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RECOMMENDED PROCEDURES FOR MEASURING
AIRCRAFT NOISE AND ASSOCIATED PARAMETERS

Alan H. Marsh
DyTec Engineering, Inc.
Huntington Beach, California 92649

SUMMARY

Experimental values of aircraft flyover noise levels (and associated
parameters) are required to satisfy various needs of the NASA Aircraft
Noise Prediction Program. Specific recommendations are made for test
criteria, instrumentation performance requirements, data-acquisition
procedures, and test operations. The recommendations are based on
state-of-the-art measurement capabilities available in 1976 and are
consistent with the measurement objectives of the NASA. Aircraft Noise
Prediction Program. The recommendations are applicable to measurements
of the noise produced by an airplane flying subsonically over (or past) micro-
phones located near the surface of the ground. Aircraft types covered by
the recommendations are fixed-wing airplanes powered by turboiet or
turbofan engines and using conventional aerodynamic means for takeoff and
landing. Recommendations for data processing, analysis, and reporting are
aot included in the report. Various as sumptions with respect to subsequent
 data processing and analysis were made (and are described) and the recom-
mended measurement procedures are compatible with the assumptions.
Some areas where additional research is needed relative to aircraft flyover

noise-measurement techniques are also discussed.
INTRODUCTION -

In 1974, the NASA Aircraft Noise Prediction Office (ANOPO)
commissioned an initial series of Key Technology Documents (KTD) describ-
ing methods to predict the strength and directivity of various aircraft noise
sources; a KTD describing atimnospueric propagation effects was also pre-
pared (see refs. 1 and 2). Furthermore, as part of an interim noise-

prediction capability, ANOPO acquired methods and the corresponding daia



bases for computing noise exposure contours around airports, specifically
the NOISEMAP program developed by Bolt Beranek and Newman Inc. (BBN)

for the United States Air Force (USAF} (refs. 3 and 4), and the Noise Expo-
sure Forecast (NEF) contour calculation method developed by Wyle

Laboratories for the United States Department of Transportation (ref. %),
ANOPO also has available the extensive data base of noise and airplane-
performance information prepared by The Boeing Company, McDonnell
Douglas Corporation, and Lockheed Aircraft Corporation for the Federal
Aviation Administration (FAA) for current jet-powered air-carrier airplanes
(refs. 6 to 8).

The empirical data now used by ANOPO as part of the interim noise-
predlctlon capability were obtained by various organizations employing a
wide range of data -acquisition and data-processing procedures for lab-
oratory tests, full-sca.le static engine tests, and airplane flyover noise tests.
The methods used to acquire the aircraft flyover noise data probably have
the most variability because of the evolving state-of-the-art in flyover noise
measurement techncﬂogy and because of the proprietary aspects of flyover
noise test programs oriented toward engineering research or aircraft noise

certification.

As part of the ANOPO plan for review and updating the documentation
of various technical aspects of the NASA Aircraft Noise Prediction Program
(ANOPP), NASA initiated preparation of several Round II KTDs in 1976,
Because of the variety of test procedures used to obtain the existing aircraft
noise data base and because of a need to define test procedures to be used in
future NASA programs for.obtafning additional test data to verify models
for the prediction and propagation of aircraft noise, one of the first efforts
in the Round II activity was préparation of 2 document establishing recom-

mended state-of-the-art procedures for aircraft flyover noise measurements.

This report recommends procedures to be used when conducting future
aircraft flyover noise tests in support of ANOPO objectives. The report
begins with a statement of the intenéed use of the test results, reviews most
of the relevant documented measurement procedures, and describes the
assumptions that were made for subsequent data processing and analysis,

The purpose, scope, applicability, and measurement objectives for the




report are explicitly stated. The main part of the report covers four topics:
test criteria, instrumentation performance requirements, data-acquisition
procedures, and test operations. Recommendations for areas of additional
needed research with respect to aircraft flyover noise measurements and a

list of symbols are given in Appendixes A and D, respectively.
ANOPO REQUIREMENTS FOR FLYOVER NOISE TESTS

Results of aircraft flyover noise tests conducted using the procedures
recommended herein are intended tobe used for the research purposes of
developing and validating the aircraft noise prediction methods of ANOFO.
ANOPO has several different requirements for flyover noise test data. |
These requirements include, but are not necessarily limited to: (1) devel-
opment of a consistent and accurate base of noise and aircraft-performance
information for use in generating noise-level and noise-exposure contours
around airports, (2) evaluation of forward-motion and ground-reflection
effects predicted for various aircraft noise sources, (3) validation of
individual component-noise-source prediction methods as well as proposed
methods for combining the component predictions into a prediction of the
total noise produced by an airplane during actual takeoff or landing opera-
tions, (4) validation and improvement of analytical models for predicting
propagation effects along the sound path from an aircraft to a location under
or to the side of the flight path, and (5) verification of various noise-
reduction prediction techniques. The noise-reduction techniques include
jet noise suppression systems and acoustically absorptive linings in inlets
and exhaust ducts. References 1 and 2 provide further details on ANOPO

requirements for flyover noise test data,
EXISTING MEASUREMENT PROCEDURES

Flyover noise tests are conducted for one of five purposes: research,

development, certification, surveys, and monitoring. Aircraft noise cert-

- ification tests are highly structured with detailed rules published in various

documents. Surveys of noise levels around airports are performed for a
variety of reasons using test procedures that are highly variable, Airport

noise monitoring is performed by various organizations and usually for



local airport proprietors for nonscientific objectives with test procedures

appropriate to the local airport situation.

Research and development flyover noise testing falls into two classifi-
cations: uncontrolled and controlled. Uncontrolled testing may tave =cientific
objectives, but atmospheric conditions, engine power settings, aircrait con-
figuraﬁons, and flight paths are usually not coordinated with or controlled by
acoustical test personnel. Controlled tests are conducted only for a scientific
or engineering purpose and have close coordination among acoustical test

personnel, meteorologists, aircraft tracking crew, and the flight crew.

The distinction between research tests and development tests is that
flyover noise research tests are conducted by aircraft manufacturers or
government agencies for various scientific or engineering objectives under
either uncontrolled or controlled conditions. Flyover noise development tests,
however, are conducted by aircraft manufactarers prior to aircraft noise
certification tests to evaluate the acoustical performance of various alternative
configurations of noise reduction systems., Development tests are usually

conducted under conirolled conditions.

The subject of this report is data acquisition for controlled research
tests., There is little published documentation on procedures currently used
for controlled research tests conducted either by government agencies or by
industry., Most of the existing documents describing aircraft flyover noise
test procedures were developed for noise certification tests or to acquire
general measurements of aircraft noise or general acoustical data base
information. Moreover, most of the existing documents were in the process

of being revised at the time of preparing this report.

