 500 83 86 B9 92 95 98
I 1000 B1 B4 87 90 93 96
2000 B2 85 88 91 ok 97
v 4000 76 79 B8z 85 BB gl
e 8000 69 12 75 T8 8 8k
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} TABLE CT-3
i q APPROXIMATE CORRECTIONS TO AVERAGE SPLa FOR DIRECTTIONAL EFFECTS OF COOLING TOWERS
l [ Add these declbel corrections to the average SPL calctulated for a given distance
1 :
g -l rom the taower, Do not apply these correctionas for clogse-in positiona, such aB less
than 10 to 20 ft, Also, theae correctiona apply when there are no ruriectmg ar ob- H
é M atructing surfaces that would modify the normal radiation of sound from the tower.) !
i | OCTAVE E
A B BAND (Hz} 31 63 125 250 500 looo 2000 oo0  Booo
-
) For Centrifugal-fan hlow-through type
D E] Front +3 +3 +2 +3 +h +3 +3 +h +h :
B Side 0 0 0 -2 -3 -l -5 -5 -5 ¢
: Rear 0 ) -1 -2 -3 -4 -5 -6 -6 z
o ﬂ Top 3 3 P +2 +3 4 45 :
For Axial=flow blow-through typa j
i Front T I 16 46 +5 +5 515 i
r Side +1 +1 +1 -2 -5 =5 -5 -5 -4 ["
Rear -3 -3 =4 ~7 -7 -7 -8 -1 -B
Top -5 -5 a5 -5 -2 ) 0 2 4 b
[l For Induced-draft propeller-type ,}
b M
Front 0 0 0 +1 +2 +2 +2 +3 +3 :i
8ida -2 -2 -2 =3 i1 -4 -5 -6 -4 ‘ i
Top +3 +3 +3 +3 +2 +2 +2 +1 +1 it

i

For "Underflow” forced-draft propeller-type i
Any side -1 -1 -1 -2 -2 «3 -3 -4 =4 i
Top +2 +2 +2 +3 +3 + h +5 +5 ol

3

TABLE CT-4
ESTIMATED CLOSE-IN SOUND PRESSURE LEVELS FOR THE INTAXE AKD

E3 O3

DISCHARGE OPENTNGS OF VARTOUS GOODLING TOWERS ‘
; L"j OCTAVE FREQUENCY BAND-HZ i
i 31 63 185 250 500 1000 2000 4000  Booo
. F CENTRIFUGAL=-FAN_ BLOW~-THROUGH TYPE ;‘7
A L’] Intake 85 85 65 8 Bl 79 716 73 68 '
3 Discharge B0 80 B0 79 7B 97 76 75 T4 i
| T
_ ; > AXTAL-FLOW BLOW~THROUGH TYPE o
z U Intake gy 00 98 95 91 86 81 76 71
! i:i bischarge 88 B8 a8 86 84 8z 8o 78 76 "
[ .
‘ :‘\I U PROPELLER-FAN TNDUCED DRAFT TYFE
! Intake 97 g8 a7 9l 90 Bs 8o 75 70
- ,g; Mchmrge 102 107 103 o8 93 88 [k} 78 73
.. l )
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-
IRTLY L e

1 ar &

——— ]
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i I 7

INTAKE
INTAKE
€, INDUCED-DRAFT B, FORCED-DRAFT PROPELLER-TYPE
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FIG,CT-1  PRINCIPAL TYPES OF COOLING TOWERS
Lo

]

Ll ] 5= EE = E C!EB sl s e E
= S B U o B X1 Ko i T T e e DLy S 8 TR AT L S P L TRl . 0 ia oo -t

HE -
St ipt
i 2

-
—

= Tl
e

BT &= go AT g mE e



EONV T

T R TSI e

T IR P e T
=

e
—_—
—ed

0 i T o BT Ny AT RS

-

LCTe2  HD
FIG.CT DRi

1o
E &
g 4
2 oo 31_5 4
~
o " suGGESTED
=] " DESIGN CURVE
a LX4 3
o [
t 7 6 [ ]
& g 4 2 1% 5
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2 3% §5 126,
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2 80 57 o1 2\5
b= N
w 1 15wp 7 I 12N
5 2 20HR 3 4 :;. ~
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2 T 4 a3ne 3
z 5 30HP 1
z 6 40HP 2
2 7 T5HP 2
2 801~ A 20 HP (SPECIAL PROBLEME
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o FAN INTAKE, 10 WP
>
E g0 SI!Q [3] 2% 2% 200 [[:5]7) 2000 4000 anop
S OCTAVE BAND CENTER FREQUENCLES IN HE (¢ps)

E LEVELS 3.5 FT FRON FAN DISCHARGE OF PROPELLLR-TYPE INDUCED-
ING TOWERS

SEL
FT CNOLING

w0
g
5 | [ ]
H
o~ 00
§ IF—"’-:-'T\ [
=] T 8 | 7\ |— SUGGESTED
w [ &2 DESIGN CURVE
o E 25 4

1) 25.! )
8 & 524
= a|l €1* se a
g 3 s 6| 51

13
E, 80 1 + 25'|? 54
5 6.
& 1 3np a 2 ~ 6
I 7
] 2 I5HP A
W fop- 3 20nmpP s—g 7
o 4 0HP :
g 5 2o0HpP aF 3 . _1,
§ 6 aonp o
& S8 7 sOHP n 3
z & 20 HP {EPECIAL RROBLEM)
m & |25 HP (INDUSTRIAL)
w
a { |
5 sa L1 (1) 123 ) 800 o0 2000 4000 68000
o OCTAVE BAND CENTEA FREQUENCIES IN HZ 1¢ps)
FIG.CT=3 NOISE LEVELS 35 FT FAOM AR ENTAKE OF PROPELLER-TYPE INDUCED-DRAFT
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discharge openinge of centrifugal-type blow-through cooling towers. The

data are for the most part taken from BAC measurements. The Suggested Design
Curves are drawn several dB above the BAC data to protect somewhat neisier
towers. In the low frequency region, the intake fan positions (Figure CT-T)
are noisier (dwe to the fans}, but at the highest frequency region the splash-
ing of the falling water produces higher noise levels at the discharge opefnw
ing. This effect was alsoc present in Figures (T-5 and CT-6.

The noise levels shown by the design curves of Figures CT-4 through CT-B are
listed in Table CT-4 and are recommended for use in the Manual.

SECTIOR 10. PUMPS

Noise data have been collected and studied for nineteen pumps ranging in size
from 3 HP to approximately 2000 HP. All but the 2000-HP pump were used to
pump hot or cold water in various typical bullding applications. The 2000-HP
pump was used in fuel oil pipeline transmission and was located out~of-doors.
Thia type of pump is not usually located inside occupied buildings but its
noise data are included here to represent a very large size pump, Thirteen
of the nineteen pumps operated in the speed range of 1680 to 1800 REM, four
pumps operated at 3500-3600 RPM, one pump operated at 1180 RPM, and one pump
operated at 450 RFM. All pumps were loaded but not necessarily at full rated
load, The nameplate horsepower of the drive motor or turbine has usually

been used to rate the pump power.

All nocise date have been normalized to the reference distance of 3 £t in an
indoor situation. All known data on these pumps are given in Table P.l,
Because pumps are usually located very close to their drive motors or turbines,
some of the nolse attributed to the pumps may actually be due to the drive
unit, In most cases, however, measurement positions were selacted to favor

the pump noise. The data represent pumps that had both "isolated" and
"unisolated" vibration mountings but it is believed that the airborne sound
radiated by a pump 1s not influenced by its base mounting, at leasst not for
large pumps that would be supported on thick, massive concrete floor slabs.

Pigure P-1 presents the suggested "Design Curves" of noise levels vs pump
size in HP. These curves are based primarily on the 1700-1800 RPM apeed
group, but corrections for other speeds are offered. There are not enough
pumps in the 3600 RPM speed region to justify a correction at this time for
this higher speed. One might assume that the higher speed would shift the
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frequency of the noise upward by one octave, but data from the four examples
here do not show this trend. For lower speeds, the corrections shown on
Figure P-~1 are suggested. Actually, the shortage of the data makes these
somewhat unproven corrections. There were insufficient data on fluid flow
{GPM) and operating pressure {(head in ft or psil) to support any study of
these possible effects on noise.

As with electric motors, pump manufacturers polnt out that sleeve bearings
help produce quieter pumps in the low power sizea. There were not enough
pumps in this study, however, to include an evalustion of this possible
etfect.

The noise levels of Table P-1 are presented individually in Figures P-2 to
P-10 where they are compared with their suggested Design Curves. All pumps
are identified by their code nhumber {see Table P-1) and HP; the speed is
also given if it is not in the 1680-1800 RPM range.

The design curves of Figure P-1 overestimate the noise of most of the pumps;
yet two of these nineteen pumps produce noise levels in single octave bands
{probably impeller blade frequency or & harmonic of impeller blade fre-
quency) that exceed the design curves by 7 and 10 dB, The 10 dB exceedance
is associasted with the 2000 HP pump. Three pumps have octave band levels
that just equal the appropriate design curves in one to four octave bands,
and three pumps come up to within 1 dB of their design curves in one or two
cctave bands., Four pumps come up to within 3 or b dB of their deaign curves.

On the basis of this sampling, the design curves would represent approximately
the 80 to 90 percentile noise curves. In.the 125~-1000 Hz bands, the 75
percentile curve would be about 3 to 6 aB below the design curves and the

50 percentile curve would be about 6 to 10 dB below the design curves.

It is cautioned, however, based on the data, that occasional pumps may ex-
ceed the design curves by large amounts, i.e., 5 to 10 4B,

Heltner offers in his papsr & formula for estimating overall pump noise at
a 3«ft distance:

SPL = TL + 10 log HP {1 - E/2)

where HP is hydraulic horsepower and E is pump efficlency. For a pump
efficlency of 60% (a reasonably good efficiency for overall operation)
and sgsuming hydraulie horsepower is very nearly the same as the horge-
povwer of the drive unit, the Heitner estimate has been made and is shown
on each figure for the largest pump in each grouping. Heitner makes no
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MEASURED SOQUND PRESSURE LEVELS OF

I3

TABLE P-1

PUMP3 NORMALIZED TO 3-FT DISTANCE

(A1l centritugal pumps pumping fluid;
may lnclude some motor noise,

*indicates assumed valuas)

APPROX. APPROX. FLOW  HEAD
CODE  PATED HP RPM _OPM  _FT.
P-1 7.5 1750%
P-2 10 1750% 175 220
P-3 25 1750
P-4 30 1750
P-5 4o 1750 600 220
P-5 So# 1750+
P7 75 1750%
P-8 75 1750
P-9 Bo 1700 1500
P-10 100 1770
Pall 150 1775 4500
B-12 250 1750
P-13  2000% 1790
P14 hoo 450 24,000
P=15 200% 1180 5100
P-16 3 3500 90 41
P-17 15 3520
P«18 500% 3600% 14,000%
P=19 Boo* 3600% 21,000%

=
~3

MANUFACTIJRER

Synchroflo
Taco
Wilaon Snyder

Well
Weil
Hi=Temp

Worthington
Allia-Chalmers
Bingham

De Layal
Ingersell=Rand
Allig-Chelmers
Vorthington
De Iayanl

be laval

B3
79
76
72
18
81
BY
87
77
75
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76
76
T

OCTAVE BAND CENTER
3163 125 250 1

76
59
71
8o
T0
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g2
85
88
84
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84
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76
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Bé
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81
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B5
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75
90
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500
62 66
65 68
69 63
79 B2
95 8o
84 8
85 51
83 83
81 B4
86 85
84 B4
85 8o
83 99
84 83
85 B85
64 &
76 79
81 82
81 82
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84
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a1
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2000 4000
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76 67
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FUNCTION OF POWER AND SPEED

(Note:

TABLE P-2

ESTIMATED SOUND PRESSURE LEVELS OF
PUMPS (AT 3-FT DISTANCE INDOORS) AS A

Nolse levels may include some
nolse from drive motors or turbines)

