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PROCEPURES FOR ESTTIMATING SQUND POWER FROM
MEASUREMENTS OF SQUND PRESSURE

An Experimental Inveatigstion with Application
to Holse From Portable Alr Compresacrs

Curtis I, Holmer
Applied Acoustics Section
Mecharics Divislon
letional Bursuu of Standards
Washington, D. ¢, 20234

ABSTRACT

This report descrines investigationa of the accuracy and preciaion of various measurerent
methodologles for determining the eatimated sound power output of "large" machines in the free fiald
over A reflecting plane., One purpose of thla investigntion i3 to place ecpirical error bounds en many
of the free fleld measurement procedures currently propaosed or in usa; and in pertieular, compare the
reaults of "near-field" and "far-field" measurementa. The sources used for the investigation included
1T portable air compressers of vericus types {povered by internal corbustion engines), & “reference”
sownd agurce, and & loudspeaker driven by a pure tone source., 7The data recorded inelude sound
pressurs level (A-velghted, linear, end 1/3-octave band) on an 8% paint hemispherical array of seven
metre radius, and "near~rield" measurenents, sampled every square metre, on & rectangular surface one
netre from the machine surface., Thess duta were reduced to provide information on the deviation or
"hear Pield" sound power determinstions from "far-field" power level (uaing subsets of the dato as
appropriste to vearious methodologies). The messured dats for seventeen aources suggests that the
value of n sound power estimete besed on "near-field" sound pressure level measurements may be an
upper bound to the sound power levol estimated from far field measursments, subject to the limivetions
of macpling error. Estimates of total achievable messurement error of A~weighted zound power level of
near field determinations relative to far fleld determinatioiss gre mada for seversl measurement
methodologies, braed on the experimentsl data.

1. INTRODUCTION

This report presents the results of en experimental investigaticn undertaken by the National
Bureau of Standards, of messurerent procedures for the determination of acund power output of portable

alr compressors.

These results are preliminary in the sense that the potential information available from the date
bank established in the seasuresent program has only been partially evaluated, Much additional
information remains to be retrieved from the data. The conclusicns reached concerning the aceuracy
and precision of 'near~-field” sound pover measuremants are substantiated 88 fur as they go, Howevar,
additional analysis of the data may lead to reinterprezation of these findings.

This atudy was Jointly funded by the U. &, Environmental Protection Agency Office of loise
Abatement and Control (EPA/ONAC) and the Hetienal Bureau of Standarda (NBS) to provide backsround
inforpation for a messurement rethodology appropriate ror the reguletion of noise emission from newly
manuractyurad portable alr compreasora. EPA supperted the cost of date collection and NBS the cost of
data reduction and annlysis,

True sound pover output is conventionally defined as the integral of the normsl component of time
average acoustle lntensity over a surface conpletely epelosing the source, (See discussion in Section
5.2.) Binee the nctuel measurement process must involve point sampling of the sownd f{eld due 3 the
source, and to be widely useful must employ commercially uvailehle instrumentation, sueh tmeasursmenta
can only yield an estirate of true sound power, Present commercislly available inotrumentation
measures ficAn square sound preastre rather than intensity, so standardized memaurenent procedures for
the estimation of sound pover erploy meesurements of sound pressure under partleoular controlled
situaticng where the measurements nrovide datus which 13 known to at leput esymptoticelly appreach {in
the large radius limit} the scalar magnitude of true intepaity.

Present ISO ond ANST standard methods{1}¥ of derermtnation of sound power in the free field aver
o reflecting plane invclve messurements of sound pressure leyel At Points on a hemlsphere whose radius
ia large compared with the largest source dimension {"far field"). Recent draft standards[2] and some

"yllumhez-u in brackets refer to referances at the end of this report.
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eurrent ressarch(3) suggeat that measuraments made nenr the surface of s large machine {"neur-field”)
can alao be utilised as the basis for estimates of radisted nound power. This study was Intended to:
{1} provide emirical evalustion of the suitsbility of cloce=in measurements of sound pressures level
to infer the "farfield” estimate of acund pover output of & portable sir compressor; (2) provide
empirical estimates of meagurement preciaion and accuracy as & function of the methodolepy used; and
{3} contribute sdditional data on nolse emission from portable air compressers.

The measurement progran consisted of determinations of time averaged scund pressurs level at o
large number of positians on two different measurement surfaces {one in the "far rield" and one in the
"near field") surrounding enech of Saventeen gourzes. From the data for ench source an estimate of the
sound pover radiated by that source was made fgr each surface, and the difference between the two
measurerents was used to infer the valldity and atcuraey of "near field" measurement procedures
relative to the far field procedures., The precision of the measurement procedurs wes inferred frem
the statistiess of these differences for the net of sources {nvestigated. Since several proposed
methodelogies Include msasurement positicns which are subssts of the complete set of peasurement
positions, the sgouracy and precision of these methodologies could be inferred in a similar manner.

We recognize that neither of the above measursment procedures provide the absolute sound pover
level for the remssns already megtioned. A3 such we recognize that we sapnpt state with any
certainty, the degree to which either asund power determination approximaves the absolute sound pover
output. In the following sections it 13 emphasized that the phrase “sound power"” should be
interpreted as refering to the estimate of sound pover obtained from messurement of sound pressure
levels at large distances from a source, Further, the use of the term "sccuracy” {s used o describe
the relstive blas of a determination from the estimate of mound pover described above.

The folloving aectiona of this repbrr. present detailed discussions of: the experimental progran,
including results of the sound pressure level measurements; the sorputation of asound power level for a
limited nusber of measurerent methodologies, apd the resules of these computations; estimates of

neasurament pocwrdcy and precision for the methodologies evaluated; and conclusions regarding the
various methodologies,

e L e b e A i A A,
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2. E{PERIMENTAL PROGRAM
2.1. Program Objectives and Implementation
The principal objegtives of the program were:

1. Teat experimentally, the validity of using "nesr=field" memsurements of aound pressure level
to predict the "far-field" nound pressure level for large machines. {The computation
procedure used {nvelves the intermediate copncapt af scund power output as a characterization
of the source emission,)

2. Provide a deta base from which the aecuracy and precision of sound pover determinatiens may
be eztimoted based on limited sampling of the sound fleld.

3. Generate baseline data of noise emizsion from pertable air compressors.
The implementation of these objectives is briefly discussed below,
2.2. Experimental Plan

The experiment consisted of the neasurement of sound pressure level on two surfaces surrounding
the sound scurce. ‘The larger surface [yielding the "far field” measurement date) was a hemisphere of
& fixed 7 metre radius, The cound preasure level was sompled at seven locations utilizing a
semicirculer microphone array. The array was rotated around a verticel sxis to twelve different
positions during the tests thus providing a tatal of B4 measurement positions. The smaller
measurement surface, whizh yislded the "neer field" dats, consisted of a rectengular bhex surrounding
the aource at o dintance of one metre from the surface of the source. These mehsSurements were
recorded for a series of seventeen alr compressors, one broad-band reference sound source and ope
encleosed loudspeaker excited by three different pure tone signels, The complete set of data frop the
compressors was used to compute sound power level for aach of the sources to provide a test of the
validity of near field mensurements, The date were reprocessed using subsets of the near field data
in order to evaluate tho effects cf soopling errcr, These rezults are used to provide 8 portion of
the estimate of error of measurement, for various measurement methodologles.

. 2,3. Measurement Procedures

In this section we discuss the measurement site, the data acquisition and analyais
instrumentation, the date reduction procedures and the detailed test procedures for taking "far field"
and "near field" sound pressure level data. In the following, the term 'far field" will be used
without quotes to denote the 7 m radius test data, while "neer field™ will be sinilarly used to dencte
the memsurement at L m from the source surface. In 5o doing, no elaip i3 made or intended that these
data are, in fact, in the acoustic far-rield or near-field, respectively.

2,3.1, Measurement Site An agresment was reached with the U, 5, Argy for utilization of a hard
surface test pad at Fort Belvolr, Virginia, for the data acquisition phase of this program, A plan
view of the measursment site 1s shown in Figure 1. The test pod consisted of a 27 m. dinmater
conerete surface, of roughly conical nhape pitched to a drain (which was covered with a 6 mm thick
steel plate throughout the tests) in the center. An estimate of the half-angle of the cone i 89,29,
An annular-shaped rolled elay arew of asbout 60 m total diameter, surrounded the test pad, and provided
incrensed clear msrea, Thia e¢lay swface varied in elevation from @ to .3 m below the aurface of the
conerste test pnd. The nearest major reflecting surfaces vere 4 one-story corrugated steel dullding
about L0 m northeast of the test pad, end the test esguipment truck locatad about 50 m southeast of the
test pad,

Other significant topographic details within & T5 m radius of the center of the test pad included
a creek bed spproximately 30 m south of the test site whooe surface was 3 to 5 metres below the
surface of the test pad, and a tree covered hill to the northvest of the test site which had o slope
of 20-30°. The photographs in Figure 2 present views of the site from the south edge looking north
and from the weat edge looking eust. .

A pulse echo test, using the equipnent shown fn Figure 3, was used to quantitatively evaluate the
effect of reflections. The worat case reflection, in the fense of poorest direct-to-reflected signal
ratio, 1s that which returns to a point behind the malor lobe of a directive source. A 10 in,
diameter loudspeaker in an "infinite" buffle enclosure wag used to simulste o directive source. Tone
bursta at octave center rrequencies from 125 Kz to b kHz vere used to investigate the strength of
reflections in twelve directions at 30° {ncrements in angle around the test site. The one stery
tullding was found to produce significant mid and high frequency reflections, end was covered with s 3
in. glaas fiber, building insulmtion, absorber {shown in Figure 2). With this modification, the
strength of reflections vas more than 1548 below the direct signnl at 180° behind the loudspeaker (see
Table 3,19 for directivity information on the loudspesker at 500 Hz, 1000 Hz sand 2000 H:). Since the
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Figure 1 Field test site

directivity of the other test sources wes found to be less thah or equal to that of the loudspeaker,
this leads us to atate with confidence that the contribution of unwvanted reflected signals was
tegligible at all test frequencies st all microphone positions,

The acoustic amblent of the test site was determined by three major scurces =-- steady traffie
nolse from o Lour-lane interstate highwey approximately 1 km scutheast of the site, alrcraft and
helicopter overflights from nearby airports, and rural faune (principally birds and insects).

2.3.2 Instrumentation Figure b shows a achematic block dimgran of the instrumentation used for the
neasurements reported hgye, The eight microphone channels each included & l-inch diameter Bruel &
Kjaer (B & K} Type k131 condenser microphone cartridge with standard protection grid (fitted with e

?Jcomercinl instrumenta are identified in this report in order to adequately specify the experimental
procedure, In no case does such identification ioply recommendation or endorsement by the Hational
Buresu of Stundards, por Jdoes it imply that the oquipment identified is pecessarily the best-

available for the purpose.
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&) Seuth edge lecking north showing far fleld arrey in place (test no. 9)

Figure 2 Photographs or test npite
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b) West edge locking east showing near Iield microphones in place {test No. 11)
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Figure 3 Equipment configuration for pulse eche tests of .
tast site

desiccunt dehunidifier to control humidity in the mierophons cevity} and 10 em diameter polyurethans
foam winds¢reen, with B & K Type 2610 FRT cathode~follower preumplifier. Each pair of chonnels vas
driven by a battery-cperated power supply. The aigral from each chennel was red to a
computér-controlled multiplexer (NES designed and fobricated} which was used to electrically swiich
fram one chanhel to another (over the freguency range 20 Hz- 20 kHz, crosstalk betveen any twvo
channels is greater than ~65 dB, and channel gain is 0 dB * 0,2 éB), The signal from the multiplexsr
wea transmitted via coaxinl cable to a B & K Type 3347 real-time one-third-octave band anolyzer whers
the signal was analyzed in A-welghted, linear (2 Hz-20 kHz) and cne~third octave bands frem 12.5 H: to
20 kliz. Output from the analyzer, ip the form of digitally coded scund pressure levela, wag Sent on
demand ta a Raytheon type TOL minicomputer for manipulsticn and storage. Control of the computer wias
accowplished through an initial data acquisition and reducticn program, with system operator
interaction through a CRT terminal.

The signal being proceased was continuously monitered, both audibly through s headset, and
visually through the spectrum displayed on the analyzer. If (o) non-statiomarity of spectra on a
given channel, (b) significant level or spectrum change frem channel to channel or, (e¢) non
eharacteristic sound in the nudible monitor wans obaerved, the duta proceasing was interrupted and the
caune investigated.

Using theses techniques, aircraft overflights were typically sensed prior to a viaible
identificatien, and stability and apeed of the compressor i{n operation were menitored ag well, thus
perzditting the operator to prevent processing of unvanted signals.

An eighth ricrophone was placed st a fixed height {+lm} and distance (slm) from the source for
both the near and far fleld measurezents. Thia poaltion was used as a reference to verily constant

source output throughout hoth tests,

Additional acoustic instrumentation included a sound level meter and cctave band rilter set for
recording edditionsl sound level data. Other {nstruments fncluded s vane=type wind speed indleator,
an optically-coupled tachometer for checking operating speed of the engine and fan, and a mercury
colunn thermometer for monitoring teat site temperature,
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Figure I Schematic block diagran of datn scquisition and
analysin instrumentation

2,3.3 Test Plan The memsurements on all sources were made according to the folleowing test plan,
Figure 5 shows the far field array, while Flgure 6 shows a schematic illustration of the nenr rield
measurenent positions referred to in the plan.

n) Assemble and check far field measurement array.

b} Load computer progrem and check.

t) Record frequency response of all channels for electrical pink nolse input.

d) Record chapnel response to pistonphone calibraticn signnl, If response between chapnels

difrfers by more than C,5 4B plus difference between microphons sensitivities, investigate problem

and cooplete repair.

e) Erect far field array.
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f] Record firat far ficld prbient nolse for first arrey position (all-:channels).

g) Record far field dotn for source (12 array positions).
monitored and no dates recorded when speed exceeded “Sm/sec.(l2 mph).
recorded when acoustic events occurred which were nat represented in the ambient nolse

mensurement (such as aireraft flyovers, ete,).

) Reecord second far field amblent noise, for first array poaitien.

i) Teke down the array.

J) Record second platonphone calibration,

%) Disassepble far field array and assemble near field array.

1) Record third pistonphone calibration.

m)

n)

Record firat near field embient nolse.

During these runa, wind speed was
Signal wugs monltorsd and no datu

Record nenr field data observing same limitations on wind and ambient nolse az in g) sbove.

o} Record second near field azbient noise.

p} Record fourth pistonphone ealibr-tien.

q) Disasgeszble and store equipzent.

MICROPHONE  ANGLES; % 2

ND. {DEGREES)  (METRES)

1 Mz 618 .73

2 %1 SN 403

1 855 283 633
: :gg 600 7.00

) an  san

c““s'-uﬁ;’;,;g; OLE § M2 g3 288
1 4T gos .58

MIC 1

Figure 5

(1)

Far-ficld messurenent array
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Figure 6 Representative near-rield mensurement pogitions

2,3,k Data Acguisition,

The incorporation of a miniccmputer into the data acquisitien systen permits considerable
flexibility in manipulating informetion prior to atorage, over that of the analyzer operazing alone.
The data acquisition program was structured %o facilitate this, COne pajor ares where this faclility
was used was in the srea of sigpal integration.

The digital coded signal avnilable from the analyter ropresents the R=C integrated sound pressure
level rounded to the nearest 0.2 dB. Three R-C integraticn periods for the filters nre provided in
the analyzer, referred to by the mapufacturer as "sine”, "fast random" and "slow randorm”,
correaponding to nominally 0.2 second, 2.0 second and 20 second integraticon times., In che first two
mdns, the fntegration time constant is varied with frequency at low frequencies to maintain
confidenze levels of the same order of magnitude. For direct display of nolse date extending to low
frequencies, the "slow random” mode, because of its long integration time, should be selected in order
to provide dats with maximum precianion. In order to abteip data which are not affected by sturtup
transients, it is necessery to walt a period of 5 time constants after presenting the signsl to the
annlyzer, prior to recording data. This implies that, petr measurement, 8 total observation period of
120 to 140 seconds should be allowed for noise signals, Our measurenent program included as many ns
175 measurements per scurce, which would require about seven hours of cbservation time to complete.
This situation forced the evaluation 'of alternate methods,

After some experimentation, the procedure finally selected invelved using the "aine" time
congtant and summing repetitive samples {30 samples taken at one aecend Intervals) to obtain an
estimate of the average level, While performing this procedure, the temporsl varience of the signal
vas alse eomputed, permitting additional inquiries into the temporal "quelity" of the signal. The

9
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algorithma used for these computations were as followa:

pelL) = Antilog (SPLL1)/10}

— n
7 S

i=l
n _ _ (2,1}
2, ) R0 - B (e P2
1=l
1 = 2,412 n
ol ey rpa)z - {p"(1}) ey
7z
AV SPL * 10 Log, , (p°)
where SPL{1) fs the ith sarple of sound pressure level in a band
pe(il is the ith mean-sguare pressure in the band
pa is the average mesn-square pressure in the band
sa ia the estimated terporal vsriance of mean-square pressure in the band normalized

B bty the mean—square pressure squared.
AVG SPL I8 the overage sound pressure level in the band,
The ohaervation time is thus the number of ssmples taken times the tlme hetwsen ssmples. Allewing

five seconds (5 tize constants at lav frequencies) prior to the atart of data zequisitlon gives a
total dota acquisition time per measursment point of 35 saconds (considerably below that required by

the "slew randonm” mode). Table 1 shows the results of some sampling tests using slectrical pink noise

as 8 source., The Tirst line of the table shows the average standard error cf the measured pmean
voltage level based on eight deterninations of the mean using 30 gnmpleu per observation, The second
line shows the pooled estimate of normalized tetporal varisnce (s- eq. 2.1) cbtained ir separate
tests (total nunber of samples = 2508), The third line shows the'cemputed atandard errer of a
determination of the mean from the temporal variance values using a propagation of error formulation;
i.a.,

13
2 —
AVG SPL ® 10 Log Zﬁ-inﬂ . -:173-3 10 Log e’
1l ¢

'\ VARZANCE OF (p°) )1’2

(pzya {2.2)

Y] T "0,

As might be expected, the standard deviation of levels computed {rom the mean values rounded to
the nearegt 0.1 dB 15 typieally larger than thet estimated from the temporal varfence of the signal,
aince the latter valuea Are known to a higher precision.

The valuez of line 3, Table 1.1, represent our current best estimate of the standard error far

the sampling procedure for sound pressure level., However, because of roundoff error in the display of

sound pressure level, the lover limit for standard error should be taken sz 0.1 dD for A-veighted,
linear, and 1.6 kM: through 10 iz one-third octave band sound pressure levels.