References 9 and 10 describe procedures used in 1969 for flyover noise
research tests. Reference 11 reviews the 1969 tests conducted by The Boeing
Company and also some tests conducted in 1970 using a 747 aircraft.

Reference 12 describes flyover noise research tests conducted by Douglas
Aircraft Company with refanned JT8D engines on a DC-9-31 airplane in
January and February 1975. The procedures recommended in this report are
consistent with the state of the art as described in reference 9 to 12 and with
procedures used by the NASA and the FAA in conducting flyover noise research

:2sts.



There are at least nine existing documents prescribing methods to be
used for measuring aircraft flyover noise. The procedures in reference 13
were developed by Committee A-~21 of the Society of Automotive Engineers
(SAE) in 1964, but are now inadequate and obsolete. At the time of preparing
this report, a subcommittee of Committee A-21 was in the process of develop-~
ing a revised version of reference 13 to incorporate more specific details
and to reflect more current practices of the aircrait industry. In 1964 and
1965, the International Standards Organization (ISO) developed a document
that was subsequently issued in October 1966 and then revised and reissued
in June 1970 (ref. 14) describing test procedures applicable to obtaining a
description of noise levels around in airport. A companion ISO document
was also issued in 1970 (ref. 15) to describe procedures for monitoring of
noise during takeoff and landing operations. A Working Group under Sub-
committee 1 of ISO Technical Committee 43 for Acoustics has been working
since 1973 on another revision combining references 14 and 15 and has pro-
duced a Draft International Standard (ref. 16).

The concept of federal certification of the noise produced bv an aircraft
of a given design became a part of the design requirements for U.S. transport
aircraft when Part 36 of the Federal Aviation Regulations (FAR 36) was
promulgated by the FAA in December 1969 (ref. 17). The FAR 36 require-
ments contain specific procedures and limitations for flyover noise tests to
be conducted to demonstrate compliance with maximum noise levels allowed
under specific conditions. Essentially these same procedures and require-
ments were adopted in April 1971 by the International Civil Aviation Organi~
zation (ICAQ) and incorporated as International Standards and Recommended
Practices in Annex 16 to the Convention on International Civil Aviation
{ref, 18).

At a meeting in Montreal, Quebec in January and February 1975, the
ICAO Committee on Aircraft Noise recognized the need to consider various
technical changes to ICAQ Annex 16 as well as changes to the conditions and

the stringency of the requirements (ref. 19).

In support of the ICAO Annex 16 revision activities and the work of the
ISO subcommittee preparing reference 16, a technical committee of the
International Electrotechnical Commission prepared a document describing
electroacoustical performance requirements for instruments used for

measuring aircraft flyover noise (ref. 20).
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The United States Environmental Protection Agency (EPA) has develeped
and published several proposed new aircraft noise regulations. In conjunction
with the development of these regulations, the EPA contracted with BBN to
apply methods developed for the USAF (refs. 21 and 22) and to develov a data
base for civil aircraft (ref. 23). The data base incorporated judgments
derived from BBN's experience in the measurement and analysis of the noise
produced by various kinds of aircraft and differs from the corresponding data
base produced by the aircraft manufacturers (refs. 6 to 8). EPA also con-
tracted with BBN to review the technical aspects of Appendixes A, B, and C

of FAR 36 and to recommend approptriate modifications (ref. 24).

The USAF is involved in a comprehensive program to acquire flyover
noise data on operational and future military aircraft. The procedures used
to acquire the flyover noise data are described in reference 25. These pro-
cedures are similar to those used for aircraft noise certification testing, but
modified to be consistent with USAF requirements for predicting airport

community noise levels.

The recommended procedures contained in this report were developed
considering current practice and the material contained in the above-mentioned

national and international documents.

ASSUMPTIONS FOR DATA PROCESSING AND ANALYSIS

The structure of a test plan for data acguisition depends in large
measure on the data-processing procedures that will be used, the data-analysis
technigques that will be employed, and the data-reporting requirements; that is,
on the total test objectives and the procedures for data handling and analyzing.
it was assumed for the purposes of this report that the data-acquisition and
data-processing systems would be planned to function together as a single
entity (though rather elaborate and sophisticated). The major assumptions

are described below.

Test Site and Flight Paths

it was assumed that the t224: wzuld be conducted in the vicinity of a
runway of suitable length and equipped with appropriate tracking, meteoro-

logical, and navigation aids. It was assumed that the tests would be conducted



with straight (or essentially straight) flight tracks for the duration of each
flyover noise recording. It was assumed that it would not be a purpose of an
ANOPO test program to evaluate acoustical effects as sociated with curverd or
banking maneuvers during takeoff or approach. It was also assurned thal it
woald not be a test purpose during any given flyover noise recording tou valuate
the acoustical effects of changing engine power setting or aircraft configuration,
Thus, although the test criteria, instrumentation, and many of the recom-
mended procedures would still be applicable, the test operations would have

to be modified to accommeodate thrust cutbacks during climbout and flap-
management schedules and two-segment glide slopes during landing approach.
The study of noise produced during transient engine operations may well be

a legitimate research objective for NASA, but is not felt to be within the scope

of flyover noise tests conducted for ANOPO.

Data-Processing Equipment

It was assumed that processing of the information acquired in the field
would be accomplished in a specially equipped laboratory. Data reduction
would be performed using automatic (or semiautomatic) procedures. The
services of a gualified calibration laboratury would be available to support

the total effort of data acquisition and data processing.

A large-memory, high-speed digital computer was assumed to be avail-
able to perform all the required calculations and to determine statistical

measures of the validity of the results.

No direct data links between a field station and a data-processing
laboratory and no on-line data processing were considered to be required for
the purposes of ANOPO test programs. A strip-chart level recorder and
other suitable instruments should be available in the field, however, for
monitoring the aircraft noise signals and the ambient noise levels and to

determine the cutoff times for the acoustic data recordings.

Basic Noise Data

It was assumed that the data to be produced would consist of 1/3-octave-
band sound pressure levels as a function of frequency and time, as measured

at each microphone location, throughout the duration of each aircrait flyover.



It was assumed that all sound pressure levels would be corected for deviations
from nonflat frequency response and for the presence of interfering ambient
noise. ''Duration'' here was assumed to mean from the time the aircraft nolse
signal first reached an ambient threshold level (i, e. » some finite amonnt, say
by 5dB, above the ambient noise level)to the time of final decreasc ol the signal
to the ambient threshold. This definition would apply to every 1/3-octave

band with geometric mean frequencies from 50 to 10 000 hertz (Hz). The
longest duration will generally be associated with one of the 1/3-octave bands
below 500 Hz,

The sound pressure levels would need to be known at regular, discrete
instants of time throughout the duration. The time interval between data
samples was assumed to be on the order of 0.5 seconds. It was assumed that
the total test system would be planned with a required accuracy of +1.0dB,
or less, for the measured sound pressure level data, and with a required

accuracy of + 0.01 second, or less, for the corresponding time identification.