PUMP RATED OCTAVE BAND CENTER FREQUENCY - HZ
SPEED HP 31 63 125 250 500 1000 2000 4000 8000
A Under 12 77 77 80 82 82 80 77 T4 69
% 12-24 50 80 83 85 85 83 80 7 72
o 25-49 B3 83 B6 88 88 86 83 0 7
3 50~99 86 8 B89 9L 91 8 8 83 7
™ 100-159 89 B9 92 94 94 g3 89 86 1
& 200-400 92 92 ©5 97 97 95 92 89 84
g Over 400 95 95 98 100 100 98 95 92 87
—

Under 12 72 72 75 77 77 75 72 69 64
3 12-2l} 7w 75 78 80 8 78 75 712 67

25-49 g 78 81 83 83 81 78 75 70
A 50-99 1 81 84 8 8 84 81 8 73
) 100-159 84 84 87 8z 89 By 84 1 76
) 200400 87 87 90 62 92 90 87 84 9
§ Over 400 90 90 93 05 95 Q3 a0 87 2
= Under 12 70 70 73 75 175 73 70 67 62
B 12-2} 73 73 76 78 78 76 73 70 65

25.49 76 76 79 81 179 76 73 68
N 50-99 79 79 82 84 84 B2 79 76 71
D 100-199 B2 82 B85 87 87 85 82 79 T4
o 200-400 85 85 88 90 90 88 85 82 77
5 Over hOO 88 88 91 93 93 91 88 85 80
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DESIGN CURVES APPLY DIRECTLY

FOR PUMP SPEED OF 1600-~-3600 RPM
FOR PUMP SPEED OF 900-1599 RPM

DEDUCT § dB FROM DESIGN CURVE

FOR PUMP SPEED OF 450-899 RPM

DEDUCT 7 dB FROM DESIGN CURVE
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FIG.P-1 PUMP NOISE LEVELS AT 3-ft DISTANCE
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FIG,P-10 PUMP NGISE LEVELS AT 2-rt DISTANCE
{Destgn curve F compared with noise data for pumps in 200-400 HP
and 450-899 RPM range)
vrovision for speed differences. Because both the Helitner estimate and the
suggested Degign Curves follow a 10 log HP relationship, the Heitner curves
and the Design Curves bear the same relationship to one another for pumps
of 12 - LOO HP and for speeds of 1600 - 3600 RPM. Within this power and
speed range, the curyes mre k4 dB apart at thelr point of closest approach
in the 2000 Hz band, Outside this power and speed range, the curves may
move differently with respect to each other. The Heltner estimate assumes
no noise change for differences in pump speed. The noise dats show a Speed
eftect for lower speeds, hence the Design Curves in Figures P-9 and P-10 drop
below the Heitner estimate by s few decibles in one octave band.

The Heitner method does not appear to recoghize the low frequency nolse
radiated by a pump. Almost all the pumps measured have low frequency noise
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levels considerably higher than the Heitner estimate would predict. Admit-
tedly, some (but not all) of the measured low freguency noise may be con-
tributed by other sources in the pump rooms.

In summary, the Heitper estimatesg are useful for comparison purpeoses, but
it is believed the proposed Design Curves provide more realistic noise
egtimates. Thus, the Deesign Curves are suggested for use in the Manual,
and the noise levels from those curves are reproduced in tabular form in
Table P-2.

SECTION 1l. AIR COMPRESSORS

Two types of air compressors are frequently used in buildings: one is a
relatively small compressor {usually only 1 or 2 HP} used to provide a high
pressure air supply for operating the controls of the ventilation system,
and the other i o medium size compressor {possibly up to 100 HF) used to
provide "shop air" to maintenance shops, machine shops or some laboratory
spaces, or to provide ventilation system control pressure for large huild-
ings, Larger compressors are used for special industrial processes or
specinl facilities, but these are not considered within the scope of this

Study.
The noise of four small and five medium-size air compressors have been

measured or collected for this project. The noise levels of four recipre-
cating compressors in the 1-2 HP size range are summarized in Figure AC-2,

while the noise levels of two centrifugal and three reciprocating compressors

in the 10-~T5 HP size range are given in Figure AC-3,

The small sample-number of compressors does not Justify any detailed data
atudy. It is seen that the noise levels range widely for the relatively
small size differences for some of the units. It is considered adequate
to draw noisce design curves that form envelopes over the top of the various

COmpreasor curves.
are two of the noise design curves arrived at in this mamner. The suggested

family of three design curves for alr compressor noise is shown in Figure
AC=1l. These noise levels are listed in Table AC~l.,and are proposed for use

in the Manual.

The one- and two-cyelinder low-speed reciprocating compressors are capable
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of producing considerable vibration in a building if they are not properly
vibration i{solated. Proven vibration jsolation mountings will be described

in the Manual.

SECTION 12. ELECTRIC MOTORS

A large supply of nolise dats (Oh entries) for elactric motors has been accu-
mulated for this study. Surveys of recent BBN jJobs and earlier BBN literature
have produced noise levels for 26 motors, and materisl supplied by motor and
pump manufacturers have provided noise data for at least 32 motors, In addi-
tion, & table of motor nolase levels given in the IEEE Publication No. B5#%
lista probable maximum octave band sound power levels for a range of slzes
from 1 to 150 HP for 1800 and 3600 RPM speed and for both "drip-proof” and
"totally-enclosed fan-cooled” configurations. In his paper, Heitner also
lists "a condensation of one manufacturer's noise levels". An article*#

on "Electric-Motor Noise" gives n general but helpful discussion of sources
of motor noise and a description of the nolse-influencing differences he~
tween various types of motors,

Because of the difficulties in applying full load conditions te large motors,
most published nolse data on motors are for no-load operation, Also, bee
cause much of the higher frequency noise of a motor ie associated with the
movement of air within the motor, this higher frequency noise does not change
sppreciably with load and probably represents full-load as well ag no-load
operation. The no=leoad test conditions, however, probably do not reflect
asdequately the noise of a loaded a~c motor at 60 and 120 Hz and at the
harmonice of these basic drive frequencies. Bearing noise also may vary

with applied loads, especlally for different connections of the motor to

its load (i.e., vhether directly shaft-coupled or whether connected by belt~

drive to a radially offset load),

* "Tegt Procedure for Airborne Noise Measurements on Rotating Electric
Machinery", February 1965. This table of noise data is repeated in the NEMA
Publlcation MG1~1967 on Motors and Generators. S.F. Henderson of Westinghouse
advises that both these documents are under review, but for the present he
recommends "'use of the values given in the NEMA publication for they do re=-
present the composite of data from a number of companiesn."

#¢ YEilactric-Motor Noise", Jon Campbell (Assistant Editor) Machine Design,

Avwguat 15, 1963,
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Motor noise is made up of magnetic noise (most pronounced at twice the line
frequency and at the rotor slot frequency), shaft unbalance noise, bearing
noise, brush noise and windage {including ventilation) noise, Various
mixtures of these noises occur in the three main types of motors: d-¢
motors, a-¢ synchronous motors and a-¢ induction motore (the latter divided
into wound-rotor and squirrel-cage motors). ¥For their low cost and rugged
construction, squirrel.cege induction motors are widely used in most indus-
trial applications,

Squirrel-cage motors generally are cooled by one of three types of ventila-
tion, There three types are ldentified as (1) "drip-proof" {or "splash-
proof" or "weather protected"), (2) "totmlly-enclosed fan-cooled" (TEFC),
and {3} "totally-enclosed non-ventilated" (TENV). All three types usually
contain internal fan blades in conjunction with the rotor, for circulating
air around inside the motor components, In the "drip-proof" model, this
circulating air is vented to the outside through openings that provide
veather protection to the motor. In the TEFC model, an external fan is
mounted on the rotor shaft within a protective fan housing at the end of
the motor and this fan helps dissipate motor heat. The fan noise and air
flow noise are generally quite high for this type moter. In the TENV model,
heat is conducted from the interior to the exterior motor surfaces and
radiated or cooled by natural convection,

Sleeve bearings are generally quieter than ball bearings, but sleeve bearings
are usually limited to motors of the lower power range, due to lubrication
limitations. For guiet operation, motoras of low power requirements may he
specified to have sleeve bearings.

The attached Tables M-l to M~5 summarize all data on motors collected under
this project. ALl sound pressure levels have been adjusted to a distance

of 3 £t for an indoor location. The data identified by "IEEE" in the tables
were taken from the IBEE Publication No. 85 (see earlier footnote) which,
actuslly listed sound power levels in the "old octave bands" (1.512 T5=150,
150-300, 300-600 Hz, ete.). The sound power levels (in dB re 10 watt)
were converted to indoor SPLs at 3-ft distance by subtracting T dB (this
would apply for & room having a room constant R = 500 aq ft, as may be geen
from Figure 11 in "Power Plant Acoustics"). Throughout this study, the "old"
and the "new" octave bands have been treated as interchangeable without any
modification of sound levels., Table M-l lists the data for "drip-proof"

or "weather protected" motors in the 3500-3600 rpm range, vhile Table M-2
gives the data for TEFC motors ("totelly enclosed fan-cooled") in the 3500-
3600 rpm range. Tables M-3 and M-4 list data for drip~proof and TEFC motors
in the 1700-1800 rpm range, and Table M5 gives datn for 10 motors in the
1200, Y00, 600 and 450 rpm groups, In many field measurements, the type of
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motor or its type of ventilation was not identified. In the mccompanying
Tables M-l to M-h, motors thnt were identified or used as "ourdoor" motors
were placed under the group "drip-preof” (or "weather protected"), while

those measured and used entirely indoors were placed under the TEFC group.

We especially appreciate the use of data supplied by TACO Inc. (pump manu-
facturer) and Wagner Electric Company on several series of motors manufactured
by Wagner for use with TACO* pumps, and we wish to thank Allis-Chalmers for a
set of nolse data on a 1250-HP motor that may be connected and run at speeds
of 900, 1200, 1800 and 3600 rpm, For all motors measured by BEN in field
installations, the motors are assumed to be at or near [uli-power operation,
and there is the possibility that some of the quoted noise may be atiributable
to other noise sources in the area, although the positions are selected to
favor motor noise alone.

The enclosed Figure M-1 summarizes the suggested "Design Curves" for motor
noise as a function of rated HP and speed of the motor., Based on the
quantity of data included in this study, it would appear that the curves

of Figure M-1 will "protect" about 855 to 95% of the motors to be encountered,
agguming the date represent a fair sampling of motors. The remaining 5% to
10% may range 0 to 10 dB noisier in some octave bands then the Pesign Curves.
The T5 percentile noise curve falls about 6 dB below the Design Curve; and

by proper selection, some motors may range 20 to 30 dB below the Design

Curves.

Although one might expect motor noise to increase at the rate of
10 log HP,

it appears from the dats that unexpected amounts of noise can appear in al-
most any band and that it might be due to any one of the possible causes of
motor nolse. This mixture of hoise makes it difficult to draw a "tight"
design curve over the data or to expect the 10 log HP relationship to hold
consistently. HNo attempt has been made to separate motors into various types
or to separate the effects of drip-preof’, TEFC, or TENC configurationa.

Figures M-2 to M«15 present vinual comparisons beiween various Design Curves
and the measured noise data appropriate to those curves. As an example,
Figure M-5 illustrates a comparision of data for motors in the speed range
of 3500-3600 rpm and in the power range of 50-99 HP. Where appropriste, the

¥ “Becmupe of their use in apartments, hotels, hogpitals and other critiecal

locations, the Wagner motors nre given specinl concern for quietness by both
Wagner and TACO. This is illustrated by the fact that the Wagner motors are
much quieter than the IFEE and Heitner values for motors of the same power.
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IEEE and Heitner values are shown along with the values specifically measured
or obtained for this study. It is seen in Filgure M-5 that Design Curve D is
constructed near the higher IEEE values in the upper frequency regloen. Re~
call that the IEEE values are the probable maximum noise levels {at no-load}
for the motors of several manufacturers, so it is to be expected that few of
the motors measured in this study will exceed the noilse levels of the IEEE
values in the high frequency region. In the lower frequency bands (where
megnetic noise and dynamic unbalance cap influence the dsta), it is reason-
able to expect many of the measured motors at full load to exceed the noise
of the no-load IEEE and Heitner data. At least this appears to be borne out
by the data. Figures M-2 to M-T precent data comparisons for molors in the
speed group of 3500~3600 rpm. Figure M«T suggests that the SPL of motors does
not increase after motor power reaches about 200 HP; this may be due to the
massive construction of the large motors and to the more circuitous {and
poasibly sound attenuating) path of the air flow through the interior of these
motors, Figure M=-7 includes noise data for motors covering a power range of
200-4000 HP, yet Curve F is only 3 dB above Curve E (of Figure M-6). Because
of the apparent interplay of speed and power, It is not fair to judge each
individual Design Curve solely by its own degree of agreement with specific
bits of measured data, Rather, the entire family of Design Curves must be
appraised in terms of its overall ability to cover adequately the full range

of speed and power values.