Ho gain change corrections were made in the instrument ayatesm during dats acquisition, but rather

the overull oystem gain was determined from the pietenphone calibratien, The precision of this
calibration is estimated to be #0.1 dB for comperison of relative levels between chunnels or runs.

10
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TABLE 1. INSTRUMENTATICN DATA

1.1, Sampllng Procedure Evalustion (see text, Secticn 2.2.L}
Pinx Noise Excitstion, "Sine" Time Constant, 30 Samples, 1 sec. apart.
Etght Repetitions

Frequency/ 12,5 16 20 25 3.5 Lo S0 63 B0 1oo 12§ 160 200 250 1%
Weighting A-wt, Lin, 106 500 830 Boc 1000 1250 1600 2000 2500 3150 LoOO 5000 360 BOOG 10DGD
Stendard error - ) T B -
of mean .23 .32 .25 .ho .21 .21 ko 18 28 .28 .25 .} .21 _.25 18
Yalue {dB) .05 07 T AT TR TSI i lo Ty i oy Tl W T.1e a0 .10
MHean Value of
Normalized
Temporal
Verfanco (11 11 .16 .050 .08l L0R2 .00k .oz% (078 .079 000,001  .085 .068 .08
{2800 samplea) 0028 .0l10 .OLG .03% ,027 .023 .01 .03 .0l .00BT .0C50 .0OBS .GO4T .00LE 0030 .002§ L0220
Corputed

‘ Standard error

! from Mean Value .25 .25 .25 .gh .23 .23 .24 .22 .21 22 .2k .2h .23 21 .10

1 _lg 713 32 .10 .10 050 .C75 075 063 .05k .OSL L0L3 0UZ 035

of Varimnce {dB)| .042 .07T8

1,2, Frequency Reapenoe Correc ica!

, 12.5 16 20 25 .5 _Lo Eo 63 a9 108 12 160 _200 _2%0 315
: Factor/Froquency {a-w.. tan, Lgo Soc 830 EEjo_luou 1250 1600 zo00 2500 3150 Loo0 5000 630G Booo Jocag
gysten Frequency =f 3 =3 mlcz 2 2 2 4 3 b 2 .3 8 sl
: Response 0 0 S1=2 "o T2l X L S - - - = -
: Correstion (&B)
Mierophone plus
: Syatam Frequency
i ' Nespenoe Corrections
; {1500 Hz =~ 10 kiz)
! Channel 1 ' - A e - B .3 W5 .5 Lk 12 Lk 3 WA =2 -8
f Channel 2 - =m wem == 4,2 L7 210 L. W .2 4o=2 2.0
! Channel 3 —— == e © .2 .5 .9 L5 13 .5 3 .7 M -3
i Channel 4 . e w= e #1 A 610 L5 23 .5 L) 6 =2 «1,0
Channel § - ww = e 6 .3 6 1.0 6 213 .S oL B W2 =
1 Channal 6 e wm  mm e =2 1 b4 LB 2 9 B R ) P B - -
i Channel 7 o= == == .= #1 4 B 12 8 LT lo 5 .9 0 - .5
)

?.3.5. Datn Beduction and Coyrrections

The rev data {consisting of indicated sound preasiure levels) were corrected for four blas effects
which included

ru———-'—.-‘*_._.-_.

Measurement system {other than microphone eartridge) frequency

3, Microphone cartridge frequency response
2, Measurement Bysten gain calitration
kN
Teaponse
L, Influence of background noise,

The micraphona cartridge {requency response was determined by measurement of the free field
norpal incildence frequency response (with vindscreen in place) in the small NBS aneshelc chapbver.

{The frequency response with the windacreen vas significantly different from the fraquency responic
without the windacreen. See Figure 7.}

The measurement system gain calibration was perrnmd.sepnrntely for each channel for both the

far field and near field data sets.

The value used was the average of the before and after

piatonphone calibrations for measurement.

The range of the before and after celibrations was 0,5 dB

or less, with a typical value being 0.2 dB or lesa.

11

Aoz A iy A A e = s 2%

Nl s b AT e o 4



The measurement system frequency response coelidration waz mude wsing electrical pink noise
excitation Eeparately on each channel (flat spectrum within % 0.1 d¥ in 1/10 oectave bands). This
calivration, performed at ths lLeginning ond end of the measurament serius, was found to be identinal
between channels within the accuracy of the calibration for the frequency renge 12.5 Hz-2 kH:. The
variations of frequency response above 2 xHz vere incorporatéd into the microphone freguency response
correction. The calibration is based on 400 samples per chanpel, und i3 accurate to within +0.1 4B,
Table 1.2 provides the frequency recpense calibrations used,

Correction for the influence of hackground nofse waz made mare diffieult by the fact that velues
could not be simply deleted ({f in error, because of programming difficulties created in sound power
lavel corputations., As a result, the measured data were corrected and coded for valldity eceording to
the following scheme. The background noise used iz the average of the before and after measurements.

Differance between
aignal and
beckground {dB) Correction Code
»20 Hone None
20-3.0 Standard Correction Hone
to neoarest 0,1 4B
2.9-0.0 SPL = SPL =-3dB —
<0 SPL = O 0

For cases where the band lavel egqualed tha lower limit of the display acale, the level was also
set to zerc., Use of the coding will be further discussed under sound power level computations,

There vas a need for a further correction ta the neer field data, due to the fact that the
frequency response of A microphone to a sound pressure {ield at high frequenciea is a function of the
angle of incidence of the sgund field. Thia is of little or no significance in the far field
measurement since the angle subtsnded by the source at the measurement pesition Is relatively small
(half sngle on the order of 15° or lesa} %o that, for micrephones directed at the source, incidence
perpendicular to the diaphrags can be assumed.

For the near field cage, the microphone is not necessarily directed atv the principal sourece, nor
is the angle subtended by the source necesanrily small, An expresaion which is appropriate for
determining the true pressure 1f the distribuction of intensity as a functicn of angle is known is

p . ﬂr(o ¢) SinGdo d ¢
true m“""dfﬁ{a.e)g (0) Sino de ds

{2.3)

where 1(0,4)} is the scalar magnitude of the intensity at the angle 0,4 from the normal to the
- microphone.

g(B) £s the microphone fractional respanse for plane wave incidence at the frequency f and
angle @ from the hormal to the mierophone (nssumed to be symmetric nbout the nermal to
the microphone}, defined by the free field response of the micrcphone to a plane wave
at the angle 0.

M{8) is the free field response of the microphope at the angle 0.

Pigure T provides a plot of =20 log g{®) versus frequency. Two of the curves ara manufscturer's data
for the microphone cortridge with protecting grid and no windscreen, Two curves represent deta
neasursd at NBS on one of the microphones with e windscraen.

While it would be desirable to make a relatively exact correctisn for this effect, it is also
clear thet thia requires much more detailed Snformation than is availzble ([sueh az Alstribution of
intensity with angle as a function of fregquency at eath near-field microphone pesition for wach ’
compressor, and microphone directional characteristics throughout the range of angles), In lieu of
this exact correction, and in order to place bounds on this error, let us try fo find sn approximote
correction which might be applicable (in an average Sense} to all the compressor data, One possible
form for Buch & correction is to postulnte & correction nt an "equivalent .ongle of incidence” for the
intensity, whieh ig the same on the aversge for all microphones, defined by:

12
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ffx(o.gLsxne 40 dg
]f:(o.uga(o) Sind a0 dé¢

1/8%(0,) =
{Averaged over near fleld
microphene pesition, cources
and frequency)
Under the assurptions of small angle (such that ain2X s Xe). sphericnl source and measurement surface
shape, uniform distribution of I(0,¢) over solid angle subtended by the source, micrpphone directed nt
the center of the scurce, and 2 weighting function of the form g{G) = 1/{1l={ka/Ialn®s} (a=nlcrephicne
radius), which fits the dato of Figure 7 up to 10 kH: within 10%, it can be showa that
. . .
8, =9t 4 {z.5)
whepre ©' {a the half-angle subtended by the source.

Bince the average lipear dimensilons {(1,v,2h) of the sources are In the range of Z to 2.5 & the
subtended half-angle is in the range

arctan (%/l) £ 0 5 arctan fz—éilll
or k5% < @ < 55°

0% <o, < Lo°

60~
£
S MANUFACTURERS DATA 30° WITH PROTECTING GRID / .
50p o e MANUFACTURERS DATA 60° WITH PROTECTING GAID %
ommyfunn. NASMEASURED DATA 45°- WITHPROTECTING GRID
aok AND WiND SCAEEN
) s NS MEASURED DATA 0°~ WITH PROTECTING GRID
AND WIND SCREEN /
- b
e
A 118
o 14/
N
[}
-tk
| S (SRS SUUY SN NN TR WUNNY N NENUON S AN R TR NNV SRV WY RN SN TN AU SO R |
[¥] 115 250 500 1 F L] Ik 16k

FAEQUENCY, Hr

Figure T Microphene correction factor (Type LY1L5 cartridge)
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Thus when comparing near and far field sound power level data we urge that the near-field data he
corrected by the amount shown In Figure 7 using the curve for 0=30°, This correction will pot be
applied to the datn a3 presented as sound pever data on an individual machine,

In pasaing, we note that using the same fi{gures for o 7 metre microphone position, we find

' 0, far-riald) < 1°
and using the analytic ferm of g{0) given above
-20 Log g{B,) 2 0.1 d8

throughout the frequency range of interest.

We further note that this problem cap be minimized by usinz o smeller microphone. With &

half-inch microphone, for i{nstance, the curves for g{0) are shifted one octave higher in freguency,
that the eatimated value of the correctien would be less than about 1.0 dB8 et the highest test

S0

frequency, Unfortunately, such microphones {with dehumidifiers) were unavailable during these tests.

2.k, Description of Compresscr Sample

Table 2 provides descriptlions of the pertinent parameters of the individual gources tested,

In terms of the relevant mcouatic paramaters, the sample was Iintended to complement tests by
others(4]. The total compressor semple (including these ond other tests) ls a sample reflacting
aeveral factors according to current economic data on the industry as previously compiled{5]). fThe
factors which determined the ralative number of compresscrs in the sample were as rollows:

a) Manufacturer: weighted by estimated share of air compressor market,

b) Corpressor type: weighted by estimated number of units produced,

c)_ Compressor size and power source: weighted according to estimated number of units produced
each of five rangea:

1. gas, T5-12h4 afm
2. gas, 125-250 cfm
3. dieasl, 125~249 e
4. diesel, 250-500 ofm

5. diesel, over 500 cfm,

Our portion of the sample conaisted of smaller size machines vhich were more readily transportzble to

a commen test site while other tests on larger machines were more conveniently teated at the site of
manufacture.

The test sample hna the following parametera.
n) A total of 17 compressors.

b) Three reciprocating compressors of capucity 100-200 ofm == one gasoline-povered engine, tvo
diesel-powered, none guiated,

c} Saven rotary screv compressors of capacity 85-185 cfn =~ five gasoline-powered, two diessl
Fowered, four quiestad.

d} Seven rotary vane campressora of capacity 125-900 ¢fm -~ three gascline-povered, four diesel
powered, four quieted.

t) Seven mapufacturery represented; nine gasoline engine pawered; eight diesel-powered; elazht
standard, while nine vere guieted by the manufacturer; total capacity range 85-900 crfm.

All compressorz were obtained through rental in the Washington, D, €. metropalitan area, und were

tested a8 received. Age of the machines varied from new to 1400 howrs, with mest in the range of less

than 500 howra. No sperlal preparation by the manufacturer was made that we arve aware of.
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Teot|loninal Com- Type®
pressor/vel-!

Ne.
ume Flow/
Rated
Pressure
{ctm/pad)

|

185/100
150/100
160/100
150/100
R00/100
100/100
160/100
125/100
365/100
9006/125
100/100
175/100
175/100
185/1.00

O erd WA F L T

[T
TuwRnEo

115/100
85/100
150/100
NAt

Y
BhRE

|7
o

KA

—

POUMn <SS SDym

Engine
Mell,
No, of
Lyl.

o/l

:D/8

& Bwheaiprocating comptessor
EmRotary screw compreasor
Vefotary vane compressor

MM T0 b+ 203 - P b b b B g ba -

D D =3 =l ) =

TABLE 2.

Engine
Speed
I(rpm)

Size of

Enclosure

{L,¥.H in
metrea)

8..

-

e a s
e o+ pra

- - -
FPHEP R o b

A TNl i o] O W
CooOCWLARATRBLE NS
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0= AW WD W O

e
IR
On Fzan

n
-
wn
S

l.50..50.1.25 l HA

i

8 GaGanoline engine
D=Diescl sngine

2.5,

DESCRIPTION OF SOURCES

! Stan- Notes
i dard 1
h Vs.
Quieted
s *
s L eyl. in-line block
Q
5 1
t 3 18 eyl. v-8 vlock
I s ‘k eyl. in-line block
]
&
q 20 blade fan & 3800 rpm
| $
s
tq
<
‘ S CGoverned at less thun
! rated speed
t 8
5
5

Broad tand refersnce
tsound source
- 1+25 @ é¢ia, loudapeaker

Engine Cooling |Usage
Firing,Fan at,
Freq. i Blade |Stars
(Bz] 'Pmasege|of

Freq. |Teat .

(Hz) [Houra)
78 Egt,240 | KR
38 'Eot.2k0 (1011
NRtt 300 | MR
i3 300 | 547
116 . 2101 6.1
35 1501 NR
15 | 2251 2.3
] 25011%.5
120+ 1267(1L.8
280 07, 1.0
T2 250 ,1LL0
T4 235 '1086
153 250! MR
73 280 176

I

72 250 398
66 ; 230 |1300
100 300 ) 267
Ha : feew
.|

i

| l

ThAsliot anplicable

(ompressor Operation

{tone aource) center-
line of apeaker 1 m
above graund

1tliRwlint recorded

The major prcblems associated with compresser operation for these tests were providing for
acoustically controlled discharge of the cerpressed air, to assure insigrificunt contribution to the

nepsured noise, and ensuring constancy of operuticn at rated capecity.

Diacharge air from the compressor was fed through & 30 m length of commereial high pressure

rubber hose to s commercial automobile muffler, where it was discherged to the atmosphere,

The

muffler was placed in the creek bed (see Figure 2} so that the bank of the creek would provide

shisdding of the discharge noise froo the teat site.

Measurepents of octave band sound preéssure

levels near the discharge vere pade for each test, and extrapolaticns of the measured levels, assuming
hemispherical spreading and igroring ahielding, indicated that the dlscharge noise from the muffler

was more than 10 dB below the corpresscr nolse st all measurement lccatlions.
one hose line and silencer had to be used o cicommodnte the compressor volume flow,

In sore cases more than
Far the twg

larger machines (tests § end 10) & blov-down silencer of undetermined manufecture {chteined frem the

rentel source), and large di

arrangement.

The operating point for the test was the condition of the compressor supplying rated flow.
condition occurs when the corpressoy is copersted at rnted speed and pressure.

ameter hose was used in place of the above plr discharge ailencing

This
Establishment of this

point was zmode aimpler by the fazt that mast of the compressora had an engine speed goverpor which

cperated oh the difference between recefving tank presswre and rated pressure,

Rated apeed was thus

chtained by throttling the flow of discharge air until the compressor held a constant receiving tenk
‘pressure near roted pressure (as indicated on the compressor air pressure gauge) and verifying thas

the engine was operating at rated speed {as measured by an [ndependent tachcmeter).

At this point, &

reduction in air flow will be followed by & reduction in engine spaed (for a proportional controller),

wvhile an inerease in air flow will be followed by a reduction in receiving tank pressure.

Thia

operating point vas eaazily established once the compressor had been operated for 15-20 minutes und
conditiona approached a thermal stendy-state.

Once at this point, engine apeed could he monitored within sbout *50 rpm by inapectlon of the

displayed noise apectrum st bands neapr the engine firing rate frequency.
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t¥ypically excited one or the other of the adjacent bands in ndditicen to the band zentaindng the tone,
the difference in decibels between these tvo banas could be taren as a sensitive {ndicoter ot firing
rate frequency. This procedure can not be used If the apectrun of broad tand niise {3 within Y0di 2r
a0 of the indicated tone level in each band. In this case, engine speed was monitored cudibly, with

frequent tachometer checks.

2,6. Meagurement Locations and A-Weighted Sound Level Data

2.6.1, For Field Measurements
.