Associated Parameters

The basic sound pressure level data were assumed to be accompanied
at every instant of time by appropriate information on airplane location
{(in %, y, and z coordinates of a reference point on the airplane, given the
X, y; and z coordinates of each microphone and the location of some bench-
mark on the ground for reference)., Coordinates x and y would be in the
ground plane (a plane containing the ground reference benchmark) with the x
direction in the direction of the extended runway centerline, the y direction
perpendicular to the extended runway centerline. The z coordinate indicates
height above the extended runway centerline. The required accuracy of the
measurements of the distance between each microphone and the airplane
reference point was assumed to be { 10 percent, or less. In addition to the
aircraft position data, it was assumed that the basic sound pressure level
data would be accompanied by information on airplane configuration (flap
setting, location of high-lift devices, and position of landing gear), on airplane
flight status (true airspeed, fuselage attitude, and weight), and on the power

setting of the engine(s) as well as a description of their acoustiral configuration.

ORIGINAL pagp
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It was assumed also that the basic sound pressure level data would be
accompanied by time-correlated measurements of appropriate meteorological
data. The meteoroclogical data would be required for determining adjustments
between test-day (as measured) conditions and some established reference
meteorological conditions. The adjustments would be applied to the basic
measured sound pressure levels and to the strength of the engine's noise
sources. The sound pressure level adjustments would account for differences
in atmospheric absorption along appropriate acoustic propagation paths as
well as ground reflection effects, for each 1/3-octave band and at each instant
of time, taking into consideration acoustic propagation times along the paths

and Doppler frequency shifts,

Anticipated Reference Conditions

In addition to data adjustments for the effects of nonreference meteoro-
logical conditions, it was expected that adjustments would be required to
normalize the basic data to a reference flight path, reference airspeed,
reference engine power setting, and reference aircraft configuration. Except
for the meteorological data, all of the reference conditicns would have to he
selected appropriate for the aircraft and engine being tested. Tlue reiference
parameters for the basic noise data were assumed to be referred net thrust
(Fn/rsam) and referred fan speed (N,/V8,,), where §_  is the raiio of the
ambient pressure around the aircraft to the standard atmospheric pressure
of 1.01325 % 10° N-m"2 (2116 1b- £t~ 2
. ture at the inlet to the fan (of a turbofan engine) to the standard air temperature

of 288. 159 kelvin,

) and 61:2 is the ratio of the total tempera-

" Meteorological reference conditions appropriate for processing all air-
craft flyover noise data would be established before conducting any tests.
Establishment of reference meteorological conditions would be required to
plan the flyover noise tests. The test criteria would then be selected so as
to minimize the magnitude of the resulting data adjustments due to deviations

from reference meteorological conditions,

For purposes of test planning, it was assumed that the reference
conditions would be:
{1) no wind

(2) runway at sea level



(3) atmospheric pressure at the surface equal to 1.01325 x 105 N.m?2

(or one standard atmosphere, ref. 26}

(4) air temperature at the surface equal to 298. 15° kelvin (25° rclsius
or 77° fahrenheit

{5) standard temperature lapse rate with height above the surface
(see ref. 26)

(6) relative hu.rnidity of the air at the surface equal to 70 percent

(7) standard lapse rate for the relative humidity with height above

the surface (see ref. 27)

It was assumed that the reference surface was at a height of 10 meters

{10 m) above ground level.

Although not exactly a reference condition, the assumption was made
also that the testé would be conducted in an environment with minimal ambient

noise using equipment having minimal background electrical noise,

Derived Noise Measures

The basic noise data would be adjusted for the presence of interfering
ambient noise levels, nonflat free-field frequency response, and the effect of
the windscreens. It was then assumed that the adjusted data would be used to
calculate various summary-type noise measures, such as A-weighted sound
pressure level, tone-corrected A-weighted sound pressure level, perceived
noise level, tone-corrected perceived noise level, and effective perceived
noise level, The tone corrections would apply only to true tonal components
of the received sound signal and not to spectral irregularities introduced by
ground reflection effects or atmospheric absorption. (Current algorithms for
computing tone-correction penalties, for example those in reference 17, can
assign tone-corrections to spectra having sharply falling high-frequency

sound pressure levels caused by atmospheric absorption effects,)
PURPOSE
The purpose of the report is to describe recommended data-acquisition

test procedures for measuiing aiicraft flyover noise levels and associated

parameters for various types of airplanes in various geographical locations,

ORIGINAL PAGE I
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SCOFPE

The scope of the report is limited to recommended procedurss for
acquisition of test data. The end result of following the recommended pro-
cedures are records that can be used in subsequent data processmg and

engineering analysis efforts.
APPLICABILITY

The recom:ﬁended data-acquisition pfbcedures are a_pp]icabie to mea.'s'ui"e-'
ments of the noise pfoduced by an airplane flying subsonically over (or past) a
‘microphone (or several microphones) located outdoors and above the surface:
of the ground, The procedures are applicable to fixed-wing airplanes (regard-~

less of weight) powered by turboJet or turbofan englnes (regardless of bypass
| ra.tlo) ‘and using conventional aerodynarmc means for takeoff and landing, but
. without afterburning (or duct burning) in the engine's exhaust nozzles. The
procedures include those for measurement of the noise produced by an air-
plane's engines, but not the noise produced by the motion of an a.1rpla.ne through
the air with the engines not opera’cmg (tha.t is, by nonpropulsive noise sources).
The procedures are not apphca.ble to measurements of the noise produced by
- an airplane on the ground (e.g., noise produced at the start of or during takeofi,
- noise. produced by reverse-thrust operations during landing, ‘or noise produced

during ground runup).
. MEASUREMENT OBJECTIVE

The objective of the tests is to determ1ne 1/3 octave-band sound pressure
1evels as a funct:Lon of t1rne a.s the aircraft flies over (or pa.st) the mlcro-.' N
phone(s). The nominal geometric Thean frequencies {center frequencies) of
" .the 1/3-octave bands. range from. 50 to 10 000 Hz ’w11:h nom1na1 center
frequency values as spemﬁed 1n reference 28. Sound pressure 1evels a.re 1n a
decibels (dB) w:.th a reference acoustlca.l pressure of 20 mlcropa,sca.ls
(20 uPa.) (ref 29) ' SR o L
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OVERVIEW OF RE COMMENDED TEST PROCEDURES