Figures M-8 to M-13 present data comparisons for 1000-1800 RFM motors over the
power range of this study. As seen in Figure M-1l, a noise reduction of J dB
is suggested for this speed range relative to the 3500~3600 rpm apeed range.
Most of the dats in this speed group are for motors in the 1700-1800 RPM
range, but the group vas expanded to include five motors at or near 1200 RPM,
since their nolse seemed to fall into general agreement with the noise of the

1700-1800 RPM motors.

Figures M-1lk and M=15 complete the sequence of visual comparisons; Flgure
M-14 presents data for two 200-HP motors in the 450-900 RPM speed group
and Figure M-15 presents data for three larger motors in this same speed
group. As shown in Figure M-l, s noise reduction of 9 4B is suggested for
the speed range of 450-900 RPM, relative to the 3500-3600 RPM group.

It is believed that the purpose of this study is to develop noise estimating
procedures and nolse control designs that will cover a large percentage of
possible noise sources, but it would not seem economically practicsl to
require that noise contrel be designed to protect against all the neisiest
sources that could exist, On this basis, the Design Curves shown in Figures
M=2 to M-15 do not envelope the noisiest of the motors. For all date glven,
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TABLE M-1

SOUND PRESSURE LEVELS OF ELECTRIC MOTORS AT 3-FT DISTANCE (INDOORS)
DRIP-PROCF 3500-3600 RPM

APPROX, MFGR OR OCTAVE BAND CENTER FREQUENCY -~ HZ

CODE RATED HP DATA SCURCE 31 63 125 250 500 1000 2000 4000 8000
M-1 1-3 IEEE - 50 58 59 58 55 52 kg
M-2 BT} IEEE - 57 63 66 B4 0 57 sk
M-3  10-15 IEEE - 63 70 T2 70 66 63 59
M-I  20-25 IEEE - 69 75 76 T4 70 67 62
M=5  30-40 IEEE - ™ 79 82 79 74 71 65
M-€  B0O-80 TEEE 78 B2 B¢ 83 78 7h £8

M-g 75 ~100 IEEE
M- 125~150 IEEE
M-9 300-500 Heltner
M-10 600-1500 Heitner
M-11 17R0-2500 Heditner
M-12 3000-4000 Heitner

LI S A R I T S R N T B I

M-13 30 # GE * 6 4 79 2 88 84 1 68
M-14 50 # GE * - 9 9 97 9 8 89 5 75
M-15 75 # GE * - 73 85 92 87 8 80 69 68
M-16 100 # GE * - B7 93 g8 105 102 g6 86 9
M-17 125 # Continental * - 90 8B 100 99 65 ok 91 2
M-18 150 # GE * - 8 g2 95 g8 g9 g7 89 8e
M~19 250 # GE * - 7 49 3 94 97 97 92 84
M-20 300 # GE * - 90 97 103 98 99 ) Qo 85
M-21 600 GE - = 91 98 95 g1 8 B2 69
M-22 1250 Allis~Chalmers - 83 91 g0 Bl 73 78 79 62
M-23 1500 Westinghouse * 91 gif 9l 0 88 8 4 84 73
M-2L 2500 Westinghouse - 78 93 3 86 B8 2 77 72

# At or near full load {all other motors assumed unloaded).
* BBN-measured in field condition.

[ illi hlll lﬂ!i IIIH ill! hlll hlﬁ owmi e i-md h-d el mmn b i feend e un-d

oy o e b e el b S DR e T e el G L et e 1407 w4 et e e

B e X o sk NS YR VRS PRV E PV




TABLE M-2
SOUND PRESSURE LEVELS OF ELECTRIC MOTORS AT 3-FT DISTANCE (INDOORS)
TEFC 3500-3600 REM
APPROX. MFGR OR OCTAVE BAND CENTER FREQUENCY - HZ

CODE RATED HP DATA SOURCE 31 53 125 250 500 1000 2000 4000 8000
M-25 1.3 IEEE - - 57 65 ?h 77 76 69 61
M-26 5-7% IEEE - - 61 69 78 80 78 71 64
M-27 10=15 IEEE - - 65 73 8 85 83 6 69
M-28 20 IEER - - 69 77 8 89 87 1 T4
M-29 25230 IEER - - 73 81 92 93 91 85 8
M=-30 40-50 IEER - - 76 84 of 95 ol 88 1
M-31 60 IEEE - - 9 87 97 97 97 91 83
M-32 75-100 IEEE -~ - 1 89 § 89 99 9 85
M-3a 20-50 Heitner - 12 72 75 8 6 82 7 70
M-34 60-100 Heitner - gg 8 83 88 90 87 82 T4
M-35 185-250 Heitner - 2 1 87 3 3 a0 86 76
M-36 1 Wagner - B3 46 3 4 7 B 1 0
M-37 800 # De Laval * 84 92 92 94 go g2 8 b 0
# At or near full load (all oth.er motors assumed unloaded).

* BBN-megsured in field condition.
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TABLE M-3
SOUND PRESSURE LEVELS OF ELECTRIC MOTORS AT 3-FT DISTANCE (INDOORS)
DRIP-PROOF 1700-1800 RPM
APPROX. MFGR OR OCTAVE BAND CENTER I'REQUENCY -~ }Z

63 125 250 500 1000 2000 4000 8000

L
[

CODE RATED HP DATA SOURCE

Ly 48 48 5o 51 52 44

M-38 1.2 IEEE - -
M-39 3-5 IEEE . - Ly s4h 54 55 56 54 46
M-40 7i-10 IEEE - - 56 60 60 6O 61 57 49
M-41 15-20 IEEE - - 62 65 65 65 65 60 52
M-42 25-30 IEEE - - 67 69 69 69 69 &4 56
M-43 L0-50 IERE - - 71 72 72 72 72 67 59
M=l 60~75 IREE - - 73 75 7% 75 75 70 62

t
~)
I=
-q
_._q
-.q
-\]
_.q
—Q
"Q
'\]
_q
o
o)
=

M-45 100-125 IEEE

M=46 300-500 Heitner
M-47 600-1500 Heitner
M=-i8 1750-2500 Heitner
M-49 3000-400C Heitner

Bob 83 8 75 70 66 62 59
83 84 8; B8k 8s 88 77 T
86 89 85 84 B 90 87 77
91 93 89 87 89 94 g0 82

(e« 3N N TS TN S I I
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o
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-3
w
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M-50 40 # Westinghouse * 84 87 88 86 84 96 86 76
M-51 75 # Westinghouse * 79 79 87 82 81 78 71 &6
M«52 1250 # Allis-Chalmers¥

M~53 2500 # Iouis Allis * o B84 85 82 26 83 a0 81 73
M-54 L4000 G.E. - ot 95 092 g2 100 g9 80

# At or near full load {all other motors assumed unloaded).
* BDBN~-measured in field condition,
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TABLE M-4
HOUND PRESSURE LEVELS OF ELECTRIC MOTORS AT 3-FT DISTANCE (INDCORS)
TEFC 1700-1800 RpM
APPROX MFGR OR OCTAVE BAND CENTER FREQUENCY -~ HZ
CODE RATED HP  DATA SOURCE 31 63 125 250 500 1000 2000 4000 8000
M-55 1.2 IEEE - - W3 B85 G2 62 58 53 4e
Mm3G  3-5 IZER - ~ 55 & & & 85 B0 g1
M=57 Th=10 IEEER - - 6L B9 75 75 71 6l 57
M=-58 15-20 IEEER - - 65 73 80 Ho 76 67 [}
M-59 25-30 IEEE - - 7o 78 8h &b 80 71 64
M-60 N0-50 1EEE - - T 81 87 87 83 74 67
M-61 60 IEER - . 7% B2 Bg B9 a5 77 70
M-62 75-100 IEEER - - T Bh 91 g 87 7 72
M-63 20-50 Heltner - 67 63 TO 75 76 70 6 58
M=-64 60-100 Heitner - T2 69 76 79 81 7 70 1)
M-85 185-250 Heitner - T 7179 6 85 0 75 70
M~66 10 *% Vagnher - 63 ?3 52 49 ha Al 37 30
M=-67 10 Vagner - 5 | 52 56 U6 48 39 30
M~68 10 {4 Wagner - 63 54 B2 hg hE L2 37 30
N-69 15 Wagher - 6B B BE6E 5 55 6l hs 36
M-70 15 #HF Wagner - 59  H2 59 5 50 48 W 37
M-71 20 ** Wagher - 06 B3 B9 wE B2 49 Il 3
M-72 20 Wagner - 2 B4 BB G0 B 53 45 B
M-73 20 44 Wagner - B4 B9 B0 B? B2 %) I 0
H-74 25 Wagner - 65 L 57 59 53 52 b7 39
M=75 25 Wagner - 67 60O 60 29 53 52 I 3
M-76 25 Wagner - 68 8% &5 3 58 57 I 3
M-77 25 G.E, - &4 89 GO 62 B0 59 2 6
M-78 30 ** Wagner - 65 B9 6l Bl 53 50 n7 fs)
M=T9 KO *» Vegner - 68 63 62 68 &7 55 50 by
M-80 50 #a - % - " Y3 TH 73 ar G 58 5l
M-81 50 {#n - * - s T L &9 65 ol 60
M-82 60 #x Wagher - '[1 73 6?3 Th 6h 61 56 50
M-83 100 # . - o 82 48 L6 By 85 B2 78
M-84 150 4 - % 81 &3 8y 5 89 Bs 81 79 69
#f Belleved loaded {all other motors assumed unloaded),
O & Dstimated, nat known **\verapge of 3 motors.
* BBN-measured ln field conditlon #filew desipn relative to

unlt in line above.
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. TABLE M-5
SOUND PRESSURE LEVELS OF ELECTRIC MOTORS AT 3-FT DISTANCE (INDOORS)
APPROY, MFGR OR OCTAVE BAND CENTER FREQUENCY - HZ
CODE RATED HP RPM DATA SOURCE 31 63 185 250 500 1000 2000 Uooo Booo
M-85 250 # 1180 G.E. ¥ 78 8 Br 8y 91 g0 84 77 73
7T 79 85 Bl 84 93 &8 76

M-85 1250 1200 Allls-Chalmers -
M~87 1250 1200 ——— - B2 Bs 8y 86 B6 93 84 77
M-B 1500 # 1190 G.E. * 80 8 92 86 78 86 8l 7 69
M-89 4000 # 1200 G.E. * 80 0 88 88 o4 96 9 83
2] 6 84 9 78 77 69 &

H-90 1250 500 Allis-Chalmers -

M-91 200 # "600 Fairbands-Morse * 79 78 B0 3 89 4 Th &
M-02 200 # 600 Pnlrbanks-Morse * 81 83 75 77 83 g6 2 71 61
M-93 250 # 600 Falrbanks-Morse * - - 5 6 84 97 80 66 -
M=-94  HJOO # 450 Weatinghouse * TG 83 5 2 83 or 81 7T 75

# At or near full load {(all other motors asgumed unloaded)}.
* BBN~measured In field condition.
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TABLE M-6
ESTTIMATED SOUND PRESSURE LEVELS OF ELECTRIC MOTORS
(AT 3-FT DISTANCE INDOORS)
FOR VARIOUS SPEEDS AND POWERS

MOTOR OCTAVE BAND CENTER FREQUENCY - HZ
RPM_ RATED HP 31 63 125 250 500 1000 2000 4000 8000

UNDER 12 73 74 78 82 83 83 82 76 69

o

. 1221 8 79 83 87 88 88 87 81 74
M 25-49 3 84 88 92 93 93 g2 86 79
S 50-99 87 88 92 96 97 97 g6 a0 83
5 100-200 90 91 95 99 100 100 99 93 86
m OVER 200 93 94 9B 12102 103 103 102 96 89
o UNDER 12 68 6 73 77 18 78 77 71 6l
2 l2-24 737 78 82 83 83 82 6 6