The far field sound pressure level datn were tgken using the array shown In Figure 5 (alsoe
vigible in Figure 2a). The seven microphones were located on nominal che-hal! rmetre jong stundefn
from & remi-circuwlar arc construcied of steel pipe and tubing. The arc vas supported r'ron above by
twvo cables from the carc center to poles located on the engt and west edge of the test pad, The endsg
cf the arc were supported on cgsters to facilitate rotation., Positioning wes sceomplished by pins st
the end of the are vhich fit Iinte holeg drilled {n the tonerete test pad, The raximus redlel
positioning error of o microphone in the array is estimated from somple remsurements of positicns o
be less than *+ 0.1 m (1.44) including all arrey positionlpg effects sutn =3 changing arc shape from
change in proportion cf weight supported by overhead cobles., Angular gesitioning error ls estimuted
to be leas than #1° in beth szimuthal and pelar sngles. In terms of inverse squars gpresding, the
rodial errer translates into a pessible error in sound precsure level estimation of less then » 0.l
d8, per cbservation. Since the prineipal source of radianl error arises from change of shape of the
arc =~ which leads zo positive errors at some poaitiens while there are negative errors at other
positions =« this scurce of error is belleved to average out in the estimate of paver rether than
produce A systematic bias. The angular positioning error leuds teo random gampling on the
hepispherical surface ({.e., irprecisicn in directivity) as opposud %o & systepatiec blas Ip scund

power detercination

In oddition $o these array data, ootave-hand sound pressure level datn were 818 taken using a
hand-held scund level meter employing a modified form of the present industry methodelogy[£]. The
intept of the NBS Far Fleld methodology {nitially recommendsd wo EPA was <o provide an upper beound
estimate of sound power level based on measurements rade at alx leeations. The slx loecatlons inslude:

1. Four positicns perpendiculer to the center of each side of the
cozpressor at a distance of 7 metres from the center of the compressor (data taken a% the
elevation in the range 0.8 to 1.4 » which ylelds the higheat A-veighted scund levell.

metre radius zcdrcle

2. One locatlon et ap slevation of 1 metre sbove the ground, on
sound level,

e
centered on the machine, at the logetion giving the maximum A-welght

vne T
phuai
3, One locatisn directly ahove the center of the corpresssr, at g hel

ht o' seven metres above
the gound plane (data from cicrcphone four of the array wus used for this

£
hia leeation). ,
The data, using this procedurs, wers taken in the same time interval a2 the date fron the
far-rield array, and are reported here ay "Far-Fleld HethodologZy" data, Fer=7Tield arrsy and
nethedology data were recorded for the seventeen compreasors, and also TWe Known sQurces, &
i{nvestigate the effectiveness of the far field test procedures for thess gsurcea. The firsy of these :
wag a broad band "reference asund scurce” comsisting of an electric moicr-driven centrifugal fan with i
eylindrical syrmetry, vhich is nominally omnidirectional, The second scurge was a 0,25 m diapeter '
loudspeaker, mounted ip & 0.4 & cubical senled baffle, The baffle was liz2%ed at the center of the :
test pad with the loudspeaker axis horizental, 1 n above the test pag, pcinted uat approximately 220 !
degrees from north. The spesker was driven in different tests with tones of 500 Hz, 1 kHz and 2 pH:z.
The principal purpase of this test vas to give exarple data of the messuirenent problen associated with
tones,

dw ™

A tabulation of the A-veighted rfar-field sound level data 18 givern % Tables 3.1 to 3.10. The
"Far-Fiald Data" are given in tabular form in the form of a directivity pasters, with colimns
corresponding to azimuthal angle frem 0° to 330° from rorth (comprenscrs were aligned on the test pad
with the tow bar pointing nerth and sides oriented in the north, east, scuth and west directional.
The "Far-Field Methodology" data are given in tabulsr form underneath these datn. Also given ia the
A-weighted sound power level computed from the fer-fleld and "far-field rethodologmy™ data, for
reference purposes (see Section 3 for eeleulaticn procedures). The sownd level corresponding te the
AVerage menn square pressure over the hemisphere {frequently referred tc as the "energy average") moy
be eslculated from the sound power level according to:

Lp(r) = L, - 10 Log 2rrt

L, 1s pover level, dB re 107 %800 .5
L~ is the sound pressure level, d¢B re 2,10 ~ paseul
is the radius of the hemisphere, metres
A nominal value af impedence equal to L0D miks rayls ia ausumed.
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At seven metre recius, the average A-veishteﬂ sound level thus is
- 2L,
LPA{ m} = L%-'A 2L.5 dB

2,6.2, HNear Fleld Messurcpments

The near-field dats were taken using seven micraphone channela with slx of the nicrephones
mounted on tripods, and the saventh Suspended from & "tkyheok" forred by the suppert contles used to
position the far-field micrephone array, Flgure & ahews representative measurement positlons on o
mensuremant surface. The microphone positlops were determined according to the following ruies.

l. The meagurement surface was & rectangulay box of dimenzions

LxWxHwhere L® £+2, W a wel, H = k+l and where &, v and h are the leéngth width and helpnt 27
the compreasor exeluding tow bar, tires and fendera, and other small prejecticns with linear
dimensions less than 0.5 metres {such as exhaust pipes, ete.). The four vertical plane surlucet
were located &t distapnces of +L/2 and +¥W/2 fron the geometric center of the corpresscr, and
perpandicular to the longitudinal and leteral cepnterlines, The herizontal plene surface was
located 2t the distance H above the refleciing plane, These surlactes are neminally 1 metre Iecn
the surface of o compressor with & rectangular englosure.

2, The microphone positions on the messuremant surface were located en a 1 x 1 melre square
grid. The grids vere located on the vertical sides so that & nmeasurerent positicn was on the
center of each side at a lisight of 1,5 metres. This grid lecation ylelds measurements positions
i at heights of 0.5, 1.5, 2.5 m, above the ground plane, spaced 1 n apart in efther dire¢tfon Irim
i the center of that side. The grid on the horizontal measurecernt surface was centered in the
center of that surfece, For all compressors the messurement positions near the engine exhzust

! vere displaced aleng a grid line to the closest point 1 metre froc the end of the exhaust pipe.

3. Microphones were oriented with the plane of the microphone disphragn in the plane of the
maggurement surface.

L, Neer edges or corners where pairs of measuremert locstions fren adjacent surfages were leas
. than 0.25 m apart, one of the palr (usually on the vertical surface) vas deleted.

The rectapgular messursment surface was chosen becsause It wos the oply surface being considered
by ISO werking groups on scund power measurenent standards, st the tige of the tests {Mey-July, 1574},

The lower half of Tables 3,1-3.18 titled "near~field data presentaticsn" presents the A-welphted
sound level data from these Tests in o format which facilitates relating level and positicn. lote
l that levels messured closeat to the ground plane are furtheat fram the center of the table.
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Table 3.1
A-WETGHTED BOUND PRESSURE LEVEL DATA
Teat Nusher ) Cogpreasor Output; 185 cfa

Engtoe/Compressar Typa: Rotary screv, e, dcandaesd
Copprassar Size: 1.97x1.28xl.4n

*e%  FAR FIELD OATA (T METRE RADIUS)
A MEIGHTED LEVEL (vé)

ANGULAR OQRIENTATIONIDEG) 0 » LT %0 1ze 150 180 210
MEC MEJGHT NUM  ELEVATION

{METAFS ) {0661
« 515 7 47 00.4 815 B82.4 40.06 01.0 Z49 83,0 84.%5
la725 i léat TO.4 79.3 79,8 B0.9 d0.& B2, HLl.5 4d2.9
2. 875 o 24.2 Thal 79.9 T9ed T9.4 80.0 8.0 79.9 82,17
4,025 ® 5,2 79,5 80,0 80«2 7T9.5 AD.2 H2.5 61.3 481.)
3,178 5 4140 T8.2 80,2 T2 T9.1 T9.7 42,1 T7.9 6.2
ba 375 3 45,7 7,3 7.6 T8.0 V8.4 79.% 40,7 83,3 80.7
T.000 & 90.0 ToaZ TaeS Toad Tbeb Thel T82 T5.8 Tbud

FAR FIELD METHUDOLOGY DATA
MEC HEIGHT  PDSIIION  LEVEL

(METRES b 108)

Oeb=]ets N 80,5

Q.8-1.8 E 4.0

Ged=1.h s 82,5

Oel=1.6 | 79.0
7.0 QvERHEAD To.2 [4¥G, OF M{C4 AQDVE)
1.0 MAx [ L]

#e A WEIGHTED SOUND PONER LEVELw (0%, 1 DB RE 1 PLGOWATT [BASED UN 73 POINTS)
KEAR FIELD DATA PRESENTATION
JULTAN DAY Laé TEST MUMBEA | ’
SNDRTH SIDES
n IN  CENTER 1IN H]
] [ LINE € E
MIC
MEIGnT
ad Wdded Q0.0 Glad G0, a0sen

1a5 #0848 6,1 Bbed H9:0 0

2.5 B SARAE 20l R OIS sRONR

SMEST 3iDEe 3.5 5006 NRRN0 AA0AE PRk s8I0
Hglgﬂl 0.3 1.3 2.3 3.5 sTape 3.5
3N NORTH ®80es. shdus sdsen S4dae SEass W04AS BAMN [ TYIT)
21 NORIH  ®esis aeden sosse 5.2 84,3 03, [TTYY]
1% NORTH  8%.1 &3} 90.5 02,4 84,5 fodse
CENTERLINE 08,4 83,3 setes 43.7 02,0 a&3.a assee
14 SOUTH 933 fish sa8e sress do.e 85.3 d7.3 senss
2M SOUTH 48984 48830 14NN slsee 89.3 90,4 89,3 FIYIYy
3N SOUTH #80aP 28488 satss sddie SE00 8 SREI0 Snds LIZT1]

3.3 4R E A0H0S FESEN FHASE GBUAS
. 2e5 84000 2000 K400 2580 se00p
be3 #0s8s 90,6 92.3 93,2 sasmd
o5 08008 Gi,4 93] 94,7 tseme

SOUTH S DEs

R i

o L

240 Zto

A2+4 THaA
806 1.2
ale0 17.08
Bled Tle%
0.7 17.9
T8ete 1t
Toe 15,9

EAST SIDES

23 1.5

[T T
s36eb 57,2
LLIY VR T 7% 4
ITTIT T

S2808 Mo

P88 s SRENSR

a0y

719.0
7.8
The 9
7.2
To. 4
To.5
Te.0

0.5
LT Y]
asner

92.1
92.1
9l.0

[ X121}

3w

0.3
9.4
7844
T9.1
17.2
7.0
Taes



T L ey e ee

Table X2

A«WEIGHTED SQUND PRESOURL LEVEL DATA
Tast Number 2 Corpresacr Output: 150 cfa

Compressar Sizer .73k 77xl.47m

ese  FAw FIELD DATA [T MEIRE WADJUS)

ANGLUL AR JWIFNTATIOMIDEG) a k14 [P LT1] \26 1%
MiC HEIGHT NUM  ELCVATIUN
(HE PR ES ) InEGE
HT5 1 L% Ba.v B5.2 B5.5 ouw.9 BT.0 douh
le 129 1 1444 B}.% bw.b B85.2 bésn 0b.en AT,
2. 475 & 2442 Hhe 3 dBel Bu.d Heeq 4.6 B8
*.025 ¢ 35.2 A5.4 dhew ES. U Bheu Bb.|l d7, )
TR EE] 4 4Tl Gbad tbeY E%.9 8%.0 Hhed BT.0
ba 3748 3 85,7 0.0 95,7 Hu.8 85,3 B3.7 bno,U
7+000 L] F0.40 Bha1 Bhal bB5.9 3%42 Hb4Y phen

FAR FIELD METHULULAGY DaTa
“i HFIGHT PUSITION LEVEL

{METUFS ) [ 11N}

Vet=lu & ] Ba O

Jel=lst E dba. 0

Jul=leo $ 90.5

Jeb-lat L] 26.0
Ta QvtwnEan Bbal (4¥Gs OF MIC4 adUVE]
1.0 MaAK 0.5

8 A WEIGHTEU SOUND POWER LEWEL=LIU.S UB RE ) PECOWATT

NEAR FLELD DATA PFESENTATIUN
JUL TAN DAY 155 TEST MUMAER 2

eNdeTe SINE®
2 Im  CENTER M FL]
L] L] LINE E E

L1117
HE IGHT

Wb SRSNE 95,0 Gkl V4,0 #eses
la #3088 Q1.0 Q3.7 93,4 sssae

225 S00ed 92,0 93,0 F2.0 seemr

SaEST SDEe 3.5 GBS R0 ES RSN H6Rae

L1194 s1Pe
HEIGHT 0.5 1e5 2.5 3.5

N NURTH eédan 8808 Bhees Shine sosin

IM NURTH ssbams LALIL AT ]Y ] S d b0 an

1M NOREH 35,8 93.6 03.7 ssses ¥2.9 9T.n 94,7
CENTERLINE 95.1 Jasd 4.2 setws 93.8 1005 Yua.d

L 5.0 100.1 TH.3

in SQUTH .G Ghal P44 »
24 SDUTH 58868 sanss S0088 sanis D TYTRTT YY)

I SQUTH W00 ddbae 0000 spdes dnadd dasa Hhdys

5 SOENN S3840 SUESA A8NRs Sesas
o5 4PR0 Yool U5.3 5.4 weess

a5 s9ses 5,6 98,2 99,0 #eees

«5 Memde Gi.e GHLT YW seen

SuuTr SIOE*

Engine/Cocpresnscr Typoifeciprocating, Cas, Standard

lod

Ao,
alaT
n?.3
CAFRs
ulel
LT
LYY

A WELURTED LEVEL 1)

P Tav &19 L] ERR]

G5 AT dwdd d2.d AaY
dus T déyu gled duen  déod
Go.l deen 337 Fk.d Bled
dbe¥ d5: T db5.d d9.7  bhes
4b.4 Bewd do.% 49T winl
doad 88,5 aw,1 a2 eusy
dhel dhed db.sw ubel duld

LBASED UN T3 POINTS)

EAST SINE*

3.5 2.5 1.5 0.5

BEBAE B00ES NANES HRiPS

A8 AREEE Saain AR E
e 93,9 94,2 in.2
serdn 95,6 Gb.3 9hel
ssssn 34,7 gL, 93,8
SL058 BROVES SHARD MBS R

SRR S0P SRENE Hbbbe




Table 1.1
A«WEIOHTER SOUND PRESSURE LEVEL DATA
Test Husber 3 Compradadr Quiput: 18D cfm

Engine/Corpreancr Typel Rotary vens, Disdal, Quistsd
Compreasor Bitel 2.07xl,1léxl.77m

#2e  Fad FIFLD UATA 1] ALU=E »adus)
A WENGHTED LEVEL tOR)
Lee

AMLUL AR D4 ESLAT I ENEG) [*} 3 LY a0 le&u 1Y FL L) FRA] 1d4
MIC A IGHT MM ELLvATIuN
(ML=l 8 thegl
1] 1 wel A2:7 44,2 B2ol als? H2:1 H2.A B3eh d4ley 8244 81T 4)ed
1e72% ] Lbeh dheTl 82.3 8147 RAUGE dle2 dlad d2.5% a2 4047 Wdal? T4
2e0T8 1] FLTY 4 Gled Ulev BULH HUe Y} bled 6302 d3el A2.o 92,3 8le) 0.4
4y 4 33,2 duelh lo.t wles aUsly 82,0 5242 bD0so B2e) Uded HUT dunl
LT R LY ] 4Tal 83e? H2.7 B2e5 A0 UleY d2.7 43.0 ml.l 43,2 dllt 32,1
Hauln 3 65,7 Ahed n24d dded Aled ELlyu Bled Bled H2ew ole5 ale®d 4140
Tatly L] ¥a0 Aead 43l 6340 426 B2ub 824 déet Aled J2eb d2ad  d240
Faa FLILD “eTrUiLUGY LATA
“IC WHILHT PCSITIUN  LEVFL
(METREN) to)
Tat=lats N “2.0
Ueheleb 3 Aded
Uatimlew 5 LLTR!
Jan=led L] d2.0
Tt OvERHEAD LI tAYU, UF MIC& AINVED
1.0 MAK &4e0
®8 & wFILRTED SOUND POWLR LEVFL®LJ%i0 Jr Gk | PICOAATT (dASED UN 73 PUINTS)
NEAR FIELL ODATA PAESENTATION
JULTAN DAY 134 TEST WUMOER 3
SMUMTH SIDEe
2n %] CENTER 1IN FL|
L] L] LINE F €
MG
HELGnT
o5 00aBe 4l,7 43,40 91,5 veese
le3 otses 4,0 YUb Wl,1 eses
2:5 ®vtea U3 4749 BA,) Vesma
SREST KINEe 1.8 SEANE SAGSD S0ER SRS Sekas EAST §108¢
L2 14 atpbe
HF{CHT 0.5 e 243 15 1.4 223 [ T * %]
3% NURTH Srets SRads 40088 ssdes A4S Shate spaes AREES PO UD aastk Sanss
N NURTH 89,0 08942 ded Benes 8008 d4ass Sisee 88080 pl.e BY.0 G,
Im Aunln 92,2 SU.U hde2 seees . 4.0 92eu @99 o888 Lhes 0.9  @l.b
CORTeHLINE 9242 G0.d 89,4 sssew Feo wdet F0.5 $s00n Y040 9.1 9148
14 S0UTH 92,9 %leo  GU,6 Sosse ¥led Yls8 B%.S *raer AYL0  Bl.h V3.4
24 SuutH 098 9.0 bGdetr sosse "85080 S00SN sbnse wssne HT.H  dY.5 HY.4
IM SOUTH Seder Ssate winss sisse eashe 22080 ABORN Qaded ABBBY suphs manns
.9 SORRE S0adN R0 ShbRs

bAdsl  B¥.Y db.G #ssse
143 wosds Q.6 41,0 .4 #908a
o5 e e Yhad Tleu ssees

UTH slDue

[P

FETT
Tht
olau
Mt
wlaey
alio
aded
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Tavle 1.4

A-NEIGHTED SOUND PRESSLRE LEVEL DATA

Tent Humber b

Compreanor Qutput! 150 cfa
Engine/Corpranmay Typa: Rotary screv, Diessl, Scandsrd

Corpressar Siter L.71x1,.74xl.40m

#sa’ FAR FIELD DAT& (T METAE Rapius)

ANGUL AR ORTENTFATIONIOEG) 0 10 1] 490 120
MIC HEIGHT  NuM  ELEvaTIUN
(METRES} (DEG)
o575 7 4e 7 87.8 A8.6 B7,8 Q7.0 B8B.)
1. 725 1 lhow 8T8 Hyal HTS BT<2 8144
24415 b 2642 87,9 yi.l ulsé BH.Y BT
4. 025 2 35,2 89,3 84.7 H7.3 wila? G¢dol
5,175 5 4.6 89,3 LyaT 8d.6 47.5 8.3
[ YR 14} 3 b7 BG,1 Hd9.5 HH, 3 HT7.8 Bf.7
7. 000 4 $U.0 Bbew dT«l  BH.E HEL9 HT.!
FAR FIELD METHINLUCY DATA
MIC HEIGHT POSITION LEVEL
{METRES) ira)
Dal=l.t L] 49,4
Uuob=l.tr E Bu.0
Cul-l.6 5 9.5
0ub=l.6 L] B85
Teld UVERHEAD B6.9 tavu, OF MICe avOVE)
1.0 Hax 92.0

s 4 WEIGHTED SUUND PUWER LEvELw=lliel UB RE 1 PICOWATT {BASED (N

NEAR

JULTAN DAy 157 TEST NKUMBER 4

ZH
L]
Mic
HEIGHT
YT
le3 Nodes
2.5 sese
SsuEST SIDEe 3.9 soese
L34
HEIGHT 0.5 1.5 2.3 3.3
N NOKTH 90080 a08an Sbadd S3bde
M NUATH *08as séase S0ab sébed
M NORTH Qued HB.] #2880 seses
CENTERLINE  95.0 97,9 seses srsae
1M SO0UTH 9008 9T7.0 #4848 sasen
2M SOUTH #0080 sssde Basab sedie
3M SOUTH S60d2 20008 3380t thibe
3.5 sk

2.5 mosan
1.5 #sdre

14 am e AV A e 8

FEREN TR A i B

FLELD DATA PHESENTATION

#NORTH SIDE®
CENTER IN

1L
"

P4
84,

LINE

E

44,7
4.8
da.d
9.l
H9.5
3.2
a7

2M
E

9.3 99,2 vesms

eé 99,4 100l HRews

ss08p
Yy Yy
Ve h
9b.b
97.90
apate

LATLL]
Assne
48.7

LLPES

LLLE S )
saa0 b

stnas

sene
ssane
100.8
toz,.L
1403

Khhas

(LI 2R}

IYITTY
lUlat
10243

LI 2T

"hpae
thede
8.4
93.8
.7
LRI Y]]

absas

dsbae
T
9.7

79.0

SUUTH SIDEe

XL T

[ XX 213

LY IR

aadse

hoases

sakss

a9.L
90.0
UF.8
0.0
a9.4
HY. 7
a7.1

A WEIGHTED LLVEL (Ob
162 180 210

d8.9
dd.d
tdl9
(LT
49,7
du. b
do, 5

T3 PQINTS)