The recommended test procedures described below were developed in
consideration of the stated objectives of the NASA Aircraft Noise Prediction
Program, the intended uses of the test results, and the various assumptions

that were made regarding data processing and data analysis. It was apparent

that acquisition of acoustical data in the field would réquire recording on an

instrumentation-grade multiple-channel magnetic tape recorder. The ratio

-of the level of the flyover noise signal to the level of the electrical back-

ground noise in the total data-gathering system would have to be high. The
dyna.m:.c range of the recording system must be capable of handling a wide
range of signal levels. The ambient noise level should be as low as feasible.
Furthermore, the sound pressure levels should be recorded in an environment
where ground reflection effects do not introduce significant spectral irrepulari-
ties at any frequency in the range of interest, i.e., such that the sound pres-

sure levels are a uniform 3 dB above the corresponchng free ﬁ.eld values,

It was felt that the tests should yield free- f1eld sound pressure levels
because all the source noise-prediction schemes develoPed to date (see list
in reference .Z_J_pr.omde estimates of free-field sound pressure levels.,
Measurement of iree-field sound pressure levels would also avoid the highly
variable ground plane a.bsorptmn and reflection effects and would ehmmate
the need to account for reflection-induced pseudotones in subsequent data

analysis.

The test procedures recommended here involve a series of nominally
level flights over an array of microphones. The microphones are placed
under and to each side of the nominal flight path. - The microphones are _
installed on supporting stands at a height above the ground that is large

enough to ensure that ground-reflection effects occur at frequencies below

“the frequency range of the 50- Hz 1/3-octave- band fllter throughout most of

the flyover noise recording.

The test a1rp1ane ﬂ1es a predetermined ﬂlght pa.th with preselected -

.a1r5peed conﬁgura‘cmn, We1ght engme power setting, and height above

ground level. The tests are repeated a number of times to obtain data for a

2
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range of heights, airspeeds, engine power settings, and configurations,
Airplane position, meteorological data (at the surface and aloft), airplane
data, and engine data are all measured and time-synchronized with the sound

pressure level recordings.

The next four sections set out specific recommendations for test criteria,
instrumentation performance requirements, data-acquisition procedures, and

test operations.
RECOMMENDED TEST CRITERIA

While .it fna.y be technically feasible to conduct flyover noise tests at
many different locations a.nd under whatever meteorological conditions that
might exist at any given time, it is necessary to place certain restrlctmne on
the test site and weather conditions in order to assure the mtercomparablhty,
accuracy, and reproducibility of the test results. Moreover, at the present,
there are no reliable methods to account for some phenomena that occur
during the generation and propagation of sound from an aircraft to a micro-

_phone located near the ground. Thus, it is necessary to restrict the range of
certain conditions so that the tests are conducted under conditions that permit
the subsequent data analyses to account for those propagation eiffects that are
considered to be understood (e.g., inverse-square diminaition of the sound
pressure with distance in the far field of acoustic sources and atmospheric
a.bsorptmn of sound energy dur:.ng propagatlon through a st111 homogeneous

a.tmosphere)

The test cntena. described here are for three factors consuiered most
critical for succes sful ﬂyover noise test programs " namely, characteristics
of the test s1te, ambient noise levels, and meteorological condﬁ:zons. The
: recommended test cr1terla reflect the sta.te of the art in measur:mg a.n-craft
.ﬂyover noise. Improved test criteria w111 requzre add1tlona.1 research,

"~ especially in the areas of atmospheric attenuation, prOpagatmn at long
‘distances and in directions other than directly below the flight path; and

'-gro‘und reflections, as described in items 1 to 4 of Appendix A,
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Test Site Characteristics

Measurement of aircraft flyover noise levels for engincering research
and development purposes began in the early 1950s. For many years,
relatively little concern was given to the. c.haracteristics of the test site since
most tests were conducted with "target-of-opportunity" airplanes. Some tests

were even conducted over water with a microphone installed on a boat.

Since the mid-1960s, more and more attention has been given to the
selection of a test site, especially for noise certification tests conducted -
siﬁce 1970. In order to improve the intercomparability of test results, test
site requirements have become more restrictive and an area of controversy
because the cost of conducting tests increases rapidly as the specifications

become more restrictive.

An ideal test site might be one with a long, level runvs}a_y with a sea-level
elevation and surrounded by smooth, flat, treeless, unvarying terrain for
several kilometers in any direction. There would be no interfering air traffic

(or very little) and no restrictions on airplane maneuvering or operations.
The test site would be usable 24 hours per day and any day of the year,
The winds would be generally calm. There would be little or no precipitation

of any kind, and no fog or low clouds., The pressure, temperature, and

humidity would always be close to the reference values,

Vegetation, if any, in the region of the site would be quite sparse and

would not exhibit marked changes during different seasons of the year,

Access to the microphone locations would not require any special

vehicles or need a.ny spec1a1 permissions from local land owners (or land

" users). -

Ambient noise levels would be minimal, with no interfering noise from

other alrplanes, hlghwa.ys, :Ea.rmmg equlpment or even amma.ls, blrds » or

insects.

_ In practa.ce, of course, the selectmn of a test site is a compromse
among ‘the above conszderatlons. The chief factors involved in the decision

are the temperature and humidity of the air (and their vertical distributions)

and the wind.  Ambient noise levels can usually be accommodated or a run =~

 can be .repeated if some unusual sound was recorded., Other factors (such as
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servicing, airplane traffic, flight pattern restrictions, distance from a home
location, access, weather fronts, storms, and airport neighbors) can usually

be overcome with an impact on test schedule and program cost.

The effects of the terrain and ground cover on measurements of the
noise levels and weather parameters can be substantial, Ifa microphone is
located only a short distance above gr_ouﬁd level (say 1.2 m), then the noise
levels in much of the lower part of the frequency range of interest will have
contributions from both the direct signal from the airplane and a signal
reflected off the surface of the ground. The magnitude and phase of the
reflected signal depend on the nature of the terrain, i.e., on its acoustical
impedance. Different reflection effects will be obtained if the surface is
hard and quite reflective (e.g., concrete, asphalt, ox dry, sun-baked adobe
clay), or absorptive (e.g., grass with the absorptivity depending on the length
of the grass, season of the year, and whether the soil and grass are dry or
damp; or dirt that has been rototilled, freshly plowed, spaded, or is loose
sand). The magnitude of the reflection differences between hard and absorp-—
tive surfaces has not been quantified for 1/3-octave-band sound pressure

levels from aircraft noise,

Placing the txﬁicfophone oﬂ,' or flush with, the surface (say on an asphalt
or plywood surface) effectively eliminates spectral irregularities caused by
reflection effects, but 1ntroduces var1ab111ty in the resulting data caused by
tempera.ture gradients and turbulence near the surface, especially for fre-
quencies above 1000 Hz., For surface or flush installations it is difficult
also to determine proper micorphone frequency-response corrections for
different angles of incidence (at different times during a flyover); incorporation
of 2 windscreen over a surface-mounted microphone further aggravates the
problern of determining proper frequency response corrections for various
angles of incidence. '