¥ 25-49 78 79 83 87 88 &8 87 1 7

o 50-99 Ba 83 87 91 92 92 91 85 8
g 100-200 85 86 90 94 95 95 94 88 1
P OVER 2_90 88 89 93 gy 98 o8 97 9L 8l
o UNDER 12 64 65 69 73 74 74 73 67 60
o) l2-24 69 70 TH T8 79 72 78 72 65
25-49 74 75 79 83 84 8 83 77 70
Q  50-99 78 79 83 87 88 88 87 81 74
= 100-200 81 82 86 90 91 91 90 84 7

OVER 200 84 85 89 93 94 94 93 87 o]
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there are thirteen entries that show greater neise levels than their appro-
priate Deasign Curves would prediet. Four of these nine entries exceed the
Design Curves by 1, 2 or 3 dB, and these four entries represent IEEE values,
which are quoted ap probable maximum levels for the motora of several manu-
facturers., Thus, they represent possibly some of the noisiest motors pro-
duced within the indusgtry. Of the remaining nine entries of the thirteen
exceedances, one is a 3000-4000 HP motor included in Heitner's collection
and listed here in the "over 200 HP" group and the other eight are motors
measured or collected for this study. The two highest exceedances are 8 and
9 dB in one octave band each, the next two highest are 5 dB each in one
oclauve bund, and tlie four other excecdahees ore in the range of 1 to 3 dB in
one or more octave bands. In view of this distribution {and the possible bnt
unknown influences of other room noise and of no-lond vs loaded operation),
the Design Curves of Figure M-1 are suggested for this project and are be=-
lieved to provide realistic estimates Of nolse for a high proportion {posaibly
85~95%) of moturs that might be used. Bince there seems to be no lack of
motors that make less noise than the Design Curves would predict, it would
even be posaible to specify that a motor for any particular location not
excead the SPL values suggested by the appropriate Design Curve.

No concern has been given here for a more detailed study of motors under
12 HP, as they generally will be quieter than most other equipment in a

mechanical apace.

The noise level values of Figure M-l are proposed for use in the Manual and
are summarized in tabular form in Table M-6.

The SPL data derived here are considered to be applicable also to electric
motor-generator sets.

SECTION 13. STEAM TURBINES

Noige datn for eight steam turbines have been collected under this study,

An attempt has been made to separnte the noise of the turbine from the nolse
of the pump, compressor, gear or generator driven by the turbine, but, as in
any complex assembly of components, it is possible that in some octave bands
the quoted noise levels for the turbines are influenced by other nearby
attached equipment. Noise levels were originally measured at distances aa
close as 1 to 5 ft for seven of the turbines or as far as 30 £t for the caae
of one of the turbines located in a large room, All sound pressure levela
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{r'-,! have been extrapolated to the "standardized 3-ft distance." The extrapolated

o noige levels and the known data of the turbines are summarized in Table S-1.

f"] Details of the various attempts to correlate noise with the known performance
! fud variables are not repeated here. With the limited number of turbines, there
' appears to be no strong correlation of socund pressure level with power rating
! — of the turbine, although one might generally expect nolse levels to grow as

{J a function of 10 log HP. Also, from the measured dats, there is no clear
tendency for nolge to peak in a predictable high frequency band, although
some tendency in this direction might be found if the number of hlades on

—
} : various turbine wheels were known. Available time on this Job would not
- permit an in-depth probing of such details. There is undeniable evidence,
however, that the low frequency nolse levels (obviously below turbine blade
Bl passage frequencies) sometimes exceed the higher frequency noise levels.

Becsuse of the small number of turbines in the study, it 1s suggested that
= the noise prediction scheme be tallored to cover the upper limit of the noise
d of all the turbines given here, This may overestimate the nolse of some
P‘

e T N

turbines, but it will also underestimate the nolse of any turbine that is
actually noisier in any frequency band than the nolslest of the eight tur-
bines mtudied. Figure S~l gives the suggested noise level "Design Curves"

ks for the range of power covered by the eight turbines., To check these curves,
the measured noise levels of the eight turbines are compared with the Design
I"T Curves on the basis of turbine power, in the following Figures 3-2 to 8-k,
I Note that the curves of Figure S-l1 are separated by 2-5 4B intervals, while
representing differences in turbine power of a factor of three, In Flgures
5«2 to Se4 each Design Curve represents a nolse level equal to or higher than
D the noise levels of all turbines in that particular power range.
The Heitner paper, mentioned earlier, offers a prediction scheme for turbine

3

nolse, The overall SPL at a 3-ft distance is estimated by elther of two
relationships
SPL = 58 + 10 log HP or

SPL = 82 + 10 log G,

where G is the steam flow in lb/sec. The peak of the spectrum is set in

the 1200-2400 Hz band (now the 2000 Hz band) for turbine speeds under 9000
RPM, snd in that band the SPL is taken to be I 4B below the overall. Either
gide of the peak, the SPL drops off at the rate of 3 dB per octave. The
Heitner method makea no provision for low frequency noise from the turbing.
In the current study, steam flow 1s not known, so only the relationship
involving HP ean be tested. In Figures 52 to 8-4, estimates based on the

Heitner method are included.
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TABLE 5-1
SOUND PRESSURE LEVELS OF EIGHT STEAM TURBINES
NORMALIZED TQ 3-FT DISTANCE

g

RATED APPROX OCTAVE BAND CENTER FREQUENCY - HZ
CODE _HPp REM_~ MANUFACTURER 31 63 125 250 500 1000 2000 4000 8000
S=1 500 -~ De Laval 75 80 81 75 85 84 81 78 73
-2 600 5000 C.E, - 79 87 8 83 78 Bk 79 70
8-3 8oo -- De Laval 78 90 94 82 Bs5 84 79 74 70
8-4 1200 -~ Murray 88 83 83 8 8 81 87 78 73
5-5 6000 - - 88 95 B8 92 88 85 81 76 77

8-6 10000 3600 Westinghouse 87 92 9o 87 84 B84 82 87 8o
8-7 10000 3600 Westinghouse 8% 82 83 83 80 83 78 83 83
s-8 11000 3600 Westinghouse - 83 82 78 B0 90 80 77 78

TABLE S-2
ESTIMATED SOUND PRESSURE LEVELS OF
STEAM TURBINES (AT 3-FT DISTANCE)
AS A FUNCTION OF POWER RATING
OF THE STEAM TURBINE

OCTAVE BAND CENTER FREQUENCY - HZ
RATED HP RATED XKW 31 63 125 250 500 1000 2000 4000 8000
500~1500 333-1000 B8 93 95 g1 87 87 88 85 8o
1501-5000 1001-3333 90 95 97 93 89 90 92 89 85
5001-15000 3334-10000 92 97 99 95 91 93 96 93 90

I aN =R . II!I illl o e Illn ilni ﬁ!I iﬂli il!i iﬂlﬂ u-i E-ni ﬁn-i -ud iovanad
mfmmﬁmuﬁwﬂhﬂ{mw LR R ¢ it A e L e b b0 St E e

SRR R RO cern SIS PSR



: ; :

(W |

2t AT T MBI

3

f-

2

3 15 3

-

=

£

—3

|

P T I P R I D g

e

e e i e b b a7 1

e 110
o
n
2
L
E
. o0
8 ﬁ\
'E' 80}——8 / \_\_\ \_“ ¢ —
[} A / \
s \
z B
o
& 8o A —
-
w
g
in
d 1
E DESI1GH HP RANGE KW RANGE
g CURVE
? e A 500~ 1500 333- 1000 _|
g B 1501~ 3000 1001+ 3333
a c 4001 - 15,000 3334- 10,000
¥
. ] ] ] | | |
i K ] 23T 280 000 0G0 2000 4000 BGOO
o OCTAVE BAND CENTER FREQUENCIES 1% Hz {cps}

F16G.5-)  STEAM TURBINE HOISE LEVELS AT 3<FT DISTANGE

(Suggestod Design Curyes for Yarious Power Ranges)
& 10
1
@
£
C
H
~ 100
(=3
f=}
o
a
dad
[ U
m p—
k-]
z
-

| o A
£ w V4 Rl
=1 ~p7
W
5
0n
W
: o
o ———— LT 200 HP
g —— §e2 500 HP
2 w0 ———— 5.3 8OO HP |
g eretaenr §eg 1200 HP
z [- - -] HEITNER 1500 HP
=
a ) | | L 1 |
5 (- 125 250 5001060 2600 _-ﬁ!m T060
e CCTAVE BAND CENTER FREQUENCIES IN HE [cps)

FG.5-2  STEAM TURBINE OIS LEVELS AT 3-FT DISTAKCE

(asign Curve A compared with noisc dita for Steam Turbines in

500-1500 HP Range}

1

T R L

L TR A TeET

e ERE L D5 T

1

N P SR

S—



R R LI

DCTAVE BAND SOUND PRELSUAE LEVEL IN dB RE 00002 MICROBAR

OCTAVE BAND SOUND PRESSURE LEVEL IN d3 RE DODDZ MiCROBAR

na
|G‘u
/\
0 B - S
g
-] B
-]
o
(1]
10
[12]
© 0 0 HEITNER 3000 HP
50 | | L
LI &) 1) 0 560 1000 2000 4000 0000
OCTAVE BAND CENTER FREQUENCIES IN H2 (cps)
FIG.5-3  STEAM TURBINE HOISE LEVELS AT J«FT OISTANCE
{Dazign Curva 0 comparad with ncise dats for Steam Turbines in
15015000 Hp Rlnnug
o
100
\ c
00
N
N
"y
an
el
0
—— S8 6,000 HP
r—— e 5«6 10,000 W&
. —meem Gt 10,000 HP
weeseernens 5-8 11,000 HP
o Qo o HEITNER 18,000 HP
a0 . — ! !
IS [E] 2y 250 500 1000 2000 4000 2000
OCTAVE BAND CENTER FREQUENCIES IN HZ {cps)
F16,5~4  STEAM TURBINE NOISE LEYELS AT 1-FT DISTANCE

Besian Curve £ camnared with nofse dats for Steam Turbines in

5001-15C00 %p Range)

w30

3

B =

[

~

=g

[l - ]
——r

E
&

1

!
3

4
g
i
4

E S

=

e e L M iy T e e AT Tuf e R Aok £ b By S A AWREY i

LT e



e e e

g e s,

RS SRnb ahoh Bty (1 b MRS BRI Let

t,
%
L

£
T ]
b
i
4

|

.

4
-

.

—

i
{

Figure S=2 compares the measured noise levels of turbines S-1 through S-i
with the suggested Deaign Curve A for turbines in the power range of 500-
1500 HP. 'The Heitner estimate for a 1500-HP turbine is alsc shown. Figure
S-3 compares the Heltner estimate for a 5000-HP turbine with the suggested
Design Curve B for the 1501-5000 HP range. Figure S~k compares the noise
levels of turbines 5=-5 through S-8 and the Heitner estimate for a 15000-HP
turbine with Design Curve C for the 5001-15000 HP range.

In the Manual, the noise level values ¢f the three Design Curves of Figure
5-1 are suggested for estimating the SPLs at 3-ft distance for steam turbines.
Thepe values are given here in tabular form in Table S-2,

SECTION 14%. GEARS

HNeise data have been measured or collected for nine large gears in the power
handling range of 300 to 23,200 HP., Three of these are taken from the G.E.
data first given us in conjunction with the gas turbine engine study for the
Power Plant Acoustics Manual. The known data for the nine gears are summar-
ized in Table G~l; sound pressure levels have been normalized toc a common

distance of 3 ft.

Table 15 of the Power Plant Acoustics Manual offered a achedule for estimsting
the sound power level of gears. That schedule wus derived from the G.E.
data on three gears plus an earlier BBN generalization that sound power of &
gear grows in proportion to the power transferred through the gear and that
acund power generally incresmses with inereasing speed of a gear. Because of
the usually unknown design of the gear, it has been imposgible to try to
associate peak frequencies with gear~tooth-contact rates or with "ringing"
frequencies due to the bell-like structure of some gear components. In
Table 15 of the Power Plant Acoustics Manual, the achedule of sound power
level was constructed around the noise of the three G.E, gears and the sound
power level change was taken to be 3 dB for each halving or doukling of power
and speed of the gear. The speed of the lower speed shaft was taken as the

speed parameter.