3.5
seane

[ X1 T3

244

Uk
Ale s
a7.l
uled
ule?
dleh
87,3

2.5
(L2 L]
LITYT)
[TTTT]
senes
LRTY L
LTI 1]

[TIE 1)

2%a Jou
dbe?  Jpen
Q6.2 doek
85,5 dl.
w?e wlsn
dos9 al.l
dlee  dT.!
dbe 9 daed
EAST SINEs
[P} 0.5
sesdy bouad
LTI TR Y Y T
93,7 wa.2
8.3 G,
98.1 9T.4
csbes reamy
s2d0r ehen2

LK1

EY PN
dded
L1
diedy
dled
ad.4
LI




Taple 1.4

A=WEIONTED BOUND PREJGUHE LEVEL DATA

Test Nuzber %

Compramsor Qutput! 200 cfm
Ingine/Corpressor Tyre: Raciprocating, Dimsal, Standard

Coe|

rpressor Sizer 1,A3x,98x1,50m

#94  FAR FIELD DATA (7 METRE RADIUSI
& WETGHTED LEVFL [NAY
ANGULAR (IRIENTATIONTDEG) "} 30 [-1V] Hu 120 1% 180 2lu 240 270 3og
HIC HEJGHT NUM  ELEVATION
(MFTRES] |DEG}
«A78 7 (7%} Bh 3 857 Héyl déet d9.8 96,7 dben db.4 oo, B4, 2 B85.1
Laei2y 1 Lo ok 03,4 Hhet d2.9 J3e5 0he? BY.T 549 deu? ua,]1 238 d3,0
2087y ] 24l B3,0 dhel B0 3,4 B3ed U4.2 85,9 d5e) ddsl H2WT Bles
4,025 2 3%.2 B2« d% 7 8ay3 83,3 H4.2 85,3 8549 de.5 04,3 d2,4 di,?
S41TH L] 4Tt B2e2 BI.T 8B40 ed,0 B3eT L4s0 Heb dyebd BAH H24d 8Men
5.375 3 vS5e7 82,9 #lal HZed B2.b AZ4Y Bied B3l 8.2 82,3 d2.3 .9
1. 000 L Y0. 0 809 dla% 81,2 Bl.0 8la3 81.0 dlel HOL9 d0sb dJ+0 1045
FAR FLELD MEFHUOOLUGY DATA
HEIL HEIGHT pUSTITION LEVEL
IMFTHES) 1081
Q.f=1.8 ] a5.4
GeB=lat E 8%+ 0
Qeb=lat 5 a7.0
Qafi=]lut W 5.5
T.0 LYERHEAL 40,9 {AVG, UF HIC& AdOUVE)
1.0 MAK 67.8
#¢ A WEIGHTED S0UND POMER LEVEL#|Ud,9 OB RE | PICCGWATT [BASED un 73 POINTS)
WEAR FIELLD DATA PRESENTATIUN
JULIAN DAY a2 TEST NUMBER &
* SNUATH STOE®
FLS L] CENTER M FL]
] ] LINE E E
MIL
HEIGHT
2% teess 95,0 G4.1 Fh.b e
1.3 senss 94,0 §3,1 91,3 stame
2.5 seans A9,5  29.8 90.0 seses
anEST SiQEe 3.5 eondd P2bEn Sssas FRRAN Shdes EAST SIDEW
uit 30
HEIGHT 045 1.3 2.% T8 3.5 2.5 L5 0.5
AM NOHTH #8060 aosss 40 ésa 1] [T TY R YT YY NI IY L) SEAAN DRRES SO0 ANSES
2M NOATH 93,0 93.8 89.5 sénse ERRE BAMES NOBAS 8880 Gl.3 2.0 k.8
IN NURTH 974 G4el 85,9 srans 0.5 8.3 90.5 d0ens ql.0 95.3 0.7
CENTERLIKE 94+8 93,3 89,9 sednn 90.4% 09.3 90.4 *es0e 90,9 93.7 9e.)
IN SOUTH  94.D0 96,1 90.7 sseas G0.1 d7.7 90.7 Aseds 0.7 9).9 9b.8
24 S50UTH  91a5  92.T 918 sesse B804S sasen dE0Rs senne 90,4 92.7 4.1
34 SOUTH ®e8es sadan ed0ds Hesip AEBOP GBdBA PRSRS AROB8 AdPsw SE0EN ABRAS
3. A0and NAE0E RRANE 0000 BRisy
2.5 seted  §0.8  89.2 9043
125 dseed Q3.4 93,7 93,3 sdsss
ol deess 05,7 Q5.4 h.2 Sesee

S0UTH SIDES

b e e i e

3N

45,5
ad.?
Baal
dhgd
8.0
al.d
Bue?

B R e s TSNP T FR-Y




* Taple 3.6
A=WEIGHTED SQUND FRESSURE LEVEL DATA
Test Nugber 6 Cocpresnor futput: 100 efn

Engine/Corpreaaor Type! Reciprocating, Diasal, Standerd
Corpresser Size: L.52x.67xl.428

sar  FAR FLELD DATA {7 METRF RADIVS)
A MENGHIED LEVEL tDA)
150 140 2t0

ANGUL AR ORIENTATINNINEG) 1] o ad an 120
MIC HEIGHT MuM ELEVATIUN

240 270 dud 13y

IME IKES) {OEG)

375 7 “ T dée 0 34,9 5.1 Beed d4.] #5.3 dbe9 Bhed HR,Y B34 dT.] 44,7
le?2% t l1e.4 82,23 83,0 #3.% A2al B2.7 H4,2 83.5 B2 d d4ed plew  dbeG aded
2+ 875 & 24.2 Ale B 8246 Bl.4 Bled 08342 be.sy 45.3 d5.2 807 21,3 4347 43,2
4,025 H 8.4 8}.3 A28 d42,7 d3.0 83.9 b5,0 8%5s] déa9 A4eH dI6 Al wlew
5. 175 5 “Tet 82.2 83,2 83.8 fAasl Be.)l £3.9 B4sl Ba.2 ulh.l 84,d ESe? Ad.2
4,375 k| 65.7 B3y B39 05,6 b83el 82«8 B3.B Beeb G¢e0 83,5 ddd 2240 dd.9
T.000 [} 90.0 82:.2 ola? 9303 U241 E2.7 82,1 82,0 #1.3 2143 Hl.9 d2.7 uZed

FAR FIELD METHOULOLOGY DATA
MIC HEIGHT  POSITION  LEVEL

tMETRES) [t

Qul=14b N 85,5

Qal=1sb 3 b0

Gel=1.8 1 8.9

0uB-14b W 85,5
7.0 OVERMEAD o2 2 [AVG. UF MiC4 AgUVE}
1.0 LIt 28.0

#% 4 WEIGHTED SDUND PUWEA LEVEL#LUW.0 DB RE | PICOWATT [OASED ON 73 PUINTS)

NEAR FLELD DATA PRESENTATION

JULJAN DAY lod TEST NUMBER & .
®NOKTH S[DES

! 2 UM CENTER M H

w L] LINE E €
Hic ‘
HEIGHT
W5 SERRE 4.5 94,2 4.0 Sesre i
LeS  stwer 2.7 Flabd 91.1 4esas

205 Sepsr Botiw iRl shbda Sdees

SREST S1DEw E YT T T T PR YR LY Y FY YA Y PY P EAST SIDEe i
MiC +TOpa E
HEIGHT 0.5 1.5 2.3 LS5 3.5 2.5 [.3 0.5 :

I NOATH #0888 88540 24884 shine n'aus [ITTT AT YT [Ty Y YT Y Y YY YR Y TTYY }
2N NORTH #0ssa 20sbe Sadss sbsns 20448 SAPER SP0RR CLANE SHE4S SENNE DGR i
1N NORTH T8 Gha] S0tss 22tss F2«2 934l 9349 sodag maben 95,7 94,2 ;
CENTERLINE 96,0 9%.0 Sasds assis 425 943 9.4 ssb0e S0 H4,) 93.5 i

1M S0UTH 9%.0 947 et 4.2 5.0 2.1 diise

58 F).0 bk V

M SDUTH 00808 20888 08504 s ASArE SAIRE BEASs A0ess BatEE BRENY PABNY .

3M SOUTH ©00ad S8s2s 80008 sasss Y YT PTY T IR YT Y SEPaN dedde shnas ssade

3,5 G8SAr SHEGS FRESS H0RES S0 ay

2.5 0084% 45508 BSSID RS Babes
Lo5 esdse gh,a 95,7 93.9 seses
«3 M0dse 95,2 Ahb Fe.] sesss

SQ0UTH SINEe

T S ——— . A e ot Main L rre e AT

. . i+ mir bt S e T
o 314+ s e 5 T < 10817 1 o S L



Test Number 7

es0  FAR FIELD DATA (7 WMETRE RADIUS)

Table 1.7

A=WEIGHTED BOUND FREOOURE LIVEL DATA

Gomprasaor Qutpuss 180 cfm

Ingine/Campransar Type: Antary vaps, Cas, Quisted
Comprasscr Alre: 2.10x1,2821,7de

ANGULAK QRIFNTATIONIDEL)

] o b 9

WlC HE [GHT NUM  ELEVATIUN
IMETHES ) [DEG)

« 575 ? 4.7 bls dled Bles dle? w240 d2.2 Bl.7
1.72% t ldod 9.8 agle2 Thed THet 8005 b4 HO.5
2.87% ] 2he Blad H2.0 Bl.d MO Bled dled 0.9
w025 2 15,2 8042 dlud dled F9.8 Hlio Hlua 8148
178 b 4T.0 83+ dZe5 83eh B30l Ble2 8248 B2
b 375 3 oYt Bhed Bisl 83,3 dlas pdee 42,9 4249
r.000 » 9340 Bheb  BY.4 B4.9 5.5 2%.7 85.6 85.8

FAR FLELD METHODOLOGY UATA
NIC HEILHT PUSITION LEVEL
THETRES) Y]
Coli=l.0 N #0.5
Qulivl.0 [ H40.Q0
Qel~1.0 H B8l.0
Gud=1406 L] Al.0
ted OVERHEAD ¥5.0 [A¥G. UF MICH AMOVE)
1e00 MA X 8245

A WELGATED LCYEL (0D)
12u 10 a0 210

74%.48
50, %
dl.?
42,0
du.B
ddil
a0

40 A WEIGHTED SOUND POWER LEVEL~IUG.9 DR RE I PICUWATT (HASEN GN T3 PDINTS)

JULTAN DAY Lo4 TEST

SWEST SLOES
MG
HELGHT 0.5
M NURTH vasss
24 NURTH  BB4%
1M NORTH  B9.9
CENTERLINE 90.4
1M S0UTH 9.7
24 S0UTH 89.2
M SOUTH  Seeee

15 2.5
26000 BARDRE
89.9 84
91,0 91,2
90,7 9141
TR TN
90,9 87.4

8048 whaat

NEAR FIELD DAYA PRESEMTATION
NUNBER 7

SHURTH STOES
n im CENTER In FL]
L] | LINE 4 [
MiC

HEIGHT
o3 taree 9.6 9041 Sleb weRee
la% 0.0 89.0 90,0 wasee
2.3

1.5 SE0AE SOURE B4 IV B R488

90«4 Y0.1 89,1 assan

atpes
33
assas LTI T TY T
(AT 11) L8880 Bueads
[YTT 1] G2.8 9).5  90.9
LTI Y] ¥l 9.9 9.0
[TIT] 90.5 93.1 2.9
[T rT12] SO0 SEROS Bpawb

SOOI S300 Hdsr

3.5 SOB0S SRNeT 2aset SESN SRAMR
248 ossse 59,3 88,6 a4.) sesns

1.5 ®ssss 90,0 0.8 05,9 sesss

o5 essss yi.l 93,2 90,9 seess

$OUTH S10Es

1.8

240

3.0
bs L
dled
40.9
12,0
133
[T

2.3
aseee
LYY
9.9
.2
9.1
Bidal

LT L 1]

20

dl.5
9.1
dded
dletr
ek
842
H5.4

EAST SIDE®

1.5

90.3

90.7

89.9
90.4
9.1

LY T LT

oo

dd. 0
Mew
Ales
4d el
Bl
EERY.]
d5.8

0,5
rrre
al.e
9.8
89,3
91.0
B79.3

ERTH

42.%
ad.s
Glav
e
4.2
dda?
(5.9

-




Table 3.8

A-WEIGHTED SCUND FRESSURE LEVEL DATA

Teat Number 8

Campresser Outputl 1325 efw

Englne/Conpressor Typat Rotary vane, Cas, Quieced

Coxprassor 5ize;

ass FAR FIELO DATA |7 METRE AADIUS)

ANGULAF ORIENTATIUNIDEG) Q k1]
MJC HEIGHT HuM  ELEVATIUN

{METRES ) {DEG)

«575 7 “,? Taud 75,1
1. T2% i l&ad Tl T8
1.9 & dba2 The® Tl
4,025 2 35.2 T5:6 Theot
S.47% $ 471.0 T9.8 794
b+373 b 85.7 T9.% 19.8
1.000 “ 908 Ble9 Bl.3

FAR FIELD METHODOLOGY DATA

MIC MEILHT POS ITIDN LEVEL
(METRES) 113}
' T N Ta.0
0.8-1.4 E 90
Qet—1lats H 9.5
Ju8=1.8 L] .5
1.0 OVERHE AD 8.9
lad MAX 0.5

1,1x].30x1.85;

A WEIGHTED LEVEL

bd 90 120 (%17

Teed Taets T9.3 TdeB
Thed Thé To,l 77.%
7.0 tes7 T7.0 Toal
Tee9 T6.% 7.9 19,0
19.2 76.1 T80 T2
80,2 80,6 B0.,% 79,06
8lse 3148 B2.0 H21l

{A¥G. OF MIC& ABOVE)

lau

1Tey
Te.d
7.4
TTet
13.1
8.7
22.0

(8}
219 240 21 Joo

Tl.1 78.1 TI.7 l8.2
Tha2 Toed Theo Tbat
Toa.5 7.1 Itey Tl
TTed T4 Tded TT.4
TG.3 T9.0 9.6 3.
19,2 40.2 dQal 1.0
82.3 d2.0 2.3 a2.2

®s 4 WEIGHTFOD SCUND POwER LFVELs 10J.1 38 RE 1 PICUWATT [BASED ON 73 POINTS}

EAR

N
JULTAN DAY la% TEST MUMBER 8

N
L]
L1117
HE IGHY
I
1e5 staes
2.5 seans
+WEST S|DEe 3.5 dasss
A
HEIGHT 0.5 1e3 253 35
34 HGRTH eeses Sasen 00400 2240
2M NUATH S0888 SBRsE BAVEE 4BEdE
1M NDRTH B85 Dbs2 81,9 ssam
CENTERLINE 8540 08.5 88,2 sasas
1M SQUTH Dtad 05.9 6.l vesns
M SOUTH saees Ssats #eses mates
IM SOUTH 48860 Seeps sesss sasne
3.5 sanan

2.5 ssasp

1% etuns

FIELD OATA PHESENTATION

*NORTH S1DEe
LN CENTER Im in
L) LiNE E E

5.2 Bo.l BT
85.8 Bbe2 05.4

8728 Bd.i 8T.3

SERB0 SR As Besnd SRR NS

*TOPe

SO0 08 RISES BPEBE RERMS
Bh.l 84.2 85.4 sessa

Bh.t Ha.B Bb.b

5.5 09,6 81,3
SOUTH StDEe

EAST SIDEs

#nrme 85,9 b5.9 BBk
#eass  B7,] B5.6 B5.2
e8sbs  B4,2 Ad.0 Hb.5

LR D]

LLIE
Tool
TI.7
1.l
T4
80.¢
Hlet

R M it P L th L e b B AR s 3l k4 $s it s



Table 3.9
A-WEIONTED BOUND PRESSURE LIVEL DATA
Test ¥umber o Compressar Quiput: 363 cofa

Ingine/Corprassor Type| Ratary vana, Diasal, Quiecad
Cozpressor ize: 3,68x1.82x3, lim

#4%  FAR FIELD DATA {7 METRE HaDIUS)

A WFIGHTED LEVEL DB
ANGULAR QRIENTATIONIDEG) o N L1¢] 90 20 150 1y 1Y) 210 440 Fali] 300
MIC HEIGHT NuM ELEVATION
{METRES ) {1DEG)
«575 1 by 7 Thet 133 23,3 73,7 T2e5 T34l Taus Toed 4.6 7.8 T2.7
1125 1 ldah T2e0 3.0 Thed  Taed Te.l 1310 13.9 1y.0 12,3 3.4 2.7
2. 875 & Ph,2 T2al 133 1246 T4 T35 72.8 7131 TTe2 B9 7342 13,0
4a (28 2 38,2 el 138 73.86 81,5 T3 72.9 1301 T3.4 T13.0 11,5 13.9
5175 ] L22Y] Tl 71ed 2.0 7243 T203 el Tt V5.4 BO.L  72.2 2.4
b 375 k| 53.7 T0al T0u9 TL,3 Teus 714 To.h  49.7 10.% 1q,5 .8 Tu.5
7+000 L) 9040 GBed bYeh 89,5 ad.0 tBud Bl.6 08,2 677 68.5 08,9 &7.9
FaR FIELL METHUDOLOGY DAT A
MIL HE|GHY POSITION LEVEL
1AL TRES) 108}
Qul=tet ] 8.0
Dal=lus £ 15.3
OaBelos 3 1740
Qub=leb L 5.0
7.0 OVErHEAD 1Y) TAVG, UF MIC4 AdUYE}
1.0 Hax 75.%
% & WFIGHTED SOUND POMEN LEVEL" §8.7 DB HE L PICONATT (WASED ON 73 POINTS)
NEAR FIELD DATA PRESENTA T ON
JULTAN DAY L& TEST NUMBER 9
SNOATH S5IDEs
N 1.1 CENTER 1M M
L} L] LINE £ £
MIC
HEIGHT
LR L L 173 RS P Y SR PPro
Le% s0esn 78,2 70,4 T84 soies
2.5 s0ser 13,8 24,7 To.L seene
OWEST 310Ee i JuJ HENEP SHES 0SSN besen sésas EAST SiDEe
L1141 at0Pn
HEIGHT 0.5 La3 2.5 3,5 343 25 1.5 Q.8
IM ROATH  esass sosen shans auses S400% 20848 baaga Ll L PN TY Y TIT ]
20 NDATH  Bl.8 82.1 78.5 esass Tae8 T3.9 75.7 Se88d 14,0 81.9 4.9
1N NOATH 2.2 Blal BOLZ sesss To.b T71.0 771.7 1.0 82,1 az.9
CENTEMLINE 62,2 0.1 T8, 5 sesss - 1%l H0.6 TRa8 TB.S  79.5 #3.0
1M 30UTH Olet 79.9 Ta.2 sesus 19.5 8l.80 T9.6 LLLL LI { PR .T. 1 | 81.0
N SOUTH  B0.1 7923 T0.0 seses Toad TéaW 7Th.1 aene T2 MH.2  19.9
b 1] SOUT“ L L L T TY T I YYTT) LI T A TYYYY LITTT] LI LT B TTTTY [ LI B YYYTY

a3 00000 4000 48080 S00ns sasie
2:3 ames T8 79,3 TT.8 seses
1e5 ®00un 7803 79,2 78,8 asens