.Plaei'ng. the. 3mic.rephohe on .a_ stand or support at a considerable distance
above the ground has several advantages. Srectral irregularities caused by
ground reflection effects occur at frequencies below the frequency reglon of
interest for most incidence angles. Variations caused by different types of
terrain or ground cover are ellmmated, thereby mcreasmg the number of
options for a suitable test site since terrain and ground cover would no longer

be important factors. The main disadvantage of locating the microphones at
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L ._.._.:recommended hez-g_. .

large heights to measure sound pressure levels that are essentm]ly 348 _
higher than comparable free-field values is the xeqmrement t use some tyre
of portable tower (rather than a simple tripod) to support the riic rophone,
preamplifier, and cable. Extra effort is neederd _t?_,' set up the o rophones
and to calibrate and check out the data~a.cquisitinn system, The advantazas
in 1mproved data rehab:.hty and test site ﬂL}.lblllty should outwu,;h LI

dis a,dvantage 8.

Thus, it is recommended that the test site ha.ve the follovnng,

charactensth :

General location. - The test site should be at an airport eq.'uiia-ped with

navigation aids and an‘air traffic controller. The airport should have as
little local traffic as possible. The airport should have at least one runway
suitable for takeoff and landing operations at the hea.w.est operatmna' weights
appncab;e to the test airplane. The runway ‘should be as level 2 possible
with & slope of ne more than 3 m in a length of 2 km. The runway elevation
should be do more than 400 m above mean sea. level and ;Jreferably no mere
than 362 m.  (Item < in Appendix A discusses the need for zdditional studv to

evaluate the eefecte of runway elevatmn. )

Terra:m. The terrain on both aides d.nd off uoth ends of the ';"é's'* runray

“should not have mountains or hills that would 1nter£ere with The :nnleu\renrg
of the zirplane o . produce reflections in the aircraft noise recevaings.. _’Ih;e
terrain around the microphones should be approximately flzi and oy el with
the runway with a qlope of no mozre than + 30 min 1 km (2 degr: zes} in any
direction for a distance of at least 2 krn. There should be no large bodies of
wa’tte'r (ponds, lakes, reserveirs, or oceans) near the microphone locations.
The nature of t11e ground cover around the m1crophones is not important so
long as it is not too unusual (e £y exten51ve shrubs and bushes; fresh and

deeply plowed cTround ﬁelds of tall grasses suc.h as wheat, alfalfa or cornj

' .--_'-oxchards, vmeyards, and vegetable fw.Lds shouj.é. .114 be ava.ided) The rno:r.st--'.::

.oare centent of the :Oﬂ. al‘orand the rrrzerapncnes is al_.o net too 1mportam: so g

Yong as the. ml\.rophones and surface weather stmmns are maunted‘ t the
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Obstructions, - Obstructions and large reflecting objects or structures
must not be present behind the microphones or between the aircraft's flight
path and the line-of-sight to the microphones. Obstructions between the air-
craft and the microphones can cause shadowing and spectral distortiens in
the received sound signal. Reflections from objects behind the microphones

can also introduce unwanted spectral effects.

Items that can act as obstructions or feflecting objects consist of trees,
buildings, water storage tanks or tewers, hills, large trucks or vans, and’
other similar objects. Personnel involved in the test also constitute reflect-
ing objects and should not be near the microphones when the aircraft noise
signal is being recorded, | '

In addition to the requirement to have an essentially free acoustic field

for the sound to propagate through to each microphene throughout the duration

of each noise recording for each test flight, it is also necessary for the
airplanestracking crew to be able to track the test airplane as it enters and
departs the test area. An obstruction-free zone is recomrmended that extends
horizentally 10 km in any direction from the test site and from the vertical
down to 10 deg above the ground plane at the location of the airplane tracking
facility. ' |

Weather. - In addition to the physical constraints described above, it is
mandatéi;f to consider average diurnal and seasonal weather conditions ekist-
ing at potential test sites. In this regard, experience has shown that it is
desirable to have alternative test sites in addition to a primary test site so
that test operations can be moved if necessary to a site forecast as able te

meet the meteorological requirements.

Sites should be avoided that have many days with rain, snow, sleet, or
hail, or that have many days with poer visibility because of fog or low clouds.
Sites should also be avoided where the atmospheric conditions are stable for
less than a few days at a time due to the periodic'pas'sage of weather fronts.
Sites should also be _avéided that have regular and strong inversions of the
normal terhpera-tu-re-height profile that persist for several hours for many

days each year.
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Sites located near large bodies of water have regular daily patterns of
on-shore and off-shore breezes, The on-shore winds increase in strength
from the morning to the afternoon as the earth is heated by the sun; off-shoi >
winds occur in the evening as the land cools. Winds (and atmospheric turbu-
lence) usually occur before, and especially after, the passage of a frontal

system through the test area,

Winds (at the surface and aloft) cause special problems in the measure-
ment of aircraft flyover noise. Wihd--induce_d turbulence can cause
large fluctuations in the amplitude of the received sound signal. Winds and
turbulence alse make it difficult for the pilot to fly along the desired flight
path or to maintain the desired flight speed (within the specified tolerance
limits)., Winds can also cause significant variations in both the horizontal
and vertical distributions of temperature and humidity. Special attention
therefore should be given to choosing test sites that can satisfy the desired
wind limitations, for at least several hours a day for most of the days during

the year, when the site also satisfies the temperature and humidity constraints.

Ambient Noise Levels

Ambient noise level is the noise level indicated by the data-acquisition/
data-processing system in the absence of any aircraft noise signal, This

definition includes electrical background noise. -

Once a test is underway there is little that can be done to reduce the
ambient noise levels. Therefore, it is recommended that sound level surveys
be made, prior to conducting any tests, in the area around candidate test
sites te assess the prevailing level of intermittent and steady-state ambient
noise at different times of the day on various days of the year. A precision
sound-level meter {(one meeting the Type 1 specifications of reference 30)
should be used for the surveys. Measurements should be made with t‘ﬁe
microphone 1.5 to 2 m above the ground, Values should be obtained for both

linear (no frequency we1ght1ng) and A-weighted sound pressure levels.

It s recommended that the linear sound pressure levels be no mere
than 70 dB (preferably no more than 60 dB) and that the A-weighted sound
pressure levels be no more than 55 dB (and preferably no more than 45 dB).
There should be at least a 15-dB difference between the linear and the
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A-weighted sound pressure levels, All measurements should be taken with
high meter damping (slow sczle) and averaged over several seconds to obtain
the average of the maximum and minimum sound levels present at the time
in accordance with the recommended procedures in section 8 of rceference 31,
The values of linear and A-weighted sound pressure levels are consistent
with those noted in previous flyover noise tests, refs. 9 and 32, The recom-
mended values for A-weighted sound pressure levels are also consistent with
those reported in reference 33 for rural areas with little or no traffic noise
and during daytime hours, Somewhat lower values would be expected at
night, perhaps a mean value of 40 dB in a rural area away from traffic.