Study of the data of the nine gears in the present program reveals that the
sound putput of gears does not vary as widely as given in the Table 15 (PFA)}
schedule. A change of 1L dB for each halving or doubling of power and speed
appears to be & more realistic rate of change. Even so, it is cautioned that
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CODE
G=1

0=-2
g6-3
G4
0-E
a-6
a-7
0-5
g-2

HE

300

50
600
1250
hoon
9300
11000
23200
23200

TADLE 0-1
NGISE AND QFERATIONAL DATA ON NINE QEARS

ALLIS-CHALMERS

RPM  REM
INPUT OUTEUT
GHAFT SHAFT  MANUFACTURER
1780 8062,

13371

1200 3600 TERRY

1200  5CCOo a.E,

1200 5894

hlcde e B s 1 c.o,

6000 3600 G.E. #

1500 36490 WESTINGHOUSE®
5100 3600 0, E. #

5100 3600 0.E, #

1
2}
a6

a8

3
bz

63
HE

86

89
az
85
a2
92
ay

55 100
101 100

i H it
g2 88 o3
92 91 96
By 83 87
B2 B 93
88 8 s
99 94 94
75 8o B4
95 91 g4

104 99 100

1000 2000 4000
Hz Hz Hz
=L gl 81
92 85 85
85 86 T
g1 99 8y
9T 106 g4
93 91 88
9 76 ™

103 87 91

103 92 98

SOUND FRESSURE LEVEL IN OCTAVE BAND NORMALIZED
TO 3=-FT DISTANCE

125 250 500
Hz 4 z

8ooo
HE

71

B2
71
a4
83
83
70
103
10k

# This gear was knowh to he of "herringhone" design in order to achieve a relativoly quiet

inatallaticon
# Token rrom the study leading to the "Powsr Plant Acoustics Manual,"

TABLE Q-2
ESTIMATED SOUND PRESSURE LEVELS OF OFAR
AT 3-FT DISTANCE, IR dB

Volues apply to 125-B000 Hz octmve bands
Deduct 3 dB for 63 Hz octave band
Deduct 6 dB for 31 Nz octave band

SPEED OF
SLOWER

GEAR SHAFT 1285
REM 245
125~249 a4
250-499 95
500599 96

1000-1939 97
2000-3995 98
40007999 99
B8000-16000 100

250

koo g0

95
a6
97
98
99
100
101

5C0

96
97
98
99
100
101
1c2

POWER RATING OF OEAR IN HP

1000 2000 4000 B0O00 16000
1999 3990 7999 215999 32000
97 98 99 100 10
o8 99 100 101 102
95 100 101 102 103
00 101 102 103 10h
101 202 103 o4 105
102 103 1ok 105 106
103 a0k 205 106 107
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a group of only nine gears does not constitute a very lavge sampling, but it
is believed that the currently proposed schedule is an improvement over the
earlier Table 15. The proposed schedule of sound pressure levels of gearn

at 3-ft distance is given in Table G-2, This schedule is suggested for use
in the new manual, and it is proposed that this achedule take precedence over

Table 135,

The noise levels of the nine gears are shown in Tables G-l through G-8, where
each gear is compared with the estimated noise level derived from Table 15

of tho DPower Plant Accustles Manual and with the noilse level given by the new
schedule of Table 0=2. A flat spectrum for the 125-8000 Hz octave bands ia
agsumed in the new schedule in order to cover any cctave bands in which
genr-tooth-contact freguencies or "ringing" frequencies might occur. A
glight drop-off of noise in the two lovest octave bands seems Justified by

the data,

Compurison of the plote of Figures G-1 through G-8 shows that only one gear
(G-5) exceeds the proposed estimated value {by 4 dB at 2000 Hz), if we ignore
the 31 cps exceedance of gear G=9 {which could have been partially due to
noise from the nearby 15.5 megawatt gas turbine exhaust}., TFour gears fall

0 to 2 dB bhelow the new estimate and four gears fall 5 to 10 dB below the new
estimate, At least one of these quieter gears (G-T)} was known to be a
"herringbone" gear and was specially installed as a guieter replacement

for an earlier noisier genr. On the basis of a sample of only nine gears,

it is conjectured that the estimating procedure will give sdequate coverage
of gear noise in mest situaticna,

SECTION 15. TRANSFORMERS

Transformers typlcally are covered by NEMA sound level ratings, and trans-
former manufacturers usually gquote the NEMA ratings when asked to specify

the noise output of their products. Some manufacturers, however, produce

and market transformers having sound levels below the applicable NEMA rat-
ings, These quieter tranaformers may be sold at somewhat higher prices.

The eurrent NEMA Standards Publication No. TR 1~1968 specifies the methed
for measuring and calculating the sound level rating for a transformer, In
effect, the procedure consists of averaging a large number of A-scale sound
level meter readings taken all around the transformer (at suitably specified
positions) at distances of 1 £t from various surfaces of the transformer
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(or at 6~f't distances from fan-cooled radiating surfaces). The reader is
referred to the NEMA publications for more detalled discussions of the
procedure.

It is important to understand the significance of the NEMA "sudible sound
level,” as it is called in the specification. Interest here is limited to
60 Hz power. Due tc the magnetostrictive sction of the transformer core
material, the core goes through a complete cycle of oscillation for each
half-eycle of voltage change, Thus, for 60 Hz operation, maximum sound
output from the core occcurs at 120 Hz and its harmonies {240, 360, 480 Hz and
sc o). Of course, there are relatively small amounts of sound radiation

at 60 Hz and its odd-numbered harmonien but these are not significant in

the present discussion.

The A-acsle weighting network of the sound level meter intentienally dis-
criminates agsinst low~-frequency sound; it somewhat simulates the response
of the human ear for low-level sounds at low frequency. To be specifie,

the A-seale network reduces the signhal levels of the transformer frequencies,
of interest here, by the following amounts {in accordance with USASI stand-
ards for sound level maters}):

60 Hz =27 4B
120 Hz -16 dB
240 H2 -9 dB
360 Hz -5 dB
L8o Hz -4 dB

This means, simply, that if a trangformer produces at the l-ft position a
true gsound pressure level of 66 dB at 120 Hz (and assuming no other com-
ponents present), the A-scale reading would be 66«16 = 50 dBA. Note the
designation "dBA" to Iindicate an A-scale reading in decibvels, and note also
that this value is called a "gound level," not a "sound pressure level."

Many mamufacturers produce and pell transformers that are quieter than the
NEMA standard for transformers. In fact, one might conjecture that the
NEMA sound level standard is high enough that only the most unreasonably
noisy transformers would be rejlected. Even so, occasional noise problems
are produced by transformers, and it is the purpose of this study to protect
a bullding against excessive nolse due to a transformer that (1) possibly
does not meet the NEMA standard when installed, or {2} becomes noisier with
use, or (3) becomes noisier when under load (the NEMA rating is taken under
no=-load conditions), or (4} is simply too noisy for the quiet environment
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in which it is to be used, regardless of its NEMA rating. In any event, a
reasonable safety {actor is derived here so that excessive noisiness can be
anticipated and estimated.

First, experience shows that one important manifestation of a "poisy" trans-
former is that 1t produces an extra-ordinary amount of 240 or 360 Hz sound
components, compared to the output at 120 Hz. Second, because discrete
frequency sound signals can produce stending waves in enclosed spaces, pro-
vision must be made for pound level build-up. Alse, of course, the NEMA
data for 1-ft distance must be extrapolated to the normalized 3-ft distance

used in this report.

A step-by=-step development is given here. First, assume that the measured
average sound pressure level at l1-f't distance from a sample transformer is

ag follows for the specific frequency components:

120 Hz 50 dB
250 Hz 55 dB
360 Hz 55 dB
480 Hz 50 dB

This assumed combination of sound pressure levels reflects the fact that a
“noisy" transformer has high signsl components at 240 and 360 Hz. It is Just
such a marginally "nolsy" transformer that is to be protected by the building
design, If the transformer were much nolsier, it would be subject to re-
Jection and return to the manufacturer, if the building specifications con-
tain provisions for such action. Now, for this particular combination of
frequency components, the A-scale reading probably would approximate the
deeibel summation of the component signals after each component passes
through the filter action of the A-seale network; i.e.

at 120 Hz: 50 dB-16 dB = 34 dBA
at 240 Hz: 55 dB~ 9 4B = b6 dBA
at 360 Hz: 55 dB~ 5 dB = 50 dBA
at 480 Hz: 50 @B~ L4 dB = L6 dBA

Sum {A-acale) = 53 dBA

It is conjectured here that this particular transformer would have met a
53 dBA NEMA sound level rating.
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It is next desired to estimate the sound pressure level that might occur in
a transformer room when such a& transformer 1s brought in and installed., In
the usually highly reverberant room that houses a transformer, and consid-
ering the near-field effect of a transformer that 1s probably large compared
to the l-ft NEMA measurement distance, a 2-dB reduction is allowed for ex-
trapolating from the NEMA 1-ft distance to the normalized 3~ft distance used
in this study (refer to Figure 11 in the Power Plant Acoustics Manual for
support of this point--there are a few subtle facts involved which will not
be elaborated upon here). There is also the strong possibility that standing
waver may occur within the room et one of the trancfeormer frequencicc, Tor
this possibility, an increase in sound pressure level of 10 dB is assumed;
this is not at all unreasonable., Finally, for purposes of protecting the
building design, the actusl sound pressure levels of a transaformer are
assumed to range 5 dB higher than the values considered here. These various

adjustments total

-2 dB for 3-ft distance
+10 dB for standing waves
+5 dB for added protection
+13 dB

In the transformer example started above, a NEMA rating of 53 dBA was found
for an assumed sound pressure level of 50 dB at 120 and 480 Hz and 55 dB at
240 and 360 Hz. A 13 dB increase of these values 1s now suggested. Thus,
when designing a room to contain a 53 dBA NEMA-rated transformer, the follow-
ing assumed gound pressure levels would be conaldered:

at 120 Hz 63 dB
240 Hz 68 dB
360 Hz 68 4B
LB0o Hz 63 dB

Note that these values are numerically 10 and 15 dB, respectively, above the
NEMA rating of 53 dBA.

When converting the 63 4B and 68 dB discrete frequency components into the
octave frequency bands used in this work, the 120, 2L0 and 480 Hz components
clearly fall into the 125, 250 and 500 Hz octave bands, and the 360 Hz band
falls Jjust at the cross-over between the 20 and 4LBO Hz octave bands. Hence,
the 360 Hz signal iz assumed to be shared equally between the two octave

90

X

o

2

bl

A |

¥

g

2

-
(I

it S

e

A 4

.
-

il



e R R SR T B L T A T T AT T S LT S s 1 o g e e

SR

B e e e}

ET

E
n
o
*
4
v
i
K

13

’

1]

—=

&
i

bands, This distribution then leads to the following occtave band sound
pressure levels:

125 Hz band 63 dB
250 Hz band T0 dB
500 Hz band 67 4B

These values are now seen to be 10, 17 and 14 dB, respectively, sbove the

53 dBA NFMA reting, In this enslyeis it is assumed that epproximately these
same differences would apply for any transformer installed indoors. 1In
Figure T-1, these data points are plotted in such a way that the estimated
sound pressure level can be determined for any transformer, provided its
NEMA sound level rating is known. For example, 1f a transformer had a NEMA
asound level of T0 dBA, its sound pressure levels would be estimated to be

80 4B in the 125 Hz band,
87 aB in the 250 Hz band, and
8h 4B in the 500 Hz band

Below and above these three frequency bands, the noise 1s taken to drop off
at the rate of 3 dB per octave,

Tables T-1 and T-2 summarize some of the sound level data from the NEMA
Standards Publication No. TR1-1968. Table T-1 gives a somewhat abbreviated
veraion of NEMA data for dry-type transformers and Table T-2 gives a very
abbreviated version of data for oil-immersed transformers. The data given in
these tables are offered here only to provide a general view of the overall
type of information given in the NEMA publieation., The data in Tables T-1

and T-2 are lacking many of the technical qualifications contained in the NEMA

standard, Do not use Tables T-1l and T-2 to determine speciflie scund level
ratings for speeific transformers! Instead, refer to the actual Applicable
NEMA Standard for the appropriate NEMA ratings. However, once that rating
has been determined, it is believed tha application of the Figure T-1 ad-
Justments will provide approximately the maximum sound pressure levels ro-
quired for designing the transformer room, The data of Figure T-1 are
tobulated in Tabie T-3, and this estimation procedure is proposed for use in

the Manusl,
There are a few points to keep in mind in the application of this procedure.