+3 Me00s 80,9 B3 Bl.4 esess

SOUTH SIDES

EET)

2.3
12.0
T2.9
T24ts
Tl.o
TOun
[y

o Sl e i,

'
\
1

:

trai i A



Tast Nisber 10

Table 3,
A=WEIGHTTD SOUND PRESS:

Corpresacr Size: 4e 2982, 19

%% FAW FIELD OATA {7 HETRE Hanjys)

ANGUL sk (HIENT AT tON|

MIC HEIGHT
(MCTHES)
2875
La725
2875
&, 025
Sty
by 375
T.080

HIC HFLGHT
(MEtRES)
Qedelen
Q.8~1.8
O.8-1,8
dal-1.8
T.0
latt

®% A WEIGHTED SDUND PUMER LEVELw )04

JULIAN DAY 189

"REST SipEe

HIL
nEIGHT

M NORTH
2M NURTH
1M hORTH
CENTERL I NE
tm Souty
2M SouTH
M SouTH

0.5 l.8
1.9 19,1t
80.2

82.5

dl.s
3.1
427
8243
82.2
1.4

LI
B2.0
80.8
Blae

DEG) 0 10

MUM  ELFVATION
LHEG)
T L 1.1 74,9
1 Lhed Pes2 71.2
[ Qo2 Tued Il.2
2 35.2 U4 T4, 5
5 4740 INY  Td.d
3 65,7 Hls7 Bl.o
h 0.0 e T7.5
FAR F{ELD METHUDOLOGY piTa
POSITION LEVFL
108)
N 5.0
[3 8.0
H al.0
W T §
OVERHEAD TTles
MAX 4l.0

10

URE LEVEL paTy

Compressor Qutputs 900 cfn
Engire/Corprenscr Wpel

L1H

LT
fl.0
15,9
9.t
T4.0
dl.l
.3

Rotary vane, D1
2,51n

90

Taod
1.0
Toel
T9.0
The2
T9.3
T7al

A WELGHFLD LFyEL
20 150 180

Te.8l 17,y
.2 4,
THet 81,7
al.2 41,8
02.1 9,7
9.5 4l.5
o L7

LavGy MF ®iCy ARQVE}

NEAR FIELD Data PRESENTATION
TEST NUNBER Loy

2n
MIC
HE [GHT
M ENTITY)
1T I TYTTY
2% 02800
3e5 atase
2.5 L 1Y)
80,0 8,2
81.5 42,0
03.0 83.3
04,7 8o.8
LLYY- I PO
6.1 Bu.7
5.0 an.e
P T TTTYY
2.3
1a5

5 saeeas

SHURTH S1DE#
CENTER |n FL]

M
L]

dla0
Tdah
Téat
LF Y

[ I3 Y]
83,3
6.8
0.5
90.2
90.4

AL R 1T ]

90.3
85.8
U0.b

dda.T

LINE

al.3
Than
8.0
9.9

*TOPs

(LT T )
84,1
d48,.9
89.5
.2
9.8

0.1
87.5
1.0
.9

£ E

11.0 ssaes
116 saaas

8.2 »

B2.) Saaee

LLITT]
2.8
05.3
9.0
90.0
92,5

R IT Y]

0e5 enensn
BY.4 nenas

Hlel sases

d1,2 we

SOUTH StDEs

T ety iy

“el, Quieced

(pa)
210

to.2
Tre?
Hlep
§2.1
5,4
ude®
To.d

o8 Ud HE | PICOWSTY VBASED ON 73 PUINTS)

Ju5
80,9
Ble9
84.0
871
at.7
B6,64
7.3

240

LCIY]
78,9
Tt
19.%
ul. &
[E]
14,9

245
40,7
82,3
83.4
B85.4
8744
85,0
3.2

210 1du
7.3 te.s
Te.e fr.9
Thed Teey
iTe2 19,2
Thow  t3,3
Tdes  t4.4
Thew P2
EAST SIDEe
145 0.5
T35 719.4
0.4 Bl.s
1.9 az.5
8.8 @2.1
M 42,0
8le¢ Bl.7
40,3 40.7

ERTH]

fa.u
lusa
1.3
LU
vdet
825
Td.3

e ety i St . i,

|
1




e

Tatle 311
A-WEIOKTED HOUND PRESOURE LEVEL DATA

Test Husber 1) Comprassor Sutput: 100 2fm
Engine/Corpresaor Type: Rotary aerav, Cas, Btandard
Cozpratsor 8iael 1.78x1, 2241, 370

o FAK FIELD DATA {} METHE RADIUS) .
A wEIGHIED LEVEL (DB)

ANGULAR QRIUENTATIONIDEG) a 10 60 90 120 150 L8O  Zlu 240 270 00 M
HIC HEIGHT #UM  ELEVATIUN :

{METRES) (UEG) .
578 T 4T 80.86 80,9 Blol H2e) 82,3 8)e2 84,0 83,1 B2.0 82,8 Bla) 80ue . -
Le 725 1 [EIY ] 80.5 Bls) U046 Ul.4 BI.0 B3I, He.» 83,2 02.0 40,5 80.%5 79.7
2.87% & 2he 2 8le&s 82,3 Bl.3 2142 82,7 8¢ Ble8 831 B81.0 8l.l 3l.T AL.7
4,025 2 15.2 Bl.6 82.7 H2.) d2,% B2.9 Hle)l B3.4 B3.6 H2.3 Bl.b 82.1 422
3175 3 4Tt fNled B0 82,5 B2.4 B4.U B4 Be.d 83,3 B, T 82,2 81.1 B
44375 3 6547 54,9 H4.T7 B4.0 Bé.l HeaO Héab HheT 8B40 U3.0 839 Beud 83,9
1.000 4 0.0 B)e7 B4.0 B39 84,0 083.5 H3.8 #led BI.Y B3.T7 Bl.é B3.% H4.T

FAR FIELD METHODOLDGY OATA
MIC HEIGHY  POSITION LEVEL

(METRES) ton)

Oal=lub N 32.5

Qeli~leb E B82.4%

Dal=1.6 5 6.0

Qalivwled ] 83.5
T« QOVERHEAD 83.7 |A¥Ge OF MIC& ABQVE)
1.0 MAX 8b.0

€% & WEIGHIED SOUND PUWEA LEVELsL0T.7 D& RE | PICOWATT [BASED ON 73 POLNTSI

NEAR FIELD DAT4 PRAESENTATION
JULIAN QAY 176 . TEST KUMBEA L) -
SNORTH SIDE® ‘
M In CEWTER 1M n
] w LINE E E
MiC

HELGHT ;
o3 S800e 9.4 Q0.2 09,9 Sesss :

Lad ®omna 32,2 90.4 §0.2

240 S0085 SIS HENEE ARN0S 000

#MEST S1DES 2.5 ssesn seive €AST SIOES _
nic ' sTOPs ‘
HEIGHT 0.8  1a% 2.3 '3o5 33 2.5 L5 0.8

5080 SRR SRR :

3M NORTH s bd #8000 28030 s8008 SRS ARRES SbARe

L ITY ] 9.0 9l.8 0.9

2ZM HURTH esesd Sdabe " AN FIRSR |

[TTT TR T IO T, P

1 BOATH  93.3 90.% 92.T 93,5 92.0

CENTENLINE 90,86 90,0 ossss %1 98.9 9a,0 SEeAS senee 50,2 9.2 .

t
IN SOUTH  91.8 91,8 29000 sesee Feat 4748 4.8 sanes shaer 0.8 Yl.Y :
2N SOUTH 88038 S840 54000 astan q_l.a Qaall 9l.8 SRB0A BENEL SRN !

34 SOUTH S9848 @8t S088s sesnd [TI TR YTTY ) BOS80 SAAEN 480
JaB3  FRR00 SRIOS G202 SMNER dibbe
ol ROBGE M088d Sabes BSSR BaSBS

1«4 00 §2,) 1&,9 1.9 sssn

o5 Beee Gla9 Ja.d 9142 =
$0UTH SIDE#

| - .]:

, . . - T b b o o e R\t DR S Sk v a e




St e L FAEFA N AT AL

Tavle 3,13
A=WEIQHTED BQUND PREASURE LEVEL DATA
Tast Nucber 13 Cocgramner Quthuts 113 efm

Compreasor Bits1 2,70x1,20xt, 400

ses  PAL FLELDG DATA (T METRE RADIUS]

AKGULAR ORTENTATIONIDEG) [ 0 40 9 120 Li0
APC HELGHT  MUM  ELEVAT]UN
INETRES) [DEG)

475 T [T 172 78,3 773 75,0 Toed b0l
1.72% 1 14hed TTeh T&uB Thed Téy2 71,7 T48.9
2,475 ] 24.2 TheT Tbud Teu® Tou0 78.0 Hlin
4,025 2 I%.2 TTed TTe2 5.7 T%.0 T7.3 175.9
5.178 3 47.t0 Thil 7154 Tad 75:2 Tosl  Thel
a1y 3 0%.7 Tael T4 Taed TH5.T Toe® Thid
1000 4 0.0 T29 180 Thel Tdel 150 TN

FAR FIELD METHODOLOGY DATA
MWIC WEIAHT  PODSITIUN  LEVEL

LMETRES) {08
Qub=~l.d N 1740
Qelrleb E 715
Qid-led § 8l.5
Out~1,b W Tted
T.0 OYERHE AD T29 tAVG, OF WICA ABOVE)
1.0 Max 4140

194
The4
1Tl
75,5
152
%
1l

Engine/Corprenncr Type) Antary scraw, Diaanl, Quiatad

A WELGHTED LEVEL (08)
H] ta0 210

9.9
LETL)
5.0
15.7
15.7
Tael
3.1

40 & HELGHTED SOUND POWER LEYELwlOleh 08 RE L PICOWATY {BASED ON 73 PUINTS)

NEAR FIELD DATA PRESENTATION
JUL-IAN DAY 103 TEST NUMBER 11
SHURTH S1DE*
m I CENTER M HL]
L} ] LINE 3 E
L1
HE 101

o3 S008s Bh.0 Q0.0 03,9 verse

Lad opaee 84,9 05,0 2).% shise

2.4 » T TYY TR TYTT A P YTy

SNEST SIDEe 3.5 SRS 40000 BEERE BAINN
nic +10P*
HEEGHT 0.5 Lah 2.5 ' 3.5
1M NURTH ©0888 03388 sheds aNss 80088 24000 SR
IM NORTH 5.8 4,6 Ssssr sesss 84.0 03,3 82.3
1M NOATH Bl 03.9 s8ses d8bas 82.6 B4a,) B82.5
CENTEALEME Gba2 G3.2 9883 Sedss 8l.9 481.) 80.9
IM SOUTH 0742 4.1 e0ses sesee B2.5 719.9 Bl.3
™ SOUTH 043 Q083.]1 #00es Basse Bl.8 79.1 H#i.¢
I4 SOUTH SeNEs Bases S4543 S880s Y TR YT T

3.5 S00es passs svasn FYTTY

2e5 00000 20028 s0a0n [XT11]

1.5 oeeses 83,8 02,2 ALl
W3 eases BS.L bl 06,2 sesss

S0UTH SIOEe

Jah
LLL I
LIT17]
dsaes
LIT T
ssann
[IYIT)

et

Re3
LI daT)
LII1Y)
LIIIT S
L1111 23
Sapen
LL1LY ]

210

Thae
Tiet
LLYE]
3.9
Tied
Taal
T3l

EAST SIDEs

1.3
LIYY 1)
84.2
1.8
2l.4
Bhat
8l.0

100

Taed
e !
5.6
TS.u
T4.9
Thiu
12,0

0,5
[ JIYT]
4.7
8.0
0.4
8.0
83,6

130

0.5
112
17.3
[AXY ]
Tohuy
T4 %
1.0




Table 3,12
A=WEIGHTED 3ouwn PRESSURE LEVEL DATA
Teat Hucher 12 Compreasor Output: 175 cfm

Enaine/Corpressar Typa: Rotary screw, Gaa, Quiated

Compreansar Sipe: 2.70x1. 29x1.43n

®e®  FAR FIELD NATA |7 METRE RADTUS)

A WEIGHTED LévEL [DB|

ANGUL AR QRIENTAT DN I DEG) 0 10 LT 0 120 150
MIC HEIGAT  NumM ELEVATION

[METRES) L0EG)

<418 ? 4.7 Thal  70.2 TIN5 7847 Tout 1845
1.725 1 Laeh T4.9 5.6 T8, V.2 Thed  74.2
2.475 & 24,2 T&ed Ml 7002 75.) 75,4 Tty
4.025 2 35,2 5.8 T8.9 TT.5 75,4 T5e7 JTou7
5. 175 3 LI T6ed T6ul %1 75,7 Téal 7h.3
64375 3 65,7 T5,8 75,1 l6.5 Ta.n That Th,2
7. 000 L) 90.0 Téoh 143 73,9 74,1 Tl.0 T4,

FAR FIELD METHODILOGY DaTa
RIC HMEIGHT PUSITIUN LEVEL

TMETRFS) tog)

0.0-1,8 N 78.0

Qe B=1:b 3 .0

Dati=| .8 5 19.0

Qs b-lut w THel

7.0 OVERAMEAD Taoh 1AYG. UF MIC4 aBoOVE)
1.0 max 0.5

®% A WEIGHTED SOUND POWER LEVELa1Ul.1 0B KE | PLCOWATT [AASED LN

NEAR FIELD DATA PRESENTATION
JUL LAN DAY 378 TEST NUMBER |2 :

SNORTH S{DE#
2H IN  CENTER In FL]
L] L] LINE € E
L1
HEIGHT

o5 bevae a5,y an.4 45,5 sasan

la3 teess 84,2 s, 81,9 dsaae
2e% LI T O Y YTy (LI 1T SN FYYTY LE12 ]
SAEST S|DEe a5 20000 24000 Baues BaGes Birea

MiC *T0Pe
HEIGHT 0.3 1.8 2,5 Je5

IN NURTH sasss ssean 40800 20088 Ss00a

24 NORTH  03.8 83.4 4.0 83,2 83,5

I NOATH  Bbed  B4s? tesae desas 03.9 Q4.5 84,3
CENTERLINE 83.a Dho2 soana sasne B3.4 B4l H4.)
14 SDUTH 35,5 84,2 s0ses teton 532 B2.4 2.8

4 SOUTH  B5.5 82,3 seses seses 42.2 82.4 82,5

M SOUTH #5088 waass 4008 sesse LLLL L A TY Y PO TYY)

3.3 RO $0000 spann ALY LA YT Y

2a5  SARES 0RA S000s wrabi sasae

1.3 83,7 834 84,5 senes
DLIR LT T T 5.9 85,2 se0es

S0uUTH SIDEe

lee 210 2403

Tded 14,4 78,2
TS T6.3 Tb.3
Taa9 T5.1 74,4
Toud THa  Te.o
T5.% Jou2 7%.0
T5 2 152 74,2
Toall TauS  7dhes

13 PUIKTS)

LTI TYTY

LTI Y T ¥

5438 S0

LTI T T T IY

24484 ranne

210 g
7643 Ju.?
5.4 fd, 3
TS«l I5.n
50 losu
Téen  fu.u
T3 Iy,
5.4 5.3
EAST SloEw
1.5 -1
22000 sasss
4.3 44,2
458 87,4
849  An,0
35,2 He,
8246 84,4

LAXII N N YT

Ta.%
Thet
1.2
1,
In,2
LT
75,1

e b e S T W R LA T




Table 3.0k
A=WEICHTED SOUND PRESSURE LEVEL DATA

Teat Nucher 14 Cozpresgor Quiput: 3 efm
Engine/Corpresacr Type! Rorary scraw, Diewel, Standard

Cerprewnar Size: 2,70x1.3%x1.410

sk FAR FIELD DATA {7 WEFRE wADJUS]
A WE}GHTED tevFL (DR)

ANGUL AH DRIENTATIUNIDEG) a 0 L1} a0 120 150 Lag 210 249 210 oy
MIC HE |GHT  NUM  ELEVATEUN
IME TRES) 10EG)
575 1 a7 13,2 To2 138 13eb THed TSeb TT.d TH.0 T40 T2.F Taai
1. 725 [} Lash 7305 15«7 Tued 1303 Téat 5.9 T5.5 Taeddl T34 7242 1344
2,875 b 24.2 Taal T5¢8 Taud {3el 73at Taet To.& Jead 73,2 2.4 w2
4.025 2 35.2 15,8 To.t T5.6 1He2 15,5 T% 4 TGud 755 T3.2 7.3 112
e 175 5 470 TSeb Thel Thed Tded 3.8 Theb T5.3 Ta&eQ 12,8 751 Ta4»
4,315 k] a5.7 75,1 134 Toow TheD a0 Teel 72,9 Ta.0 13.0 F2,5 T2dd
7. 000 4 90.0 T1.6 7203 717 7148 T7led T1a8 T1.3 Tled Tleo Tl Tle2
FAR FIELD METHOOOLAQGY CATA
MIC HETGHT POSITION LEVEL
(MFTRES ) (DB}
Qefi=]oto N T4.0
Oeb=1,8 E 1%.0
Dalivlat 5 TT.5
Qe =148 L] Ta.ld
Te0 OVERHEAD .5 [avG. OF KIC4 aDOVE)
1.0 nAxX 9.0
#4 4 WEIGHTED SNWND POWER LEVELw 99.3 OB RE | PICUWATY 1BASED UN 73 POINTS)
NEAR FLELD DATA PRESENTATION
JULTAN LAY 184 TEST NUMBER L&
*hOATH SIOE?
P I"  CENTER 1M M
L] W LINE E E
nig
HEIGHT
o5 Se0an f4.5 Ab.]l 05,1 adees
1o5 400se 2.5 Bh.4 B6,) ¢4sae
2.5 PRA0S FR0ME 43088 42208 Sdsss
SNEST SIDES 3.5 S0848 S804 HFRRA 2S0S Sl EASE SIDE®
L1 «TOpe
HEIGHT 0.5 1.5 2% 3.5 3. 2,5 Lo 0.5
N NORTH 5000 Ssdns SRshs sidee S6Bin SFRAS SBEN SrniE BEGES RAREE SRS
M KORTH  D2.9 Hl.8 odsed 200es B3, dha4 01.D ssp0s Bands 14,0 BOLU
I NORTH  83ed 81,9 88080 dosse H2.3 8l.8 82.% edder  B5.1 5.5
GENTERLINE 31.4 02,3 #0tss 0k Al.e B82.0 Bl.48 seess s0eae A3.1 0d.H
In SOUTH 839 H1.2 s098s badae 80.7 H0.3 B80.9 sawde sanmd 42,5 Be
2M S0UTH B81.3 B0.5 seeis Ta.8 41.5 40.% Suvde saned d]1,.3 H3.d
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3.5 S6808 ShUen RG0S sibe SANNE
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Table 3,13
A=WEIGHTID BOUND PRLOSURE LEVEL DATA