There should be no discrete-frequency tones audible to the person
making the measurement (assuming he has normal hearing acuity). In
particular, there should be no tones at 60 Hz, or higher harmonics, radiated
from nearby electrical power transformers and no audible tones due to wind-
induced vortices shed from electrical power lines or telephone wires.

. If ambient noise level surveys show that the candidate test site meets
the recommended criteria, and if the ambient noise levels during a test do
not exceed the maximum reemmehded values, then there should be few
problems with ambient noise interference throughout the range of engine
power settings and microphone-to-airplane distances envisioned here for air-

craft for which the recommended procedures are applicable,

Meteorological Conditions

More controversial than the specification of cﬁteriag for the character-
istics of the test site is the specification of criteria for meteorological
conditiors, and for good reasons, Atmospheric propagation effects are comi-
plex and important, The understanding of the physical phenomena is not
complete. '

' Atmosphenc factors cause large ﬂuctua,tmns in the amplitude of the
 sound pressure, at a ‘given point in space between the source and the receiver,
‘and also cause large reductions in the mean acoustic energy carried by a

sound wave as it propagates, especially at the hxgher frequencies, Propagation

and pressure. Since most a.ircraft noise. has a ra.ther broadband spectrum



and is analyzed with constant-percentage-bandwidth filters, the spectral
slope of the noise and the frequency-responsc characteristics of the filters
must also be taken into account because they affect the apparent magnitude

of the propagation loss.

Atmospheric absorption mechanisms have been studied for many years.
The acoustical energy carried by a sound wave is reduced by so-called
classical processes and by molecular resonance effects., Classical losses
are a function, principally, of the viscosity anrd heat cenductivity of the
medium., Molecular losses are due mainly to vibrational resonances of

oxygen, nitrogen, and water rnolecules.

As a result of a need to have a uniform method of adjusting measured
aircraft flyover noise levels to comrnon meteorological conditions, the
SAE A-21 Committeé organized an effort in 1962 to develop a procedure,
An SAE Aerospace Recommended Practice was subsequently issued on
31 August 1964, '

This decument (SAE ARP 866) has been incorporateu directly in various
national and international regulations and standards (refs. 14, 16,17, and 18)
as the basis for defining the prece‘dure for adjusting from test to reference
conditiens, The 1964 document was issued as a revised document in 1975 to
provide equations for calculating atmospheric absorption coefficients, and to
improve the quality of the figures (ref, 34), The current interim NASA
ANOPP method of accounting for atmespﬁeric absorption losses (ref. 35)is
based on the revised SAE document (SAE ARP 866A),

With all the background and documentation, is there any feason to be
concerned about the é-tmos-pheric absorption component of propagation losses?

The answer to this question appears to be yes.

In 1971, Working Group $1-57 of the S1 Standards Committee on
Acoustics of the American Naticnal Sta_.-nc;]a.rés Institute {ANSI) was formed
under the sponsorship of the Acoustical Society of America to look into the
question of producing an American National Standard on atmospheric absorp=
tion. This effort was c—:ohsidei’ed to be rcquired because additional laborateory
experimental data obtained since 1962 showed that the absorption coeefficients
predicted by the SAE procedure were not correct. Furthermoré, ‘the pre-
eec}ures recommended by the SAE method for determining the loss over a
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propagation path and the method of accounting for the loss in a-band of noise
(knowing the loss coefficients for pure tones) wete considered inappropriate.
Although Working Group $1-57 has produced several draft documents, no
ANSI Standard was published on atmospheric attenuation of sound in 1976,

This discussion dees not mean that the procedures of SAE ARP 866 A
should be discarded. On the contrary, all previous attempts to apply the
recommended procedures of ARP B66A to test data have shown that, on the
average, the methods of ARP 866 A work reasonably well. Most of these
judgments, however, have relied con summary data (e.g., maximum per-
ceived noise level or effective perceived noise level) and. used only "surface"
measurements of air temperature and humidity to represent conditions aleng
the "'propagation path"”, For more detailed studies, it is necessary to define
meteorological conditions aloft and to be more specific about the definition
of acoustic propagation path for each 1/3-octave band in te frequency range

of interest, for each instant of time of interest,

A study reported by FAA personnel (ref, 36) used enly the sound
spectrum at the time of maximum tone-corrected perceived noise level
(according to the rulés of ref. 17), It showed that spectral adjustments from
test to reference conditions were more reasonable for the cases exarnined
when done using a "layered atmosphere" approach rather than by assuming
the surface conditions applied throughout the propagation path. Thus,
ignoring inverse-square propagation spreading losses, the adjustments were
based on

j
I“'p, adj ~ I"p,meas Z._:: 2j = 3ref) di (1)
mstead of the FAR 36 method with

LP: adj = L., meas ' (3~ 2 .ef’ d o | | (2)

where L , adj and Lp' fheas are the adjusted and measured sound pressure

levels in decibels at the surface (in any 1/3 octave band), a, a;, and a_ ref

are atmes;ahenc absorptmn coefficients in dB-m” -1 determined for 1/3-actave '

bands from SAE ARP 866A for test and reference conditions, and d or d
the propaga.tmn path length in meters.

i
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For equation (1), the propagation path is broken into j segments with
each segment occurring in a horizontal layer that is 30 m, or less, thick.
For equation (2), there is only one absorptien coefficient for the one prop-
agation path length. The value of a in equation (2) would be determined
from measurements of temperature and relative humidity at a height of 10 m
at a location near the microphones, or at a nearby airport facility approved
by the FAA and also usually at a height of 10 m above ground level.,

The recommendation of the ANSI Working Group S1-57 for computing
adjustments between measured and reference meteorological conditions for
propagation losses of bands of noise under nonhomogeneous atmospherie

. conditions is shown in equations (3) and (4) for levels at a receiver location:

+ (AL

Lp’a'dj N LP:meaS _ B, meas ALB,ref) (3)
where
[
_ e 16y : 2 _
ALB,meas - ALB_', ref = 10 nglO f Pineas (f) v ) x
1
o jgs |
exp |2 ¥ ®meas®t | X
T
E . ]
exp(-z f a'refdg af | /
\ és '
[*2,
J meas(‘f) T (f) df ' (4)
f ,
1