1. VWhere a manufacturer is willing to guarantee that his product
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TABLE T-1
NEMA "AUDIBLE SOUND LEVELS" FOR DRY-TYPE TRANSFORMERY
1500-VOLT INSULATION CLASS AND BELQY
{Refer to latast nppllcable NEMA Stancard for datalle and qualifications.
Sevaral datnila omitted here.)
AVENAGE DBA READING AT 1-FT DISTANCE
{IN ACCORDANCE WITH NEMA TROCEDURE)

EQUIVALENT
TWO-WINDDHG SELF-cOOLED SELF-CO0LED FORQED-ALR
Kva SEALED VENTILATED VENTILATED
0=-300 57 58 67
301-500 59 <[] &7
501700 &1 62 67
701-1000 63 64 67
1001-1500 54 65 68
1501-2000 G5 [ 0y w
2001-3000 66 68 7
30014000 68 ¢l 73 *»
40015000 ] el F5)
5001-5000 70 TR h
6001-7500 71 T3 75
7501-8313 - mn 75
833410000 -— - 76

*  Hay be L dBA lower value for some unite in :hia KVA range,
%  May be 2 dBA lowar value for some ualte in this XVA ronge.

TABLE T-2

NEMA "AUDIBLE SOUND LEVELS" POR CIL-IMMERSED POWER TRANSFORMERS
(CLASS OA, OW AND FOW RATINGS)

{Refer to latant Applicable KREMA Btandard for detalls and qualifications,
Geveral datalls omitiad hers,)

HEMA EQUIVALENY THO-WINDING KVA RATING
AVERAGE
800D 125 KV 350 XV 750 KV 1300 KV
LEVEL INSULATION INSULATION INSULATION THSULATION
{dBA} ru\s CLASS crAss CLASS
4B 0=50 - - -
51 51100 - - -
& ;gi.ggg - - -
5 - - - -
3 pes o0 - an
[ - 1000 . -
-] - - - -n
0 - 1500 - -
a1 = 2000 - -
62 - 2500 e P
6 - 000 - .
B - [Hal4] - -
55 - 5000 - -
&b - 6000 000 -
6 - 7500 000 -
[ - 10000 5000 -
69 - 12500 0cn -—
70 - 15000 7500 -
71 - 20000 10000 -—
72 - 25000 132500 =
q - 0000 15000 -
7! w 0000 20000 -
i - 0000 25000 12500
7 — 0000 0000 15b00
s - 8oooo 0000 20000
7 - 100000 0000 25000
g3 - et 0000 0000
0 - - Roooo 000D
81 - - 100000 aooe
B2 - .- - 0000
] - - - 80000
8 - - - 106000
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TADLE T-3
EATIMATED MAXTMUM SOUND PRESSURE TEVELS OF A TRAUSFORMER AT 3-FT DISTANCE *

Firat, cbtain or entimats the NEMA Scund level Rating Cfor the traniformer
{thin 18 ap nverapge of soveral A-ucale readings taken at cartain spgeified
positions ot a 1-ft diatance from the tranaformer aurfacen or at a 6-ft
distance from the forced-slr ventilnted surfncea)

QCTAVE Add the followlng valuen to the NEMA Sound
FREQUENCY Tavoel Rating. The resulting values are sound
DAND (Hr} praapure leveln in df ra 0,002 micrabnr

31 a

63 5

125 10

250 17

500 b U]

1000 9

2000 h

hoco -1

8ooc -6
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will produce & lower sound level rating than the ctherwise-
applicable NEMA rating, the manufacturer's sound level value
(the average dBA reading taken at 1 £t distance in accordance
with the NEMA method) may be used as the value of "N'" when
entering Table T=3 or Figure T-1,

The purchase specification should state that the sound level
of the purchased transformer shall not exceed the applicable
NEMA sound level rating, and shall be removed if it does not

comply.

Although the procedure developed here is baged on transformer
noise rather than cooling fan noise, it is believed that the
envelope of the nolse curve of Figure T-1 will protect against
a reasonable amount of fan noise for any large forced-air cooled
transformer, One form of this protection is the addition of
10 dB to the estimate in order to cover possible standing wave
build-up of the transformer frequencies. ¥Fan noise would not
likely have such a large standing wave effect, if indeed any
effect at all. In a somevhat similar manner, if the origioal
NEMA ratings were largely influenced by fan noise (in this case
measured at a 6-ft distance, instead of a l-f't distance), the
combination of adjustments will still give adequate coverage,
gince broad-~band fat noise would not be subject to standing
wave build-up to the same extent as is possible for transformer

frequencies.

The procedure ocutlined here has not been tested against specific
case histories, so it must be considered somewhat hypothetical.

The values and the suppositions are all ressonable, however. Many
tranasformers are quieter than the NEMA standard, many transformers
do not produce unusally high 240, 360 and 480 Hz necise components,
and for many installations there will be no standing wave build-up,
s0 this procedure will appear to yield high sound pressure levels
when tested against many existing situations. As lmplied at the
outset, however, this procedure is designed to protect a room
against the marginally "noisy" transformer in which each of these

effects may be somewhat pronounced.
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NOISE

Reprinted HYDHOCAH BON
PROCESSING

Copyslght 1963, Gult Publishing Company

Decembar, 1968
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How to Estimate Plant Moises

Designers can now anticipate how
much noise will come from the more
noiser pieces of equipment in

an HMPl plant

irving Heltnor

Tl M. W, Kellogg Co., New Yorl, N.Y.

. Noise 15 necomtne increasingly Impottant as a result of

leglalation, insurance requirements, community reaction
and union regulations, This report will help you obtain
an estimate of expected noise levels so that adequate funds
and design can be provided to ensure satisfactory noise
levels,

THE NATUHE OF NOISE

Noise is defined 03 unwanted sound. Sound as a vibra-
tion is characterized by frequency and amplitude, The
following describes some of the ways noise is measured,

Frequoncy Bond. Some noise sources emit a single
frequency but most are broad band, Thus bands are
usec] to describe the noise frequency, These bands are
generally octaves so that the upper frequency band is
double the next lower {requency band, The frequency
bands shown in the first column of Table I are commonly

TABLE 1—Frocjuancy Sanis

U.B, FREQ, BAND 18,0, FREQ. BAND

3 Approx, Geom, Goom, Menn
c’clfﬂs“ "Rl&f;.. ltl: af Bund, liz

) {:]
31,8
63
125

R
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0--30

Fig, 1—To sdd noise from two sources,

used in the United States, Outsicle of the United States
the International Organization for Standardization (180)
preferred frequencies are used, These preferred frequen.
cies are the geometrical center frequencics of the band
and are also given in Table 1, The ISO preferred fre.
quencics are already In use in the United States.

Docibols, The strength of a noise source is expressed in
terms of the acoustical power it emits, Because of the
very wide range of acoustical powers measured it is cus-
tomary to use n log scale, ic.,

decibels, dbs = 10 logy {(measured /reference)
ar PWL = 10 logy (W/W,) 1y

67




HOW TO ESTIMATE PLANT NOISES . . .

where
PWL = logarithmic unit of acoustcal power, dbs
IV = acoustical power, watts
W, = reference power, 107" watts
(Some' use I¥, = 107" watts)
It is not convenient to measure acoustical power but
it is comparatively easy to measure acoustical root-mean-

square pressure, It can be shown® that sound power is
proportional to the square of sound pressure. Thus

SPL = 20 logw (P/F.) @
where
SPL = sound pressure level, dbs
P = rmas pressure, dynes/sq, em.
P, = reference pressure, 0.0002 dynes/sq. cm,

Notsa Additlon. To obtain the sum of a number of
sources the logarithmic basis for defining decibels must
be considered, The energy of the total noise is the sum of
the individual energy sources. Thus

Wom= Wi W oo
‘This i# equivalent to
Pmml Pl.’ +P==+ A

Since

SPLyn = 10 log (PaumS/Pnl)
and

SPL = 10 log (P/P)
then

SPLyus = 10 log [antilog (SPL,/10) +
antilog (SPL,/10) 4+ ...}

A convenient methed for obtaining the sum of two
noise sources? is possible with the scales given in Fip. 1.
Repeated addition of pairs can be used for adding any
number of sources,

For example, adding two noise sources of equal infen-
sity Increases the level by 3 decibels, If one noise source is
10 decibols greater than a second the total level is rela-
tively unchanged by adding the smaller noise source to
the larger,

Noiso Radlatlen, The SPL on a surface receiving noise
radiation ean be related to the PIVL of the noise source
as follows;?

SPL = PWL — 10log (5/5,) + 0.5 @)
where
§PL = decibels relative to 0,0002 dynes/sq. cm,
PWL = decibels relative ta 107 watts
&, = unit area, one sq. ft.
§ = total surflace recelving noise, &q. ft,
For a noise source in free space and a receiving peint free
of reflecting surfaces we have spherical radiation and § =

4m1®, A receiving point near the ground is approximated
by hemispherical radiatlon for which § = 2xr%, In either

68 e

ease § is proportional to r* where r is the distance {rom
the source to the area recelving the radiation, Thus

A(SPL) = 20 log {rs/rs)

or a doubling of distance decreases the SPL by 6 deeibels.

In the immediate vicinity of a noise source called the
“near field” this relationship daes not hold, Measurements
shaw that

A(SPLY = Klog (ra/r1)

where K may be 5 and inerease to 20 as re becomes n
larger nmultiple of the physical size of the source.?

Notse In Enclasures. There are many areas in processing
plants that have considerable reflection and some, such
as pipe racks and compressor shacks, are essentially large
enclosures, Tt can be shewn® that Equation 3 can be ex-
tended to give

i

ka
= ¥ --Q-— i) ( m !
SPL = PIVL + 10 log (47"“ +% () “ :
@ = antilog [(SPLa — $PLay)/10) (5) :
S F] E
R a-% {6) ]
a=2af/25 (7) 8y
where ;I
SPLo = SPL at angle Q
SFPL,,, = space average SPL By
e = average absorption coeflicient !
oy = absorption coeflicient for clement 'S, B
8 = element of area; T S, = §, total area |
Note that the 0.5 term of Equation 3 has been neglected, L
The torm Q allows for any unequal radintion in different
directions, Some directivity corrections will be given later, 1
The term 4/R accounts for the reflected noise when equi-
librium is established. The value of &y varies from O to 1
and may be taken ns 0.03 for steel and concrete, and 1,0
for emply space, :
wif
|
The Source of Noise .
ol

Noise production in hydrocarbon plants may be divided
into the following categories, First, the cflect of gas
streams on stationary air—vents and air intakes. Sceond,
the cffect of moving Muids on confining metal surfaces—
centrol valves and pipe lines, Third, the effect of moving
metal surfaces on stationary or flawing fluids—fans,
pumps, compressors, Finally, the effect of periedically con-
tacting metal surfnces—gearing,

Vents, The noise generated by the action of gas flow
into the atmosphere will be considered first since vents
generally constitute major noise sources. Defining A, the
Much number of the jet as the exit velocity divided by
the speed of sound in the surrounding atmosphere, there
are the following-three classifications:

First, subsonic: (M < 1) for which, the total acoustical
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power is proportional to 7%, Second supersonic (M > 1)
where the acoustical power is proportional to I to some
power less than 8, Finally, choked flow where the gas
reaches its sonic velocity and where its pressure is reduced
to atmospheric by a shock or series of shocks.