Test Humber 15 Cozpresaor Gutputt I1% cfa

Engine/Conpreanar Type) Rotary scréw, Gas, Standasd

Compradscr Siza) 1,99x1.27x1.45m

#e¢  FAR FLFLD DATA (7 METPE RADEUS)
ANGUL AR ORTENTATIONIORG) 0 0 by 0 120

K[C HE[GAT NUM  ELLVAL|UN
INFYHES) roLEG)

«575 7 1 82,2 02,0 HZ.T H2.5 Basl wo.0
LeT25 1 Tuan 81l B2.3 0.9 d2e6 Beh UB2
2adis & 24,2 Alal U241 H2a% d2ebh BYS5 B
4025 ? 142 83ed d3ef BV 8342 B3 A7
52175 5 4Teta d2.3 @3.0 8,8 plio di.ch 84,9
aedlY 3 89,7 Besd Hhot Bhel  dded B4.2 dl.v
T«000 L3 90.0 83.0 82,9 #lel 431 83,4 42,8

FAR FLELD METHQUOL(IGY 0ATA
MIC HEIGHT POSITION LEVEL
IMETHES) (on)
Qel=Lat N 8.0
Qul=l.t E 83.0
Qe b-1la8 5 8%. 5
Osl=Llab L] 83.3
7.0 OYEWHEAD H3,.0 (AVG, OF MlC4 ABOVE)
10 HAK 3a. 3

@8 A WEIGHTED SOUND PDWER LEVEL®IOY.T DB RE | PICUNATT (4ASED QN

EAR FIELD DATA PRESENTATION

KEA
JULIAN DAY 8% TEST NUMBER 1%

SNORTH 5SIDE#
FL] 1K CENTER 1IN FL]
L ] LIKE £ E
11 !
NEIGHT

o3 0008s Gl.p DY 9l.b ssmes

19 ®0sse0 92,0 92,2 9.0 Sessa

25 Sassd M0sis svsne neens
owEST SIDEe 3.3 [ETY R TTYT)
10 ST0OPe
HEIGHT 0.5 143 2.5 1.5
3N NORTH #8048 96840 Susss 4abis SRibe SBREE BENEN
2N NORTH eedes 45080 20ssd saeds 90,3 90.4 90.7T

1M NUATH  92.0 91,7 #6ses eadesr 42,2 4.0 92,2

CENTEALINE 92.0 92.% 4.7 97,0 9.y

tM 50UTH  92.% 93.8 sesee 93,2 904)  Fha2
24 SOUTH 94608 23080 $0008 sadts 930 9h.3 91,2

IM SOUTH #se0r Sasss 40008 aedis 080ES S8ABE sasEn

3.5 44088 20808 S8R0 008N BRSNS

2.5 00000 S0500 SALN0 SRR SRNEN
1e5 #s2es 95,0 9h.4 95,2 *wear
o5 0seka 95,5 48.) 95,1 Seres

SUTtn SIDEe

e

A A 12T b deim et £, 50T 4

A WMEIGHTED LEVEL (08}
150 L 4o 210

df«3 Bael
dbe B A% S
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83.2 d2.¢6
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Ll Tl
[YETYY

240
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bdal
LY
2.4
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8lad dls8
Aded Jduh
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Aol Q442
dle2 8343

EAST 5IDES

1.3 0.5
[YITETTYT]
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Table 1,16
A-WEIGHTED SOUND PRESSVRE LEVEL DATA
Car:preu'nr Qutpur: BS efp

Ergine/Compreasor T7Ee; Rotary 8cTui , Cas, Standard
Cerpreszor Size: 1,96x1, 10x), Ym

Test Huzhar 15

¥es  FAR FIELD DATA (T WEtAE Haulusy

A WEIGHTED LEVEL d0a)

ANGUL AR URTENTAT (N IULG) 0 10 [P Wy (Y1) [0 (LN
MIC HENGHT  NUM  ELEvaTIUN
EMETPFS tneul
575 T 4 ¥ Taud  Toeh foyu Todl 1.6 T 7y,6
1,725 i la.n Tasdl T4,5 Jasw ) 2.0 fa,t T4,
24975 [ 26,2 Teal Thed Téee 13,7 Toud Toed T3
9,075 ? 35.2 Tasn 12,0 Taet Thed Terd Toes 1,3
%175 ] 4Tale T5e%  T02 74909 9,7 T4o9 Taae  Thub
84375 3 ab.t T3 Twsd Thes Ty T3, Tu.yu The
Teul0 § %0.0 Tavl Taal Téee 7440 7o Taed 74,0
FAN FIFLL METALOOLOGY BaTa
MIC HFIGHT PUSITIUN LEVEL
(METRES H (1IN
[ FY. LYY N TS
QuB=lon £ 6.0
GuB-lats H k3.0
Defi=laty ] T
Telt QVFAMEAD Thal fAVG. OF MIC4 4BUVES
140 max AC.

40 A WFIGHTED SO0UND POAEW LEVEL®IOY41 03 5E 1 PICOMATT 18ASED U 79 PONTS)

NEAR FLELD LalA PRESENTA TN
JUL TAN Day Lo TEST HUMMEA Lo
SHUATH SIDE
24 in CENTER In 2u
» " L InE E [0
L4
HE[GHT

o5 4R8N uSLd doul G5.0 ewees
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SuFST SIDEw Jeh MAs4s A00EN SR080 saass Sunas
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W S0UtH 5.3 85,7 #2008 sases B5e4 Hosn  85.9
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IM BDUTH wéees snane ssans 8000 S0 sunis
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2+9 FRAEL S0000 snnae SRR0e sav e

a5 ®00es 7.3 40un bH.3 #esee
3 7.9 91.5 Qe sewas
SUUTH SIDEs
. A i AU g i o Y T e i s = s e

o e e et b e s
RS SHNTIEEE

2w &4l 2tu $4d
Tued  Thal 1303 78,y
Tded 1508 Twad 73,4
TTao I3y4 Taad 14,1
Theuw TTod Tuit Tuel
Tdod 77,2 Ti,0 79,3
Thel 9.4 75,3 Hu,d
Taad Jaud 4yl Iuen
EAST SJuge
3,5 2.5 1.5 (/7%
SOBAE SUNEE P800 Habse
S0AED SRS dbBan LAl x L]
45,1 Be,a
V0800 saner fOp.y  Hi,v
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Table 3,17
AeWEIGHTED DOUND PHEGILNE LEVEL DATA
Tast Numter 17 Couprassor Cutpul( 130 cfa

Ergine/Cozpreastr Typel Rotary acrav, GCas, Standard
Compressor Bitel 3,93x1,24x1,)6m

%80  FAR FLELD DATA (T METRE RADIUS)
A WEIGHIED LEVEL (DB)

ANGULAR URTENTATIUNIREG) ] 3o ot 0 129 150 Ldu 20 rLli 210 3w
NIC HEIGHT  NUN  ELEVATION
LMETRES) {DEQ)
al5 ? "l T6aB 1727 6] 775 9.4 Hlel 194 B0.3 T9.0 1.1 771.5
le72% 1 L) Toe$ Thel Tou8 Thel Ti.6 19.) 197 19,6 THeZ Thut l3.d
2,875 b FLIT T6s@ Toub 7640 TTeh Tie2 19.2 18.% 19.2 T7.9 Thett 757
4,028 2 38,2 T8a2 a4 TN 7.7 TH.0 8040 TH.8 #0.0  79.0 7.9 1v.2
5.178 5 4T.b Thel  Toel Tled T7a8 78.9 BLub 15,4 0.7 TBia TI.T 7.1
6378 3 65.7 79 770 Tus?7 Toed TTul TTed 18.1 Ibew 7.5 17:3 Toen
T.000 4 9U.0 T5e% 71540 T3e5 TS5al 7543 75.8 19.8 75.7 T5.8 T5.9 T9.1
FAR FIELD METHODOULUGY DATA
MIC HEIGHT POSITION LEVEL
tHMETRES } b}
Odd=1.8 L] 175
Uob=lot E Tia 0
Qub=l.6 1 80.0
Gold=], b N 1.5
T:0 UVERNELD T3.5 [AVGs DF HIL4 AHOYE)
lL.a HAR 83.0
#¢ A ME|GHTFD SOUND PONER LEVEL1O3,0 DA FE L PICOWATT LBASED UN 73 PLINIS)
KEAN FIELD DATA PRESENTATION
JULLAN DAY 19§ TEST MUMDER L7
SNDRTH S1DEe
in IN CENTER in FL)
L] L] LINE E 4
111
MEIGHT
o5 S88aR J7.p Qlad 07.5 seame
1a3 08880 15,0 BBal B7.0 #eses
2:5 0000 00000 Snede MBRsE ENans
AWEST S[OEe 3.5 84808 absi sustr srans sies EAST SIDEe
niL «70Ps
HELGHT 0.3 1.5 a8 EN) 3.5 2.5 1.5 0.3
IM HORTH 0800 24008 Sss8s sviey *huda osRas SdbBe Bassd RES20 F0BAE RANRR
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14 NOATH BTet  Bbed 45004 sassn T4 09.7 87.3 L L] 8T.T 81.9
CENTERLINE B7.9 20649 S840t asses 29,3 90.6 89,1 senns sanss 83,0 .}
1% SOUTH 49.4 87.8 et 90.4 09.3 sesse sesar 47,3 dd.7
n SOUtH 00.0 A% B0.1 288.8 88.]) A4i8n Bi200 AN,.4 AB.0
M SOUTH *00ss sssas ssans LI T Y Y YTy SERAT G0 0 SSRES M08 00

L1211 ] sisss Sbsaw

b Y]
24
‘1a3 888 90,2 0.1 0.3 seese

S0000 42 20S Binen sb0s

«8 #00se  §0.3 92,5 40,1 eeser
SOUTH SIDE®

e LTSRN
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Table .18
A-WEIGHTED SCUND PRESSURE LEVEL LATA
Test Nuzher 18 Broad Band Refarente Sound Source

408 FAR FLELD DATA (T METRE RADIUS}

A WEIGHTED L

ANGULAR OREENTATIONIDEG) Q 10 &0 90 l20 150
MIC HEIGHT MNUM  ELEYATION

{METRES ) [ REG)

«575 T B TS Tlak Tla0 Tlew 72,0 72.1 Tla7
1. 72% 1 légh .8 Tied T0.5 T0s46 702 L7
2.875 b 24h.2 0.2 69.9% T0.3 7T0.3 To0.5 T7T0.0
4,025 2 35.2 698 69.9 T0.1 7d.3 7T0.6 Tl.l
Se175 3 LX) 89.6 b%.b 89.8 TO0.D 0.0 7.1
6,375 3 5.7 695 0.0 bw.d 9.8 69,1 89.4
1.000 » 0.0 6%.4 &Y. b9.2 69% 69.2 693

FAR FIELD METHODOLOGY DATA

HIC HELIGHT PUSITION  LEVEL
I®ETRES | 108 )
Qeli=l. b L 2.0
Qel~1:8 E T8.0
Gali=lst 3 12.0
Dalb-1.8 W 73.0
Tl OVERHEAD a4 (A¥G. OF MiC4 AHOVE)
149 MAX T2.5

26 A WEIGHTED SODUND POWEK LEVEL= 95.3 OB RE L PLCOWATT [BASED UM T1 POINTIS}

NEAR FLELD DATA PRESENTATION

SULJAN DAY 14} TEST NUMBEA 12

. SHORIM S(DES
2n 1M CENTER LM n
L] L] LINE & 3
MIiC
HELGHT

o5 SESES SEBES S2ERE NESNE RéRRR

1.5 osuns sssse §0.5 Sanes asred

2.5 essas 1 (2M FROM SOURCE) essse

SWESt SI10ES . ‘345 00008 BISER BENUD BEEEE BONEN

MIC sTOPs
HELGHT Q.5 led 2.4 33
IM NORTH 8888 semes Fouss 8888 A0S SRS Besee

BPSOR SP400 S50 S4B N adNds Sde

2M NORTH
IM NORTM

3068 Q.4 Snise

seoa{IM HIGH) sams

CENTERLINE Ssass 79,7 ssses ssese
1M SQUTH ses (24 FROM SOURCE}.pee
2A SOUTH #8086 S30ss. 40880 dedne ABBAS H0800 BhEs

IM SOUTH Se5a0 BABss 45888 S804s S848 BASES ssaed

Ja% S00R0 BANSN BENUE HAFSE DReAe

2.5 weses {[2M FROM SCURCE) esess

le5 #0288 4020t 79,9 28864 snans

a3 SRAER BAGNE 8408 S088% SRses

SUUTH SIDE*

EVEL 1DA)

180 210 240 21 i00

1.3 T2.1 T1.9 72.3 121
T1.2 T1.0 7143 7labd Tlew
bt 4% 7 8%6 Tdel 7T0.4
0.7 TO.& 0.7 T0.Y TL.7
el 89,7 493 69,2 wd.0
£9.T 6948 0.7 T0.2 0.¢
895 69+9 &F.b b9ed LGt

EAST SIDEe

3.3 2.5 1.5 0.8
404 S50 S0N0A SP0N

SBRBE BEBON 20NN E BBINY

‘BIENS BHLES BALEN SRR

20888 sesas  Bl.3 seses
sse (24 FROM SOURCE) see
BESES 4044 PRARS SERSIE

SRERS 050  MERRS BREN

¥ia

Ti.}
Tl.2
0.1
Thes
&% 7
Tda L
st

- GdiA e A it e b e b2




Teble )1¢
AWEIOHTID A0UWD PALISUAE LIVEL DATA

Todt Fumbar 19 Pure-Tona lovdepesaar Source, 100 K

wse FAN FIELOD Cara (¥ WmETAR AsQiUS)

ANGUL AR DA JENTATEONIDEG) ] ¢ (14 a0

A wELGnlEG LEVEL 108)
120 1s0 j#0 212
MIC WEOAE MUl FLEVATILN

INETaES ) 1111

+37% T l wh,) bd.n 6D.2 wS.0 phed Ti.9
le 113 1 L4t 977 88,5 410 w21 uied Te,2
1.413 - 2402 S9.0 81,0 39.0 be.d al.) T
4,029 2 Mg S48 #1.3 00.4 22,6 39.0 w0
S.11% 5 #2.5 hdh.a ki) pbLT 49T 15,8
[ TR 3 (1L 0,3 $%.0 35.) 7. 30.0 [N 1Y)
T.000 -~ 900 64:0 BA.4  bd.0 BT.% ALl 0T kb BELE

PaA FIFLD RETHUODLDGY DATA
MIC HELGHT  POSITIUN  LEVEL
IRETHLS) tosl
doli=lod N Ta.0
L]

L]
DyEANEAD tavG. OF WiLe ABOVE)
LT3

Vot
or & WEGHTED SOUM) POWER LEWELs %53 OB AE L PICOWAFT [B4SED ON Y] POINIS)
Table 3.20
A-WEIGNTED SCUND PRESIURE LEVEL LATA

Teat NJumbey 30 Purs=Tane Loudapsaser Source, L1000 Hz

ao8  FAR FEELD DATA (7 METAE RADIUS)

ANGUL AR OA|ENTAT[ONIDEC) q 1] [ 2] L] 12
MiE HEIGWT  hum BLEVATILN
"!;::S) ]

& WE[GHTED LEvEL (OB}
] I, 1 210

87,4
s

Y ahl M
1 1 s

T

)

[} alay Tesd 10 W)
F] L] The MNP Bk
] 1 Tl B0es
3 ab. 4 b 80,0
L T8 s ane

FAR FLELD METHADILOGY GhT4
ALC ME{aNT  POSETION  LEVIL

INETALS) oA}

Gel=len N 0.0

Oel=] [ ] 14,0

Gel=i 3 T3.0

Gel=lan - T4
i OvEAmEAD a7 {a¥Ge OF AlCs ApOYE)

1 71 nia T

as 4 wEIGWIED SUUMD PONEA LEYEL® §8.8 DO AE | #ICOwATE (RASED Ox 1) POINTSE.

Table 320
A«WETCHIED SoUwD FRESAUNE LIVED, DATA
Test Number 31 Fure~Tons Loudspraker Bourcw, 2000 Kt

ons  Fil PFLD DATA 17 MEMAE ¥ADIUS)

ANGULAR ORIENIATIONIREG) 0 50 [T LT]
AIC MEIGHT Mum  FLEVATION
{METREY ) 3

& WE{CATED LEvEL 10W]
10 150 1] T

o573 1 43,1 a%,0 [ S I L L)
1a12% 1 ¥3.9 akw 30,5 1,0 Ba,) wl.d
L] [ LT 108 T ML.s TA2
012 4 (1T ] 3 Tl Hlea 19,5 Taen
2,113 ] L] 3 T9.1 4T
8,378 ] sbel Sb.0 ThG To.d
ETL L] bued T LA o

FAR FLFLD mEYpOOOLUGY Dila

®IC HEIGHT rosifion LEVEL
|mETKES )
Qal=lon

(A¥Ge UF MiC4 spaveE)

10

el
13,1
wled
10.2
Thew
1.4
*9.0

150
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1
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Ted
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ave}
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e
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3. S0UND POWER LEVEL CALCULATIONS
3.1. Far Field Sound Power Calculation Procedures

The estimate of sound power {W{f)) from semples of mean aquare pregéure con & meRaurement surface
is of the form:

n —
2
Wir) = E Fy (1) 8 /ec (2.1}
where #{f) 1is the estizate of ‘3Bund power (wattz) at the fraquency f

pzi(!') is the time-average sguared pressure at posétiun i on the
peagurement surface at the frequency ¢ (paseals”).

[p,(r} = WPV e SFL{1,f) ia the time average aound

pressure level at position 1 and fregusney I,

i3 the orea associated with the ith measurement positien
{mquare metres). '

pc 18 tl;e characteristic izpedance of the medium (p 18 the density
kg/m”, ¢ 18 the velocity of sound m/sec). _

In the event that the microphone positions are chosen to represent equal sreas of the measurement
surface, then equation 3.1 reduces to:

. ‘
w(t) --5—-(2 pfc:n : (3.21

pen
4 .
where: 5 is the total area of the moasifirent surface (aquare metres}).