The process indicated by equations (3) and (4) is equivalent to adjusting
the received sound spectrum, in each frequency band for each instant of time,
back to a source point (under measured meteorological conditions) and then
computing the atmospheric absorption loss that the source sound spectrum
would have encountered in propagating back along the same path to the
receiver point (under reference meteorologmal condﬂ:wns}. Numerical
integration techniques are required to evaluate equa.tion (4). Inve_r'se_-raqdare
losses are ignored, . . _ o _ _ _
2 ORI )
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In equation (4), AL and AL are the band propagation
B, meas B, ref
losses, in decibels, under measured and reference meteorological conditions,

respectively; p (f) is the power spectral density of the measured mean

2
meas _ -2.2 .

square sound pressure at the receiver, in (N-m ) ; 7({) is the nondimensional
power transmissibility function for the frequency response of the actual filters
used to obtain the band levels of the received sound spectrum; £, and f, are

the lower and upper frequencies, respectively, defining the significant trans-
mission of the filter for the received sound spectrum, in Hz; @ eas and

@ of 3T€ the pure-tone atmospheric sound attenuation constanta, in nepers - m~ -,
for the measured and reference conditions, respectively; and E and 'é are

the coordinates, in meters, of the réceiver and source points, respectwely. ,
The atmospheric sound attenuation constant is a complex function of fre-
quency, temperature, humidity, and pressure and would be determined, for

a given frequency, for measured or the reference conditions aleng each

propagation path.

| If the atmosphere were homogeneous along the sound propagation path,
then o _and a___. would be constants, for a given frequency, and the
meas ref . :
integrals in the exponential terms could be replaced by exp (2 @ eas £ ) and
exp (-2 «__. & }and combined as exp [Zlﬁmeas - ayef)¥ ] where § is the

length of the propagation pa.th at each instant of time fer which there are data.

It should be noted that SAE ARP 866 was develeped with the best theo-
retical guidance and laboratory experiments available at the time and was
confirmed in 1963, and reconfirmed in 1969, by an ad hoc subcommittee of the
SAE A-2]1 Committee with best-available measurements of flyover noise
levels and meteorological data. The data that were examined were the
results of tests conducted by several organlza.tmns in d:fferent pa.rts of the

world,

The studies reported in references 11, 37, and 38 also examined

- various 'ﬂyaver noise measurements to extract atmospheric absorption
coefficients. These studies all concluded that there was good agreement
between experimentally derived absorption losses and those computed by the
method of SAE ARP 866A, though severe signal-to-noise-ratie (dynamic

range) problems in the higher frequencies limited the scope of the comparisons.



When the new procedures are approved by ANSI and evaluated in actual
use, they should provide an improved method of determining pure-tone
atmospheric absorption losses based on fundamental physical principles.
Absorption losses for bands of noise will be determined differently than now
done by the metheds of SAE ARP 866A. The biggest difference will be in the
procedures for de-térrnin-ing the loss in a band of nois¢ over a given propaga-
tion distante and aéjusting from test to reference conditions, The consequence
will be different procedures for analyzing the test results and different
meteorological test criteria. A greater flexibility in the choice of test site
and in the -teét operations should also derive from the new ANSI procedures,
_Eventually, it may be feasible to conduct tests at any convenient location
under any existing conditions for temperature, humidity, and pressure

(assuming negligible effects of wind and turbulence).

Unfortunately, the new procedures are not available and have not been

exposed to any trial use. The procedures of SAE ARP 866 A should be retained,

therefore, until additional research has been conducted te evaluate improved

procedures. (See item 1 of Appendix A.}

Temperat\ue/hummxgy Figure ] traces the historical development of

temperature and relative humidity lirnits. Figure 1(a) shows the 1969 limits
from refs. 17, 18, and 25, except that Annex 16, reference 18, perrmits tests
to temperatures of 2° C (instead of 5 C as in FAR 36 or the BBN recom-
mendation to AMRL), The temperatures and humidities in figure 1 (a) are
measured at a height of 10 m above ground level. There is no requirement
for measuring meteoroleogical data above 10 m, except for the caveat that
there is to be no temperature inversion that would significantly affect the
noise level of the aircraft. -

The rationale for choosing the temperature /humidity limits of figure 1)
- wasg, first, the assumption that data measured at a height of 10 m would be
representa.tive of conditions along the sound propagation paths and, second,

the desire to avoid those conditions w‘nere SAE ARP 866 predicted excessive

- atmospheri¢ absorption losses and hence éxcessive adjustments to reference
conditions (i.e., primarily at relative humidities less than 30 percent at low
temperatures). The upper relative hum1d1ty 11m1t of 90 percent was chesen

to avoid humidﬂ:y problems with the data- acqu1s1tmn instruments (primarily

arcing -prable,;ns with the widely used air-dielectric capaciter microphones)

—



AIR TEMPERATURE, °C

AIR TEMPERATURE, O¢

40

30

20

10

-10

40

30

20

-10

TESTS ALLOWED IN THIS
REGION OF TEMPERATURE
AND HUMIDITY

RN '

TESTS

NOT

| ALLOWED

IN THIS
REGION OF
TEMPERATURE
AND HUMIDITY

i
L
' // i

(b) 1SO DIS 3891

%

L

TESTS ALLOWED IN THIS
REGION OF TEMPERATURE
AND HUMIDITY

i | | 1

l‘\ NN \\\\l NNNANNN \\}\\\\\\\\\\ \} NN

APPROXIMATE
ENVELOPE

L I bl

I

20 40 60 80
RELATIVE HUMIDITY, PERCENT

{e) USA proposal to ICAQ at CAN 4

100

0 20 40 60 80

RELATIVE HUMIDITY, PERCENT

(d) Surface climatological data in the USA

Figure 1. -Temperature/humidity limits,

25

100



and to help ensure that there would be no precipitation during the tests. The
low temperature limit was also chosen te aveid instrumentation problems

that have been noted at lower temperatures, as well as the human and oper-
atienal probleins accompanying below-freezing temperatures. The high-
temperature limit was selected mostly to avoid the loss in engine takcoff
performance (and consequent reduction'in airplane climb capability) oceurring
when the temperature exceeds 30° C, These considerations are relevant still
to tests conducted for ANOPO ob_]ectwes.