Acrodynamic nolse was investigated by M. J. Lighthill®
who showed thit the total acoustical power generated by
a subsonic jet may be given by:

2 1,8

W = K ETV" a4 )

and W, = 5 [P, ()]
Since

Wn = pl'rd/8 [$11)]
then

7= (5/"') (e pa) KAM' (in
where

W, = acoustical power

K. = acowstical power coeflicient

p = density of flowing gas

pa = density of atinosphere

¥V = jetexlt velocity

d = jet nozzle diameter

¢, = zound velocity in atmasphere
= acoustical efliciency

IV = mechanical power

M = Mach number, I/,

Experimental results and Lighthill's analysis have
shown for subsonic jets that n is of the order of 10~ Af®
and is proportional to pafp, and {I/T.)* where T is
the absolute temperature of the jet and T, is the absolute
temperature of the atmosphere. In extending Equation 9
to supersonic jets there is evidence that the total acous.
tical power is propartional to ¥ with n decreasing with
incroasing M, Turther, as M increases the acoustical
power becomes proportional to pq, instead of p. The
temperature correction deceases and eventualiy n becomes
constant independent of Af. These variations giving acous-
tical cfliclencies for both subsonic and supersonic jets are
shown in Tig, 2.

Cholied Jets, A typical jet is cone shaped (angle about
16 degrees} and extends about 17 to 20 diameters? with
a highly turbulent boundary which is the source of the
observed noise, Choked jets in addition to this turbulent
boundary noise form a cellular structure? as a result of
shock formation, which structure is an additional intense
source of noise, The acoustical efficiencies shown in Fig. 3
are used to caleulate the noise produced by this phe-
nomenon, which noise is in addition to the turbulent
boundary noise as calculated from the acoustical effi-
ciency given in Fig, 2 (29 < 107%),

Directional Gurrcctmn. Having obtained the acoustical
power in watts the PWL Is obtained from Equation 1 and
the SPL from Equation 3. The SPL thus caleulated is the
space avernge SPL and should be corrected for the angle
from the jet nxis to the point of measurement, The divec

1071
I'-"'m-2 / —
&
% 103 Ly A /
s | e f N
= ‘0-4 [,
o] /f/
- »!
g o : 4 \t-”a\ L
5 m-ﬂ / s
2 9d

L R TR T 2 4

1 ¥ 6 510

MACH NUMBER, M

Fig, 2—nAcoustical efficiences for jats.*

ACOUSTICAL EFFICIEHC\’J’

3 4 5 8 789100
PRESSURE RATIO, P\/P,

Fig, 3—Choked fets exhlbit shock formation.*

tivity pattern depends on the frequency of the emitted
noise hut enly corrections for the over-all SPL will be
noted herein, For non-thoked vents the corrections® to be
applied to the aveage over-all SPL to obtain the over-all
SPL in free space at the given angle are givent in Table 2,

For choked jets the neise contributed by the shock for-
mation produces strong radiation normal to the jet.® For
these jets the correction’® to be applied to the over-all
space average SPL can be taken from the last column of
Table 2.

The eorrections for choked jeis apply to the total noise,
both turbulent and shock. As noted previously, directivity
corrections will differ for different frequencies and will
differ from the over-all corrections given. However, an
individual band correction is not watranted for this sort of
estimate.

In a highly reflective environment such as exists at
grade in the average chemical plant, the above corrections
will not be measured, The corrections given enable one

TABLE Z~=Dirastional Sorractionn for Jots

SPL CORRECTION, DBS
Anila from Jot Aste, Dellrcea Non-Choked Clhoked
1] -3
1 + 1
4 a
R I 3
-4 -1
-8 -1
-11 -4
-13 -
-18 - B
-17 -10
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Fig. 4—Nolse spectrum for Jets.

to calculate @ in Equation 4 and then to estimate or cal-
culate the 4/ term. From these caleulicions te acas
sured nolse can be estimated.

Nuise Speetrum, To eheck conformity with plant noise
specifications an estimate of the SPL in the difTerent fre-
quency bands is required, For a jet a typical plot't of
noise intensity versus [requency is shown in Fig. 4. To
estimate f,, the frequency of maximun noise production,
a dimensionless number, the peak Strouhal number, N,,
is used:

N, = fnd/V

The value of N, is generally taken® as 0.2, The SPL
in the octave containing f, is taken as 5 decibels less than
the over-all SPL and the SPL in the remaining octaves
are estimated fromn Fig. 4. For choked jets the shock noise
portion of the total noise will have a Strouhal number
which is dependent on the pressure upstream of the shock®
but for most cstimates it suffices to use Fquation 12 for
choked flow.

Steamn Vents, It is o common plant observation that
steamn vents are especially noisy, possibly as o result of
eventunl condensation in the atmosphere. There are few
theoretical or experimental investigations of steam jots?
On the basis of personal measurments it is recommended
that the SPL for steam vents as cstimated by methods
noted previously be inereased by 3 decibles if y < 005,

Control Valve Nolae. The important problem of con.
tro] valve noise for gas flow has been the subject of little
theoretical or experimental investigation, One mechanism
cansiders the control valve as forming a jet which is con-
fined by the pipe wall and then applies the previously
noted vent formulas®® There is disagreement as to the
validity of this mechanism® but it has proved useful
for estimates,

Considering the valve as single seated, caleulate the
port diameter, velocity and gas density under operating
conditions, From wveloeity, pressure and temperature the
acoustical efliciencics for subsonic and choked flow can be
estimated, Multiplying Equation 10 hy the acoustical
efficiency and using Bquation 2 gives the PWL, The SPL,
is calculated by caleulating the loss through the valve
wall and applying a correction for distance.

10

To estimate the loss through the valve wall recourse
it made to the results of studies of waves in solid struc-
tures, chiefly panels! The following is recommended to
estimate the transmission loss through a pipe wall:

TL=17leg (m () — 36 13)
where

TL4 = transmission los, dbs (TL 2 0)
m = weight of pipe wall, 1b./sq. ft.
J = frequeney, cycles per second, He

This formula is intended as a conservative approximate
answer to a complex problems It assumes adequate struc-
tural rigidity and thus for large diameter, thin-walled, in-
adequately supported lines the loss may be less than given
above.

A frequency estimate is required to solve Equation 13,
Based on caleulated single port diameter and ealculated
single port velocity a peak frequency can be obtained
using a Strouhal number of 0.5. This {requeney i3 used in
Equation 13 to estimate the over-all transmission loss,
Since the transmission loss is greater in the higher fre-
quencies the spectrum of control valve noise will shilt to
lower frequencies external to the valve, Here the peak
frequency is estimated on the basis of a Strenhal number
of 0.2 using port size and velocity and the spectrum is
obtained from Fig, 4. The transmission loss could be cal-
culated on an octave by actave basis but the mechanisin
does not warrant this refinmnent. Further, no dircctivity
cortections are made,

Pipo kinos For Gasos. The noise produced by long large
high velocity gas lines can be of importance. Again it is
useful 10 use the mechanism of a mechanical power source
and an acoustical efTiciency even though the mechanism
usedd for vents is not directly applicable since theve is ne
jet, Nevertheless, ag friction drop can be expressed in
terms of velocity head, a possible mechanism is to consider
this drop as the source of mechanical power, The acous-
tical efficieney would be ealculated on the basis of the
line velocity and diameter as well as the gas density and
temperature, Thus we would have

13
SPL = 10 log (lo——"‘%:; ’”") - (T8 (14

W, = 1.36 (AP/L) (ad/0)V

where
n = acoustical efficiency, Fig, 2
W, = mechanical power, watts/ft, of length
Al = differential pipe length, ft,
r = point of measurement distance to AL
Tl = transmission los, dbs
AP = tatal pressure drap, incl, fittings and valves

1b./sq. ft,

L = total length of pipe, It.
P = average line velocity, ft./see.
d = pipe diameter, ft.

The Streuhal number for c-alculating the TL js taken

HyprocarnoN Pradessing
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a8 0.5; external to the pipe, it is taken as 0,2, Equation 14
requires integration, For an infinite line, use

oy
SPL = 10 log (—13‘{7’-"-—"‘) - (rny (15)
where

r = perpendicular distanee from the observer to the
pipe wall.

The model being imperfect requires correction, For
gases whose density is approximately that of the ambient
air it underestimates the noise level by 2 to 4 decibels, For
high density gases (about 30 times that for atmospheric
air} it overestimates the noise level by 2 to 4 deeibels, For
vacuwmn lines the mechanism is completely inoperative,
For high vacuum systems ealeulations show the mechan-
ieal power in both the friction and in the velocity head are
insulTicient to account for the acoustical levels measured,
But it has been obsorved that the following term will give
results consistent with measured vahies:

Wn = 136 (a/2g) (» &/4) V* (16)

where p is the density of atmospheric air in Ib/eu ft and g
is the gravitution constant, This meehanism would suggest
that the atmosphere fumishes the power for the nolse In
vacuum lines,

Pipa Line For Liquids. Because of lower velocities, noise
from contro] valves and pipe lines catrying liquids are of
lower intensity and frequency comprated to lines carrying
gases. Control valve noise for lines earrying water may be
approximated® by

SPL = 385 log V 4 53 = 22 log (doipe/dher)  (17)
where

SPL = sound pressure level at pipe wall
¥ = fluid velocity at valve port, ft./zec.

We can check Equation 17 against the previous mecha-
nism proposed for flow through pipes by starting with
Equation 3 as [ollows:

SPL = PWL — 101leg §

where
§ = 4
Also o
PWL = 101og IO“WEV,,.

Applying Equation 16 for ¥, and separating terms gives

2"
PWL = 130 - 10 log [(#) ('—g;—") (3’-;'-) V‘]

where

d = port dlameter, ft,

V = fluid veloclty through port, ft./sec,
p = watcr density, 62.4 ib./cu, [t

r = distance to port; i.e., dpgpe/2, It,

and a coefTiclent of 20, instead of 22, is used for the last
term of Equation 17,

The result is the SPL at the inside of the contro] valve
and must be corrected both for distance from and trans-
mission loss through the valve wall. A Strouhal number of
0.05 based on port diameter and velocity can be used to
ealculate the wall loss and the spectrum external to the
pipe ean he approximated similar to that for gas flow,
The noise produced by liquid flow in pipes can generally
be neglected, I an estimate is required an acoustic offi-
ciency of 6 x 10" 794% ean be used with the mechanical
source taken as the friction drop,

Rotating Blades, The action of rotating solid members
in producing moise is second in importance only to jet
naise, The subject is complex since there are several noise
sources: thickness noise (blade thickness), thrust noise,
vortex shedding noise, wake noisc and noise generated by
the interaction with solid swtionary surfaces. In general
the PI#L, generated is a function of 5 typical velecity to
a high power (5 to 10) and the spectrumn generated is
generally u function of the rotating specd.

Fan npise can be estimated by the following formula
which is based en reported propeller noise datat

PIVL = {165 + 0,027 U 4- 10 log (FP/25 B)*®
<+ 10 log {B/3) (18)
where
U = tip speed, ft./sec. {100 < U < 700)
HP = horscpower
B = number of blades
The principal Irequency with the greatest noise power is
estimated Dy

fo = B(RPM)/60

The octave containing this frequency has a noise power
of pbout 3 dis less than the over-all paise level, The nolse
power deereases about 8 dbs per octave for frequencies
below the principal frequeney and decreases about 4 dbs
per octave for [requencies above the principal frequency.