Tie far-field neasurement errsy was designed with this latper equation in mind. At each location of
the array, each miercphone, except the top one, samples a sector of the henlaphere from ¢ - 4% o 4 4
24 and frem BEz, - AT oz Ez. o+ _An [where 44 = 15°, 2z = 1.15n. ).

2 2

The area of a segment of & spherical u;rrace between =, and 2, {8 2wradz; t ¥
each microphone position is: 1 2 #3 this the erea represenced by

a3, = 2n{7.0)(1.15}{30/360)
ah.2 me
The area nsmpled by the top microphone is:
a2
AS” = 2ep" - m(ASiJ
= i,3 00
For the purpose of aound pover ealculationa in this report, these areas wers tr
eated ag ezual;
however, it should e noted that the arcas involved are nr.n". identicnl in shape. This i3 2 coliceptual
disadvantage, since it 15 not entirely clear that the ganple from the center of a long narrow
rectangular sheped area will be as representative of the average level aa a point which is ar the
:::gr of & circle of the same area, Such consfderations are, however, beyond the scope of thiz

3.1.1, BEystematic Error in the Far Field Aryay

The array chosen preunﬁ another difficulty for the measurement of
x saund pover level, which haa
teen previously noted dy Basde[7). This has to do with the faet that g compuct (ka<<l, k=\;u\'e rumber,
a= scurce radiun) epnidirecticnal source at s he{ght above tha ground plane produces an intorference
Pattern on o hemisphere above the plane vhich in the far fleld approxitation Is of the form [T].

2 2/1 .1, 28
polr,z} = po(ni + 7 . RLB..) (3.3)
N 2

wheroi

2
p°(ry2) 1s the mean square pressure st helght 2 oh a hemisphere
centered over the sources, of radius r;

7
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p°2 is the menn square prespwrs from the pource in free space

at the radius r;

R, 48 equal %o the ratio of path length for direct mecund

L ta radfus r;

ﬁi w (P By o (n - 2? e pPeone o P

ra r2

Ha i5s equal to the ratio of path length for reflected isound
1o radius r;

Rg e (2 ) e the 2® w P ohn e nf

'2 . »e
h 1 the height of the source center above the ground plane;

R{r) 1iam the auts correlation function of the source radiatien,

Far random noide;

R(7) = cos (2#1‘01) gin (3nptfr}

2eafy

r° is the canter r!-equenr:y of the band, Hz;

4f in the sarrover bandvidth of the Qignnl or the analyzing fileer:

T in the time delay between direct and reflected sound [wmr(R;~Ry)/e]
c w apeed of sound in the propagation meditm;

For pure tones, Af » Q un& ain x ® ) when x = O

a0, R(t) & goo 2nft & con (aw:rtnz-ﬂz)lc). For r*/neal,

Ry/Ry 1, and fr(ﬂl-ﬁzlla 2fha/re.

For tones or bands of najse tgin expression predicts minime in the sound Zield et helghts vhich
are odd multiples of fh2/rz when r">»hz.

Thus for a small rixed height source, superimposed an fts Inherent directivity, interference
minisa will occur at miercphone heights T which are multiples of odd integers due to the n ground
plans reflection, Fortunately, our microphane array ia sufficiently closely spaced ao that minima
will not oceur at all microphones simultaneously, for B one metre source height, unless the conditions
£> 1000 Hz and source radius much less then 0,053 m are met. At lower frequencies, the fact that
maxima will ooeur at some mizrophone positicns which will compensate, to sone degree, for minima at
other locations, presumably will tend to minimize thiz aystematic errer. Furthermore, for this
depcription to apply to 8 minimum at the top microphone only, the frequency must be greater thean sbout
300 Hz withk a souyree radius much less than 0.16 =, Thus, the fact that the typleal camponent source
eize of n corpresnor is conoiderably larger than theae dimensions, except possibly for engine exhauat,
suggests that the existence of interference minima should not create a serious messurement problem for

this array.

An estimate of the posoible, error in the far field messurement for ap omnidirectional source pan .

be obtained from Eq. 3.3 as follows,

We note,that on estimate of sound pover output without saspling error, for 8 Tixed source height
is given b

y'dn note thut while the true power is analytically available by simpler means, at this juneturs
our purpese is to evaluate only the sampling error, uncluttersd by other error sources.
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Tenla L1

SOUNCE HEIGnTIN 131

FALQUINEY
15 2D
3. «00
% ol
0. «00
113 oc
Tt 00
[1:1:1} sul
kL 00
1N [YH]
Tubs adl
LT i
b o ld]
b1 LT =l
=@l
«03
03
=1db
W
LI
- 20
¥k
*1043%
“l?
=237
3l
20
8l
AVGE ENMOR *s32
SD ar ERNQ& 2edi
Table k2

FOURCE mE|LnTing I
FHIUUENCY

ELT) 1wl

. «0%

L LEY U

50 g

aul
g
aull
08
U
sl
(111
=sul
el
=431
i
-0
=Jl
“ald

"eld
A¥Y] EWWDN =snh
SN oF fuWun 23
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The error in sound power level due to senpling (AI."(u)S is given by

where:

8L,(8) = 10 Logy g §— | (3.7)

The resulta of this calculation, using eq. 3.3 for pa(r.z) conaldering ten different source
heights far the fap field array with the sources radiating sithar a pure tone or cne~third octave
bands of noiss, are shown in Tables L.l and L.2.

3.1,2, Far Fleld Sound Power Calculatizsps

In performing the sound power calculations, the significance of the ambient correction was
retained in terms of A oignal quality code, A3 noted in Section 2.3.5, the average sound pressurse
lavel value at a measurement poaition in each fregquency band vas coded to indizate cne of the
following types of data guality:

a) normal date (greater than 3 dB apove embient);

b) upper bound datae (dats within O to 3 dB above ambient, and corrected
for ambient);

e} no useful data {dats at or below erhient, or at or helov instrument

base line}. Dats value replaced by higher of embient level minus 3 dB
or baseline level,

In using these data in & eound pover level caleulation, the first atep is the computation of an
average sound pressure. The data were surred in three components of the average wvith a breakdown
similar to the sbove, l.e.

a) sum of hormal dets, and mumber of pointa

©) sum of upper bound data, and number of points

&) sum of noe-useful-data values, and mmber of peints of no useful data,

The aversge sound pressure was deterpined by adding these sums together apd dividing by the totpl
numher of points. The power level computed ualng this everage sound preesure was assigned a quality

code according to the relutive magnitude of these aums end the punber of points involved as desceribed
below:

Lo
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power level quelity of data
quality code
1 all data type-a
2 some type-a, no type-c, some type-b datn which contrf{butes lecs

than one-tventicth (0.2 ¢B) to the total paver in the bang,

3 some type-s, some type-b ond -¢ data which cantributes less
than one-twentleth to the total pover.

L some type-a, no type-c, some type-b dste which contributes
hetween one~twentieth and one«nalf of the conputed pewer
(-0.2 ab to -3 ¢hl.

5 same type-n, some type-b and =¢ data vhich contribute
between one~twentieth and ane~half of the conputed power,

6 gome type-a, no type=c, type-h data which coptribute more
than halfl of the computed power.

T some type-a, type-b And -c date which gontribute more
than half ¢f the computed pover,

Investigation of the data Iindicated that in the freguency range 25 Hz to 10 kHz, there was alvays
some type-a data 30 the sbove classificaticn {5 complete, The data of code 4 through T are tpper
hound sound power levels, since the estimate of true pover level will be less than calculated,

Data of code 1, 2, and 3 was further ¢lassified according to the ragnitude of the pooled value af
temperal variance aceording to the following schenme:

a. If the variance of the signal fs legs thap that of elestrical noise ay the 95% level of
confidence, then the signal 18 celled tene-like.

b. If the variance of the signal is within the 9% contidence interval of electrical pink poise,
the signal i1s called noiss=like,

c. If the variance of the signal is significantly greater thap that of electrical pink noise at
the 99% level of confidence, the signal is called fluetuating,

The datn in each bund where the quelity code is less than or equal to 3 is given a letter code T,
I or F correapondipg to the above classification -- tone=like, noise-like and flustuating,
reapectively.

3.2. DNeor Ficld Sound Power Calculation Procedures
The sume general and specific forms of the far-field sound power calculations (eq. 3.1 and 3.2)
algo apply to the near-field calculations. The same order of magnitude sound power value vwill result
since the value for Zean square sound pressure will increase nominally inversely in propertion to the
change in 5 (an & consequance of the inverss aquare Lav of sound field spreeding).

The calculations reported hers were performed for two different messurement surfaces and three
different subsets of the measured data as fallows:

Near-Field Calculations

Label Calsulation Procedure

NF 1 Canfarmal Bm‘!‘nney (derined by Fig. 8) - rll npproprinte measurement pesitions (see below).
NF 2 Conformel surface -~ engineering method, 8 messurement poziticns.

NF 3 Conformal surface = survey method, 5 measurament positions

NF'6 Rectangular surfsce « all meagurement poaitions.

4

J‘rhe conformal surface of radius r is that surface which {s defined by being everywhere a distance
T from gl)w neareat point on the envelope of the principal radisting surfaces of the source. (See
Figure 8).
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Figure 8 Conformal surface at a distance r from a rectanguiar box

KF 8 Rectangular surface - survey nethod, 5 measurement positicons.

The label above refers to the label ¢f the caleulatlon procedure as it appesra in Tables 5,.1-5.17
snd Table §. The references to engineering and survey methods refer to IS0 Draft International
Standerda[2) For Sound Fower Level Determination (DIS 37uk and DIS 3746, respectively). The data

were token on o rectangular measmurement surface (e.g., with square corners) rather than a conformal

surface, thorefore soze modification of thildna set was required for the conformal surface calcula=

]

i

t

i

4

i NPT Ractangular surface = engineering method, 9 measurement positions.
I

i

|

{

; tions., The modificetions were no follows:
|

i

Data points near edges and corners were included if the data painta were with the surface's .

NF-1 =
corresponding distance from the source surface L such thati

8(1) 284(r,} £ 2,125 5,(1)

(Sc(r) = 2n{t +w +r) + v ar {2+ \:r) + 21rr2}

' This results in retaining some measurement positions (near edges and corners) which would be

:'Jsince nll of the compressors in this study were contained within rectangular shoped enclosures, the
envelope taken for the source was also rectangular in shape, and of dimensions L, w, h where L and
v are the length and width of the enclosure respectively, anc h is the height of the top of the
enclosure above the reflecting plane.
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as much as 0.5 dB below the the expected value i Inverse squars spreading applien on the
mensurement aurface. The actuel number of measurement poaitions used in each NF-1 enlcula«
tion are ideptified In the dmta tables. It should be noted that most of the measurement
positions do lie on the meagsurement surface. An estimate of the maximun downward blas
{AL(P)) introduced by including those points not on the measurement surface is -0.2 d8 sal
(P)eg, with the maximum error decrensing aa source aize incrensea.

NF=2 = The ¥SO draft standard engineering method preseribes ap eight point measurement array for
uae with & conformal surfece, These elght points have position corrdinates as Tollows [for
a source of dimension &, W, h):

Pos, No, X ¥ ze
1 a o] h1
2 0 b hl‘
3 -2 0 hJ.
4 [} ~b h1
s | a2 By hy
6 -a/2 B, C by
T -a/2 -5 By
8 a/2 by by

Where: a =1/2t+r
b= 1/2w+r
cmh+r
hllljh(h-oc-r)
h2'3/h(b+c-r)_~;c
Bel/2(becar] b

* The origin of the coordipate system is on the reflecting plane under the
center of the compressor.

The approximation of these positions used jin the calculation ip this study are;

positiona 1-U {x, y dimenaions as {ndicated, hl nearest half' integral valus
in metres to calrulated value)

poniti?nu 5-8 {x, y dimenaions, nenrest integral values to calculsted value,
h, = ¢},
2

NF=3 & =8 The five positions used for both cslewlations are the posf{tiops 1.5 m high, st the center
of eath aide, and the paaition on the center of the top array, The only difference in the
caleylation is the difference in the area § used for the measurement surface,

NF=6 All points and rectangular surface used.

KF=T7 The nine pointa required for this calculation include the five positions tmed in NF-3 and
~8 plus four additional points at the corners of the measurement surfaces, These four
points vere approximated by the hearest measurement pointa,

The effect of these npproximations mey be trested as equivalent to o positioning error. The actual
error introduced is a function of the directivity of the sound source == moot of the positioning error
is & lateral displacement on the measurement gurfuce, a3 oppoged to o "radial" displacement off the
negsurenent surface. Tharefore, the epproximationa, in general, represont non-biasing errors which
may or may not contribute to the imprecision ol the measurement, but will not tend to preduce
sygtemntic bias,
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3.3, Sound Power Level Data

The results of the sound power level caleulatlona for the 1T compressors are presented in Tables
5,1 to 5.,17. Each table conaistg of five parts including: s plot of far-field power level, a table
of signal quality for far-Tield and near-field duta, a table of far- and near=field pover levels and
df fferences hetween near- and far=field power levelzs, and s teble of far-field methodology power
levels und the difference from far-ficld power level.

he top of the table is & plot of the 1/3 octave band, far-field scund pover level vs frequency.
Undernenth the frequency acale iz the signal quality code for both far=-field and near-field (IF type
6) spund power level data using the asme Irequency scale as the plot. The next entry i{n the table is
the sound power level data for far-field and six different near- field calculationa a3 described in
Seetions b.l and 4.2, The data are presented in a two line format with the firat line containing
A-weighted and linear values plus the one-third cetave band scund pover level for band center
frequencies from 25 Hz to 400 Hz, The second line of each entry is the one-third octave band sound
power level for band center frequencies from 500 Hz to 10,000 Hz.

The second group of eptriea in the datn table give the deviations of the various peap-Tield
caleulation procedures from the far-field sound power level. The sign convention is sueh that
positive values {pmply that the near-field power level is highey than the far-field power level. The
algnificance of Large individunl deviations at low frequencles should Be evalumted in the context of
the magnitude of the signal quality rfactor, and the fact that large values of this factor {greater
than 3) indicates & serious amblent noise probles (vhich typlcally ceused an over eatipate of the far
field power level).

The far~field methodology data is presented in octave banda, and A~ and C- veighted levels since .

the data vere recorded in this format. For comparison purposes, the octave band and C-weighted
far~field power level were computed frofi the one-third cctave band data,
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L, DISCUSSICN OF EXPERIMENTAL RESULTS
4,1, Bound Presaure Level Data

There are two ampects of the pound pressure level data whizh are worthy of note with reapecs S
compreasoy nalae mensurerent e a) direetivity cf comprensor nolse, and b} systenatlic variation of

noise with elevotion above the reflecting plane,

4,1,1, Directivity of comnressor noise

4 direetivity index for a source rpay be defipned aa[8)
br{e) = Lplo) - I,
where DI{4) 1a the directivity index &t the angle 8§
Lptel is the mound pressure level at the angle 8
.fp is the average sound preasures level over the hemisphere

(Ep m L, ~24.9 dB for the dete In Teble 3)

The range of maximum values of directivity index for A-velghted sound level for all tests was 1.6
dB to 7.6 48, As might be expected, the larger values of dirsctivity Index vere those associeted with
the larger machines. For comparison, the maximum directivity Iindex of A-weighted level for the
reference source was 1,5 4B while thet for the tene source ranged from 6.9 to 1L.1 d3. The average
value for the maximum directivity index of A~ veighred level wes 3.L d3, indicating that compresssres
88 a group Are nat substantially directive sources, Furtheraare, hecause of the reletively small
directivity of corpressors in comperison with tonal sources, we ere led to suspect that the A-weighted
level of coppressor noise Is nat strongly dominated by tones, As & result, it is expected thet the
averpge of s small number of measuremenzs Is likely to give ressouably good eatimates of the true
average leval over the geasurement nurface. ror 12 ef the 17 samples the side exhibiting maximun
noise level in near-rield data was in the same direction ug the direction of maximum level in the
far-field, For two compresacrs, the direction of the far field maximum was within +45° of the
direstion af the side with maximum level. For three of the compressors == those with lov direetivity
index == the naxima of sound pressure level in the near and far fleld deto occurred on different
sides. This may be reasonsbly artrituted to second order effects due t0 the nize of the different
sides as well as the typicol interflersnce patierns in the near=fleld for these apurges. In all three
cases, the maxieum directivity indax ccours close to the ground in the reglon of the irst
interference maximum, so that small elevation positioning errors may contribute to A false
{dentification of the nide with the paximus noise, Furthermere, for compressors, the neap-fielgd
maximum typically occurs on a short side apd the increased area associated with 4 long side may in
fact lead %o larger intenaities in the far-Tield for the side wizh the highes: value of aversge sound
level tipes area, It iz for these reasons that dirsctivity patterns are only defined in the far field
of the source whers the directivity pattarn iz {ndepzndent of reasurement radius [B8].

L.,1.2 Systematic variation of nejae with positien

It ahould be noted that both the far=field and near-field scund prassure level data exhibit
stronger variation with height above the reflecting plene then with change of latersl position on the
neasurenent surface. The effect 16 larger in the far-field data than in the near-field data, This is
s direct consequence of two facts: 2) interference patterns are & result of the radiation frem two or
pore coherent sources apuced some distance apart and b} the principal coherent sgurces are any
position on the compressor and its mirror image on the other slde of the reflecting pFlane, This may
be predicted 1f one agsumes that all the principal rediators of sound ere small and not strongly

carrelated to all other radiators,

This factor is important for a heasurement methodelogy gince it implies that aversging in the
verticnl direetion in the for-Tield will ve kuch more important than averaging in the hori{zontal
direction, and also more important in the far field than i the near-rield.

4,2, Sound Power Level Data

Several notewsrthy conclusions can be drawn from the sound pover level data [Tables 5,1-5.1T].
The first is that for ecach individual test, for the frequency range above which the signal qualicy
indicates no background npipe problems, to en upper frequency limit of about 2,0 kEz, the deviations
of the neer field calculetions are predoninantly positive and smull., Onpe means for surmarizing this
repult 1s shown in Table 6 where the averages of thepe deviations for 1T compressors are shown. (Note:
points corresponding to signal quality greater thon 3 are excluded from the aversge). Alao shown are

é2




the computed stundard deviations of these deviations, The average deviation may be {nteppreted ug nn

esticate of the average blas of the measurement methodelogy, while <he standard devintisn esn be
interpreted as e meaaure of the preciaion of the pethodology., These resulta will be mere fully

discussed in the next section,

Second, the signal quality code, which classifies the variance of the signal as toneeliie,
nalse=Yike or fluctuating, generally agreen with an estimate of the premence of a tone f'rim
qualitative examination of the specirum {l.e., peaks in the spectrum correspond to T'a ip <he slgnne
quality) except at frequencies ebeve about 500 Kz, Also the classification of variance in the
near=rield dota typleelly indicotes the same or lower variance than in the far=field dain, These
chservations are interpreted as Indlcating that the propogatian meiium i pot unifarm auring <he )
period of observation ot A sipgle poaitien {30 secends) causing tie imterference pattern and *ius “ne
variance of the signal to change signifieantly during the observatior peried. The cause of uniloml:
high varianpces av high frequencies ia probebly due to the fazt That tones, when they 4re presunt, are
not ateady, but rather, shift due o changes ipn souree rotating speed. This change {n Irequensy leaas
to significant changes in the inlerference patters at kigh frequercies, which cen produce lurge
fluctuations {n mean squere pressuve at the cbservation polnt. Alternately, unatewdy propagatics
eonditions aver o reglon of a few vavelengths in dimensicn, caused by changing thermal and tempevature

cond!tions cor changes in thelr graclents, ¢en lead to the sape eflfezt.