Alr coolers can be estimated by using Equation 18, To
select [ans for minimum noise, apply the fan equations
of

g = D'UB
Pell

HP o QP

where

7 = air volume per unit time

D = blade dinmeter

P = static pressure

Another source* gives the [ollowing:

PWL = 100 + 10 log HP (19)

with a correction added of 10 log P when P exceeds unity
as measured in inches of water,

g = gravitational constant, 32.2
For cooling towers, Koppers Co., Inc, gives the follow-
ing procedure:
Step 1. Compute over-all acoustical power by

This will give units equal 1o Equaiiun 17if
7= 6x 1070 3
Dgccrhhér'ul'gﬁl‘],‘ Vol. 47, No, 12 - N 71
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TADLE J==Looling Towor Nolso Corroctlons

DIRECTIVITY CONRLECTION, DHS
For Outiet ot Given Anglo from
Octays Dand o te n\'ur:l:al Hile tro Far
Octuve, Cortectlon, f—— Lits
1z dbe | oo [ as0 | sue | g0e | 1ase | ameo | por
37.0/75 -0 3 O|=~1]=8]=6]=5&
76/150 -1 4 o= —¢|=ND]=-0-3
A0/300 | 6 1| =8 =10 =12 =12{ =i
H00/u0 =~10 B3| =8 -11]14]-14] ~d
400/1,200 -1 5 5| =6| =12 ~16] <18 5
1.200/2,4 -17 5 5| =8| ~13] =18 ] -8 5
240074,800 -3 I 5| =8| ~14[ —20[ -20 5
4,800/0,000 -25 5 5] <h| =4 | =21 =21 3
PIWL = 105 + 10 log HP (20)

Stepr 2. Apply octave hand correction as shown in one
of the columns of Table 3 lor propeller fans,
Stepr 3. Compute fan frequency by

Jo = B {RPAf) /50

.and add 5 dbs for the nctave containing this frequency,

Step 4. Apply dircctivity corrections as shown in Table
3 which are bascd on a cooling tower having a 64-square
foot outlet,

Motors. Sources of noise in electric motors are mechan-
ical {bearings and rotors), aerodynamic, and magnetic.
For fan cooled motors the major noise source is the fan
and preceeding formulas may be used to cstimate the
noise level, Induction motor design aliows 100 to 150
cubic feet per minute of coaling air per kilowatt of loss
which varies from 10 percent for motors about 10 hp to
6 percent for motors exceeding 1,000 hp?

Uniquestionably the most accurate way te abtain motor
noise is from manufacturer’s data, Motor noise Jevels are
a function of horsepower, speed and type of construction,

Table 4 is o condensation of one manufacturer’s noise
levels giving maximum SPL at 3 feet from the motor,
Totally enclosed fan-cooled motors give levels 2 to 3
dbs above those for weather protected motors, Special
enclesures for higher horsepower motors can reduce the
noise levels significantly,

Comprossors, Modern hydrocarbon processing plants
frequently have large compressor installations which are
major noise producers. For centrifugal and axial flow com-
pressors the noise sources are tutbulence, separated flow

and unsteady flow over the vanes, For reciprocating com-
pressors the source is turbulence, pressure fluctuation and
non-uniform mechanieal operation,

For centrifugal compressors the following formula are
recommended:*

PIVL = 20 log HP + 81 - 50 log (U/800)

with the reading being taken at the exit piping.
The frequency of maximum noise production is taken
as

@2n

Jo= 108U {22)

The SPL in the octave range containing s is taken ns 4
decibels less than the over-all SPL and the slope is taken
as 3 decibels per cctave above and below the maximum
noise octave,

In calculating the SPL using Equation 21, allowance
must be made for the transmission Joss through the pipe
wuil ac the exit piping,

For axinl compressors, the following is a procedure* for
cstimating noise:

Over-all PIVL = 76 4 20 log HP (23)

The frequency of maximum noise output js the second
harmonic, or

Ja = 2 B (RPM)/G0 (24)

The spectrum is obtained from the following equations:
For the 37.5-75 Hz octave

PIVL = B5 4 10 log IIP (<5)
For the 300-600 Hz octave

PIVL = 80 4 13.5 log 1P (26}
For the octave containing fo

PWL = T+ 4+ 20 log HP =7
For the octave containing fy

PHWL = 80 4~ 13,5 log HP (28)
where

So = fo/400 (9)

TABLE d===fApproximata Nolso Levols for Eloctile Motors

8 s 8L, FOIt GIYEN OGTAYE
nend,
1lareepower Eucliaure® I\I'M 37.5=75 75—150 150—300 300—0600 G00==1,200 [1,200—2,100 | 2,4U0~4,400 | 4,800—4,600
40 Te B, ., ..., TEHC 2,600 72 7% i) 84 Ao #2 78 70
Tob). oucuers TEH 1,800 [Ty [k 70 7h 0 - 70 i 58
TERC 3,000 0 ™ A3 i A7 Hit 7
TEFC JHOQ ] L) Ti T H1 77 70 [}
TEFC HALE] HZ 23] a7 [{¥] ol on il il
TEFC -] 74 71 T g b 78 70
Vi 3,000 L. 4] 74 ug i #H B 74
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To plot the total spectrum, the SPL for the 37.5-75 Hz
octave is connected to the SPL for the 300-600 Iz actave
by a straight line, A smooth curve is drawn through the
SPL values for the 300-600 Hz octave, the octave contain-
ing f, and the octave containing fi. Ieyond the f, octave,
the slope is continued 23 a straight line,

For reciprocating compressors the following equation
can be used as a rough approximation in the absence of
published data,

Over-all PWL = 115 4 10 log P (30)

The fundamental liequency of the machine is enleu-
lated and the PWL in that octave is taken as 4 decibels
less than the over-all. The levels in higher and lower oc-
taves decrease by 3 decibels per octave® The reading is at
the compressor and n correction must be made for the
cnsing loss. At distances close to the compressor the sur-
face for computing the SPL should be similar to the comn-
pressor cxterior,

Turbinas, Turhines, both gas and steam, are tunjor
sources of noise in process plants but have reccived little
attention in published literature, The following empirical
equations from limited data are olfered for estimating
turbine noise levels,

SPL = 5B - 101og HP {3n
SPf = B2 + 10iog G (32)
where G Steam flow, bs. /sec.

The SPL for above equations are 3 feet from twbine cas-
ing.

For calculations invalving enclosures where the P is
required the following equation has been found uselul

PWL = 109 4 10log G (33)

and where a transmision lost through the casing (vsti-
mated as 28 dbs) has been included.

To estimate the spectrum of turbine noise a rough rule
is to sclect the octave of maximum noise production as
1,200 10 2,400 Hz for trbines operating below 9,000 rpng,
and the 2,400 to 4,800 octave for turbines operating
above ‘9,000 rpm, The SPL in the maximum [requency
octave may be taken s 4 decibels below the over-all SPL
with a slape of 3 declbels per octave above and below
the maximum frequency octave,

Pumpsa. The low horsepower of pumps makes then in-
dividually minor noise sources but collectively they serve
to raise the general noise [evel of the plant, Ifhe absence
of published data on pump noise the followilly formulas
hased on limited data arc presented as rough Miides,

~ SPL =71 -+ 10%g HPy [1 — (E/2)) (31)
where
HP, = hydraullc horsepower
E = pump efficiency
SPL = sound power level 3 {1, from pump

A rough approximalion for the PIVL of noise in an en-
closed area Is

PWL = 97 + 10log HPy [1 — (E/2)) (35)
December 1968, Vol, 47, No. 12 ‘

Casing transmission loss i3 included in the foregoing
equations,

The noise speetrum for pumps s flat and ns a rough
estimate for pumps below 500 hp one may take an equal
noise level in cach of the octaves between 150 and 2,400
Hz (7 dbs below the over-all) with a decrease of 6 dbs
per octave above and below this region, For pumps 500
hp and above the SPL in the octaves 150 to 300, 300 to
600 and 600 jo 1,200 may be taken as 5 dbs below the
over-all with o deerease of 6 dbs per octave above and
below this region,

Furnaces. Fumace noise represents a combination of sey-
eral noise preduting mechanisms: first, the noise produced
by the entering fuel gas which represents a critical drop
if above 15 psig; secand, the noise produced by the intake
of primary and secondary air; third, the noise produced
by the eombustion process,

To caleulate the fuel gas noise the procedure for esti-
muating control valve noise is used, For burners having a
high fucl gas pressure this is the dominant neise source.
For burners using fuel oil this noise source is negligible,
Low pressure drop flow into a furnace is calenlated as a
vent,

To caleulate the noise 3 feet fram the burners and pro-
duced by the flow of primary and secondary air the fol-
lowing formulis are recommended.

SPL = 10Jog "' + 10log G — 15 {36)
PIVL = 10log V* 4 1010y G*" 4 6 37
where

¥ = air velocity through register, f1./sec.
G = air flow, lb,/min.

I'o estimate the octave of maximum neoise a Strouhal
number of one is used, i.e,

L4V = 1
where d is the smallest dimension of the air opening,
The SPL in this octave is taken as 3 dbs below the over-
all with a slopa of 5 dbs per octave above and below
the octave of maximum nolse production.

Burner noise must be estimated octave by octave since
the fuel gas noise is high f{requency neise and the air in-
take noise is low frequency. Having obtained the noise {or
the individual hurner, the furnace noise is obtained by
sununing the noise of all the burners.

Combustion noise is not as significant as thas produced
by air and gas flow. A complete analysis is given in the
literature.’™ As a condensation of this analysis we may use

IV = 1055y GH (38}
where

IV = acoustical power, watts

7 = acoustical efficiency, use 107

G = flow rate, lb./sec.

H = hceating value, Bouylb,

The octave of maximum noise production may be esti-
mated as 300 to 600 Hz and the SPL in this octave may
be taken a 3 dbs below the over-all with a slope of 6 dbs
per octave above and below this octave.
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HOW TO ESTIMATE PLANT NOISES . . .

TADLE 3=—=Calltornia Nolsa Control Salsty Orders

TABLE S==Naise Atlonuation In Ale

Alr Absorption
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Mochanleal Neise. Under this elassification is included
noise gencrated hy the contact of metallic surfaces and
the vibration of pipes and structures, The magnitude of
these noise producers is essentially a function of mechan-
ical design. Careful machining, adequate plate thickness
and proper supports can lower these noise sources to levels
below those previously considered, Because of this de-
pendence upon factars outside of the mechanical energy
avuifuble fur tansformution into acoustical energy no
attempt will be made to estimate their magnitudes by
formal meuns, We cannot, however, fail to consider gear-
ing. Larger gear boxes in compressor trains can be de-
signed by special order for quiet operation, However, for
the uswal process plant installations field measurements
indicate readings in the vicinity of gear boxes are gener-
ally 2 to 3 decibels higher than the readings taken at the
driver or compressor.

Noise Specifications

The procedures presented herein have been applied
with suceess in estimating generated noise levels of hydro-
cathon processing plants, The estimates have provided a
basis for required silencing to meet specifications,

Typical of noise specifications s the [ollowing excerpt
from the Californin Noise Control Safety QOrders:

“If an employe is exposed to noise for five or more
hours per normal workday, the levels shown (Table
5) are the levels at and above wlicly the wearing of
hearing proicctors is mandatory. For employes whose
exposure 1o occupational neise is less than five hours
per day, the noise levels may be three decibels higher
for each halving of exposure time."

We note the following:

Ahout tho author

InviNg HEUTRER 48 ¢ senior analytical
engindcr (Syalems Dividon) for The
M, W, Kellogy Co., New York assigned
to epeciul projects, He holds ¢ bachelor
degres {n chemicul engieering from
City Collega of Now York and a master
degrea it mechanicnl enginesring from
University of Pennsylvanie. Fis past
exporience incindes eight years s a
planning enpincer for Celanese Corp.
of America, und scven, yents oa pro-
voaq, project and cquipment engincer for Sciontific Dosign
Co, He has 0 professional ougineering licenso from the
Stata of New York,
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® Longer exposure time lowers permissible noise Jevels,

® Higher frequencies lower permissible noise levels.

® The specifications are intended to avoid heaving
damage, Speech interference or psychological effects
are not considered,

® The wording is Iegal, The failure of an employe to
wear hearing proteetors may not relieve the employer
of responsibility for emplove heaving loss and may
not har an employe from receiving workman's com-
pensation, Indeed, insurance and design specifications
make no reference to hearing protectors,

Nolso and the Atmosphare. For noise radiation to dis-
tant points one should include the effect of atmospheric
attenuation, One authority'® gives attenuations in units
of decibels per 1,000 feet as shown in Table 6,

Wind and temperature gradients are unimportant
within the plant but for communities at a distance they
can increase the expecled noise levels, These eifects are
discussed in the literature,!

Ground Rofloction. In plant measurements the effect of
ground reflection is of importance. For enclosed areas this
will be considered in the evaluation of the room constant,
For apen areas near the ground one method is to con-
sider the sound propogation as hemispherical (ie, §=
2zr*) which is equivalent to an increase of 3 decibels over
radintion in {ree space,
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