Talln o,
Aval daviacion and atanderd deviation af aversgs deviagien of
asd 4 #gund Dowar level from far [fald waund power laval

partable air conprawors.  $iu nearfleld caleulation
procedury * teat angelon 1.2} ars shown plus siaiiar stetieticr
for far f1ald mathodalagy.
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S+ ANALYITS OF MEASUREMENT ERROR
5.1. Introduction

The arrors assoclated with o meapurement procedurs mRy be broken into three rajor components ap
fellows:

1., Error ssaccinted with the teot methodology;
2, Error sasociated with the measurement instrumentaticni

3. Instrument operator errer.

In this section we will dlgeuoe eptizotes of error for various pound Dover test methodsloglen en
the buale of thln expuriment end atiempt %o put zome bounds on the first two samponents of error,
within the field teat environment. We anticipate that the field toot environment will includs a temt
slte and {instrumentation mesting mininum requirements of the propesed 150 Drafe englneering
standard(2), This impliea n flat, hurd-surfaced test site, and & coprercially avallable, portable,
precisdion sound level meter, operated under the supervision of a tralned teas englineer,

5.2, Error in Sound Power Measurement Methodologles

The deviation of sound power level estimates using near=field pressure levels fron estimates
uaing far-fisld presaure levels us presented +in Teble 6 and plotted in Figure § are surprisingly
small. Further, they are consistent In sugeesting that the estizate of sound power from neer-field
pressurs measurements Is higher then that of estizates from far field messurerments, within the limits
of swpling error. This consistent behavior of the date leads us to questich whether or net an
underlying phyaical principle in fect forces thia behavior. A.cursory review of the litersture
{3,9,10] ind{cates that the topic of analyticully relating near~fleld pressurs to scund pover heas

B0 55§ ~—  Unzonected - e+ With Mice ophona Birectinal Respansa Correction,
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received little or no nttﬁntion.‘ ¥hile a detalled aralytic description is beyond the agape of this
work, We are comxpelled, based on the strength of the data, to advance some hypotheses i{p this area
both to aid in the interpretation of thems dats, and to suggest directicna for further research,

We begin by introducing the trus scund power, defined ap [4]

W .f;_(:_).,',(_,:) as C (5.
Bo
where w ia the acoustic power radisted by all sources within so'

I(r) ia the time average intensity vector at a position r.
f{z) is the unit vector rormal to the surface 5, av the point r,
+

An idealization of our measurement ia given by

o e [ ELres (5.2)
pe
2 sn
where P ia the tige-average sgusred pressure at the position I,

Since the squared pressure is a acalar field, we introduce a third estimate of powver for cozparison,
i.e,

we [ e (5.3
so '
where I.I_I is tha scular magnitude of intensity.
Stnce  |L{r}| 2 2fz)en(n),
It is clear that
LI | {5.%)

Now, by analogy with the case of geometrical opticé. we have_}n the georetric acoustic limis
{i.e., vanishingly short wavelengths for incoEerent noise sources—~ ) we have that [11)

HES] P
1] | — r—

kree po (5.5)
whers ke2n is the acoustic wave mumber (A fs the wavelength of sound)

A
r ia the distance to the hearest source

Thus we bay write ,

e W 2w {5.4)
Where = indicates asymtotically equal to, Thus at least ip the geometric acoustic (high frequency)
limit, the near=-field and far=rield estitates of pover for incoherent nolse mources are asyrtotic to

an upper boupd estimate of the true pover. The degres of gver-eatimation is determined by the degree
to which the ahmpe of the mearurement surface S conforms to the surface of wave fronts frott the

nource.

Our comemrn of course is hov this description holds as wavelength increuses, A cursery review of
the datn suggests the hypathesis for free field over reflecting plane determinations that

Woow {5.7)

yBy incoherent we mean (in analegy with sn incoherent or white iight source) thut the radiation
from any point on the source has venishingly amsll terporal correlation with that Trom any other
sourco point, and its temporal duto correlation spprosches a delta function in time, such limiting
processes being taken in a manner which ylelda a finita power cutput.
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throughout the frequency range of measur=mant, but we must epphnnize that thin hypothenio lo witheut
an ahalytic bapio, for measuremsnin in the acoustic near=field., [t in tempting to oeek an apalytic
Justification for thia hypothesia boned on a compnrison af mean sguared preagure with the scalar
ragnitude af intenoity, but we mugt add that Juch attempts are met wish considerabla analytic
diffieuity far all but the aimplest mources, For example, conslderation of the aimple RMoncpole and
dipole sources in free apace yleld

2
PIE L i (5.8)
a%

for all frequencles, but & similar relaticnship for more ¢omplex sources has not bean identified,
Thua, though our dato are very encouraging, we must emphasize at ihis point that there is no firm
anelytic basis for maer=field sound power determinations.

With this preamble, let ua now turn to the guestion of differehces between an eatimate of pawer
and trus powsr. Zquations 5.4 through 5,6 suggest the fallowing partitioning of the error {as
distinot from that propeased by Hubner [3])

Ulr
g 8.8 kr) {5.9)
- ¥
where d’ E
- ull
6n(kr) =g

The term c’:’B i asscciated principally with the shaps of the measureszent surface relative to the
time-nverage vavefront shepe, 3Sased on Huygens principles, we expegt thie term to be nomipally
independant of the "radius” of a messurerent surface, at least for nearly conforral meastrement
surfaces. The term én(kr) i5 8 frequency dependent term which ia A ceasure of hov the change &n reap
syusre pressure due tu spreading differs Irom {nverse square law. Thus, if the source doea produge an
acountic near field, i{ts contributions will ocewr prineipally In this ter:,

From equation 5.4, the term §_ is meen to be always greater then or equal to wnlty. An estipate

of the magnitude of the term §_{(kr) is unsvailsble at this time except at high frequencies where eq.
5.5 indicates that it uuymtotfcnlly approaches unity.

Until this point, this diascussion has ignored the effect of spatial sampling of the rmeastrement
result, To conaider its affect we intrﬁduce e third estirate of sound power defined cs

2
w sy U {5.10)
1=

where 3, 1a the element of measursment surface area associsted with the ith measurement of memn square
pressuré. IS the measursament is designed Ao that the aress 51 are equal, then

SO'NSS

angd

<
In thie forp Lt 15 clear that tha :n:e!‘.'l':lof the spatial saspling should be to produce ap unbianed

‘estimate of the average msan squared pressure over the reasurement surface., Thus the expected valua

of W''' which results frcm en unbiayed sarpling plan will equal W". Thus we are led te expect that
the effact of point aampling will be to insroduce an imprecision in the zeasuremens rather than a Srue
bias, Further, the magnitude of this irprecision should be directly proporsicral to & function of the
variance over the measwresment surface and inveraly propertional to s function of the number of
uncorrelated measurement pointa uged,

Returning to the date in Table 6, we note that all of the above commenta are supported in deteil.
First consider the comparizon between NF 1 compered with NF & which represents the most sensitive test
of the difference between a conformal versus a rectanguler surface. Above 250 Hz, 4F6 is a very
conadatent 0.% dB high with & standard devietion of D.8 dB or less through most of this range. A
t-tast indicates that this difference i8 significant st or above the §9% level, Thus we cohelude that
the difference betveen the procedures is atatistionlly significant wish the nonwconformal surface
praoducing the higher estimatve, and thus that the term §_ is greater than unity sa expected. In Figure
18, the data for NF1 is plotted versus frequency Includ?ns the nicrophone dirsctional response
correction suggeated in Sectien 2.3. Here ve see & trend for the neay field scund pover estimate op
the conformal surface to asymtotically approach the far fleld power with incresaing frequency as
puggested by eq. 5.6, but further, moving toward lower frequencies, the upward bias becomes
statiatically aignificant,
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Thus we are led to a corollary of the hypothesis of eg. 5.7, that
E{W'")a¥ {5.11)

f.e., the expscted value of a acund pover estimate basad on sound pressure measurements I6 gZreater
than or equal %o the true sound pever within the limits of aazpling error for free field cver
raflecting plane peasurements.

We alas note from the data in Teble £, that decressing the nurber of measurerent positions
generally dous hot alter the méan upwsrd bims, but does sigrnificantly incresge the mensuremant
impreciplon aa suggeated by the error model, This effect {a ermphasized In Figure 10, where the
average deviation and stendard deviation datn of Table £ are plotted va humber of measurerent
positions for the A-welghted date. One notable exceptiop to these trends {6 the result for HF-7
c¢alculation procedura (nine measurerment polnts, ons on esch of five sidea, one A% each of four
carners, rectangular meesurerent surface), Here, the selscticn of neasurement positions has bees
optimized %o minimize blas on the aversge for the ractapgular surfose, bus vith the result thot the
incresaed nushey of measurenent psints does Aot significently improve the precision of ihe meesurerent
over that for Tive mensurement Dositions (for this semple cof data). From this ve must zopelude thut
the sound pressure level at the corner positions 18 correleted with the center points in en avernge
pepae.

¥ 1 uim T
S —o— CONFORMAL MEASUREMENT SURFACE
W E T —~8~— RECTANGULAR MEASUREMENT SURFACE
Sz
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E g 1 Il 5 -
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NUMBER OF MEASUREMENT POSITIONS

Figure 10 "Bias" and "precision of A-weighted scund power level vo
number of teasurement pocsitions (17 comprassors}
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O HUYGENS SURFACE INF 1)
CIRECTANCULAR SURFACE (NF B)

DEVIATION OF NEAR-FIELD POWER LEVEL
FROM FAR-FIELD POWER LEVEL (dB)

-t 0 1 2 3 3 5

' 10toga=5 Lo (S2m)

a {matres)
1 1.25 1,6 .0 25 32

Figure 1) A-weighf.ed sound power level deviastion vs source aize

Another possible type of blas 1in the remsurement methodology {s systematic verlation ss a
function of machine alze. Figure 11 shows a plot of deviation as & function of kachine sjze for the
NF-1 and HF-6 A=-weighted sound power data, This plot indicates, that both measurerent methodologles
have & significant tendency to overestimate sound power for smaller machines, This i3 indlcative of
the dependence of the deviation from true agund power on measurcment radius. However, it {s probable
that the microphone angular response problen is a factor in these data as well, Unfortunetely, the
date for larger machines ia too sparse to provide accurate estimatea of trends of deviation for very
large machines, but eq. 5.6 suggests that both curves will have horizontal asyntotes at of above 0 dB
daviation.

5.3, Instrumentation Accuraecy

The analysis of measurement procedure error based on experimentel data, discussed aove, in
effect eliminaotes {nstrumentation error except for microphone angular respense, since we deal only
with differances ip levels measured with the same equipment, Errors due to bies from rassurement
oystem drift are minimized with frequent calibration, while blaaz from detection of aignals ia
eliminated by using the eeme system in both measurements, ete, For meesurement in the fleld
environment howsver, these cancelations of srror do not occcur and must be conaidered in the estimate
of totnl measurement error.

Table 7 provides & listing of pertinent sources of instrument error, their apesified values for
precinion sound level meter and the range of expected error fop presently available equipment.

The largest single scurce of error ia tolerances on the A-weighting response, when that is uaed,
since with proper microphone size, the error due to angular response can be minimized. Combining
thess errors leads to a total instrument {mprecision (two standard devistions) on the order of 1.2 to
1.4 dB for tests made over & small temperaturs range from the temperaturs at calibration. (For
calculations of tota] error we will use a value of 0.7 dB for one standard deviation {90f confidence)
for the instrument e&rror component).
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- Table 7. Inatrument Imprecision (tvo Standerd Deviationn) Ausoclated with

. Commercially Available Precialon (Type I) Sound Level Heters
Property Standard® Lirmiss Typical Limits
Level Calibration + 0,248 same
Frequency Response
lat each one-third
octave center
{requency .
A-weighted 4148 +1as
Linear +054d8 + 0.5 a8
Attenuator Accuracy +0.5¢d8 * 0.5 45
Temperature Stubllicy
10°C to 60°C +14d8 shime
-10°¢ to 60°C + 148 to -5 dB same
Detector Linearity
Crest Factar: 10 -~ * .5 d8 w0 1l4ds
Crest Factor: ~ 1.7 S * .5 dB ¢
Angular Responaef®
: {4309, 50 Ez = 10 kifz)
{ One inch miercphone + 2.1 %0~k dB + 2ty -9 43
: One~half ipeh micrephone + 0,5 ta -L,5 48
# IEC 179, ANSTI S1.4 ~ 1971 [12)
li + Assuming Spectra Similar to those measured
. &# For spectra similar t¢ those measured and alloweble stepdard tolerances va,

Frequency.

5.4, Total Measurement Error

The total imprecision in the measurement procedure is equal to the rma total of the error
components when they are uncorrelated,

2 2 2

“total " le Mesn ¥ ¢ Inetr * ¢ Operator

The methodology impreciaicn may be estimated from the standard deviaticn of the differsnce
between the two procedurss, [Ignoring the contributfon of varioncs of the far field measurements, (f
it Is not in fact negligible, contributes to make the estimate more censervative.) The atandarad
deviastion of the deviaticn from the far fleld procedure [Sigrs Dev,, Table 6) ia s rearly unbiased
estimate of the standard deviation (a) of the nathodology, assuming that the errcrs are normslly
distributed, Examination of the cumulative distridutiona of the date indicate that this normality
asgurption is & reagonable approaimation. However, hecause of the pmall nusher of teats invelved,
there is uncertainty associnted with this estinmate, To be conservative, we choose Lo estinate the
methodology irprecision as the upper end of the 954 confidense interval for o.

)1/2

lleglecting operator error, and using a value of .7 dB for one standard deviation of {nstrument
error, the range in achievabdle procedure error for the mensurement of A=welphted sound power level in
estimated to be in the range 1,1 to 2.4 dB depending on the number of messurerent poaitions used, as
H shown in Table 8,

+ The fact thet the nchieved precision of 1.5 dP for the NPS Far—field Hethodology {see Table G)
{using a hand neid sound leval meter, and six mensurement points) agrees ressonmbly well with the
cowputed total precision of the survey rethods, represents some confirmation of the rrecioion

analyais.
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Table 0, Eetimated achievable mennurement error (458 confldeace) for measurament of
A-woighted oound power level of portnble alr compresscrn in a field teot
environment uning a measurenont nurface 1 metra from the source aurface
oxcluding oparator error{lil,

Menguremant Methodology Hethodologyt Ingtrunent® Total Prodatle Intere
Precision, d3 | Precision, dB [ Precinion val of Biaa®*
{1 standard {1 atanderd (L azondard (5C% Conlidenca)
deviatisn) deviation) devintion)
Lonforpal Surface
Lahoratory grade .8 N 1.1 =3 to 1.1
(1 measurement per
square metre of
measurement purface)
Engineering grade 1.5 T 1.7 =1.6 to +1.2
{eight positione)
Survey grede 2.3 T 2.h =1.5 to +2.5
(#ive positiona}
Rectangular Surface
Leboratory grade N} i 1.1 +.6 to 2.0
(1 mesourement per
square metre of
peasurement aurface)
Engineering grade 2.1 i 2,2 =2,0 te +2.0
{nine positions)
Survey grade 2.3 T 2.4 «2.0 to +3,8
{#ive positians)

t Eatimated from data of Table 6 uning the expresnion (mee text ascticn 5)

"

o= 1,52 5{Table 6)

where 1.52 in the upper limit of the 95% confidence interval for o/S based on S
with 16 degreea of fresdom (14).

* Assumes Type 1 sound level meter (see text, Section 6).

4% Spe reference 13, paragraph 3.
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6, CONCLU3IONS
The experimental date and mnalysis provided in this report support the following conclusions:

{1) An estimate of the "far field" sound power level output of a mechine of a type aimllar Lo
the corpressors studlied can be accurately {nferred frof sound pressure level messuremsnta tekes
on & measurgment surface close to the source If:

(a) the measurement surfmce confosrms to the source shepe;

(b} a sufficlent number of measurement pesitiens are used conajstent with the preciaion
requirements of the measurament;

{c) & microphone is utilized which hes uniforn response to sounz, Incldent over any
directions in front of the microphone over the frequency runge of Interest,

{2) Generally, the more measuresent points thet are used in e sound power level reasurement the
more preclse the value of estimated sound power.

{3) Coenstdering totel invested reasurerent cost, ixprecislon of the resulia, and eese of
nmierophone placement, the IS0 Draf: Internntional Standard (DIS 3Thkh) engineering method for
sources uaing & conformol surface represents o rost reasonuble balance of these factors for
zaking nolce emisnlon meenuremanss for regulptory purposes.

[L) For the sample of compressors tested, the overall measurement precisios l(one standard
daviation), in the fleld environment using the method2logy of conclusicn 13), is estimated tc te
+1,7 4B (95% confldence limirs 3.k d3) ignoring instrument opersidr errar.
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This report describes inveatigations of the accuracy and precision of various
measurement methodolopies for determining the estimated sound pewer output of "large"
machines in the free field over a reflecting plane, One purpose of this investigation
Is to place empirical error bounds on many of the free field measurement procedures
currently proposed or in use; and in particular, compare the results of "near-field" and
"far-field" measurements. The sources used for the investigation included 17 portable
alr compresgors of various types (powered by internal combustion engines}, a "reference"
sound source, and a loudspeaker driven by a pure tone source. The data recorded include
sound pressure level (A-weighted, linear, and 1/3-octave band) on an 84 point hemispheri
cal array of seven metre radius, and "near-field" measurements, gacpled every square
mnetre, on a rectangular surface one metre from the machine surface. These data were
reduced to provide information on the deviation of "near field" sound power determina-
tions from "far~-field" power level (using subsets of the data as appropriate to various
nethodologies). The measured data for seventeen sources guggeats that the value of a
sound power estimate based on “near-field" sound pressure level measurements may be an
upper bound to the sound power level estimated from far field measurements, subject to
the limitations of sampling error. Estimates of total achievable measurement error of
A-welghted sound power lavel of near ficld determinatione relative to far field determing
tions ave made for several measurement methodologles, based on the experimental data.
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