Figure 1{b} shows the temperature/humid;ty limits adopted in 1974 by
the Working Group preparing the draft ISO measurement standard for ICAO
in support of the revision of ICAO Annex 16. The rationale here was to
limit the magnitude of the absorption coefficient (determined by the method
of SAE ARP 866A) to some value in a critical band, Since the Ingher fre-
quenéy bande always have the largest absorption losses, it seemed reasonable
to choose the band ¢entered at 8 kHz because 8 kHz was the highest center
frequeney-in the frequency range of interest for both an octave and a 1/ 3-octave
~ band. A limitation of 10 dB: (100 m)‘l was selected to define the temperature
and humidity limits. Given a referenee atmospheric absorption coefficient
. of 4.9 dB- (100 m)~! at 25° C and 70 percent relative humidity in the 8 kHz
band and assuming equation (2) is valid, then the restrictions of figure 1(b) .
permit a 20.4 dB maximum adjustment in the 8-kHz band for a propagation
distance of 600 m, a typical overhead distance for takeoff hoise tests. -

The new features of figure 1(b) were the inclusion of cold, dry conditions
(lower left-hand part of the £i_'_g1_i'1'-e) and the requi.reme-nt' that the tempera'ttiire
and humidity were to be in the acceptable regions everywhere along all sound
 propagation .'p_athe between the aircraft and the microphone. This second
requirement meant that meteofolog'ical measurements were required to
heights at least equal to the aireraft's height in order to assure compliance,
Also note that the practlcal limits on temperature or relative humidity in

figure 1(a) were not included,

Figure l(c) shows the compromise expanded proposal made by the USA :
delegation to the Fourth Meeting of the ICAO Committee on Aircraft Noise - ' *
(CAN 4) in January and February 1975. This proposal adopted the hpper
boundary line from DIS 3891, ﬁgure 1{b), but added add1t1ena1 restnctmns
on temperature and relative humidity. : . ' , )
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The upper temperature limit was increased to 35° C (95" F) from
) 30° G (86° F) of figure 1(a). The lower tempcerature 1imit was reduced to
2.2° C (36° F) from 5° C (41° F). The upper relative humidity limit was
increased to 95 percent from 90 percent, Thu lower relative humidity limit
was kept at 30 percent except where limited by the criterion of 10 dB- (160 m)-}
in the 8 kHz band. _

In addition to the new limits, the proposal required sampling of u'ppé-r

atmospheric meteorological conditions, The new 1imits, like those for

figure 1(b), were sntended to apply everywhere along all sound propagation
paths from the test airplane to the micrephones. If there were inversions of
"the normal lapse gradients for air ternperé.-ture and relative humidity, then

a layered-atmosphere analysis, equation (2}, must be performed using layers
that were no thicker than 30 m. Testing would be permitted with temperature
inversions of as much as 9° C in 300 m (5° F in 1000 it). Meteérelgical
data, however, have to be meagured from a height of 10 m to at least the
height of the test airplane and at least as often as every 0.5 h during the test

" and must be interpolated to the actual time of the flyover noise recording.

 Local inversions can exceed the rate of 9° C in 300 m provided the layered-
atmoesphere arrla.lysi-s‘uses_ layers that are locally less than 30 m thick, Com-
pared to the original FAR 36 requirement, the requirements and interpretations
accompanying figure l(e) add a cost burden, but probably provide more-

representative sound pressure levels.

The omission of the optian to test under cold, dry conditions is probably
realistic as shown by the climatological data in figure 1(d). These data from
. reference 39 represent typical maximum and minimum values for the months
' of January and July for a sample of 22 cities in the USA, including Fairbanks,
Alaska and Honolulu, Hawaii (see table 1). The only data-omittéd from
figure 1(d) were the minimum January data for Fairbanks (-29.7°Cat 68 per-
e-e.nt) and Intei:nationa.i Falls (--22;.3° C at 73 percent) a.né-’éhe masximum July
data for Phoenix and Yuma, Arizona (40.3° C at 20 percent and 41.6° C at
- 23 p‘ereén‘t—). All data tepresent surface measurernents and probably are for
a height of about 1.5 m above the ground. (Note that the data in ﬁgure 1(d)
represent typical maximum and minimum rather than extreme conditions;

_ there were hotter and colder, and 'moist'e.r' énd drier days in reference 39)..
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TABLE 1. MAXIMUM AND MINIMUM TEMPERATURLES
AND ASSOCIATED RELATIVE ILUMIDITIES IN
VARIOUS LOCATIONS DURING 1972

JANUARY JULY
DAILY TEMP (°C) | REL HUMIDITY (%) | DAILY TEMP (°C) | REL HUMIDITY (%)
LOCATION MAX | MIN MAXT | MIN T MAX | MIN MAX T|MIN T
ROCHESTER, NEW YORK 0.3 | -79 66 73 28.1 | 159 53 81
DETROIT, MICHIGAN 07| -72.2 69 78 288 | 161 53 82
INT. FALL, MINNESOTA -99 [-223 68 73 258 | 11.6 57 87
PHOENIX, ARIZONA 178 | 18 30 66 40.3 | 239 20 47
JACKSON, MISSISSIPPI 146 | 30 64 86 338 | 22.1 80 93
MIAMI, FLORIDA 243 | 144 60 84 N8 1247 64 86
SAN DIEGO, CALIFORNIA 18.1] 74 5.4 69 249 | 174 67 g2
HARTFORD, CONNECTICUT 15 | —8.2 57 72 29.4 | 16.6 51 80
CLEVELAND, OHIO 19 | -59 69 75 280 | 16.3 57 82
SEATTLE, WASHINGTON 64| 06 76 81 242 | 123 49 84
ATLANTA, GEORGIA 11| 29 60 79 06 | 215 64 90
NEW ORLEANS, LOUISANA 180 | 7.4 67 86 326 | 226 66 a1
HOUSTON, TEXAS 17.3| 42 64 87 342 | 218 57 93
YUMA, ARIZONA 19.3| 44 26 55 416 | 259 23 49
LONG BEACH, CALIFORNIA 185 | 49 50 72 278 | 16.2 52 82
PORTLAND, OREGON 65| 08 77 86 259 | 132 25 83
DENVER, COLORADO 5.6 | —9.6 44 62 313 | 14 % 73
WICHITA, KANSAS 53| -5.4 63 74 336 | 208 46 79
BOSTON, MASSACHUSETTS 2.7 | -5.0 58 67 27.7 | 186 56 73
CHICAGO, ILLINOIS 0.2 | -88 68 76 289 | 163 58 82
FAIRBANKS, ALASKA -18.2 |-297 67 2.7 1 .87 50 78
HONOLULU, HAWA I 26.2 | 188 64 79 202 | 228 51 67




The data and the envelope shown in figure 1(d) are consistent with the
summary of 10-y surface meteorological data given in reference 40 for
11 different sites in the 48 contiguous states of the USA, except far the
extremely cold winter cenditions noted for Caribou, Maine; Glasgow, Montana;

Green Bay, Wisconsin; and Columbia, Missouri.

The point to be noted here is that the omissien of the cold, dry region
of allowable temperature/humidity cembmatmns in thé lower left part of
figure 1(b), below the bottom 10 dB+ (1060 m)~ boundary curve from the pro-
posed ¢riterion in figure l{c), is compatible with conditions likely to be
encountered in a real situation., Extremely cold and dry conditions might be
encountered in Antarctica or on the plateau of the Greenland ice cap, but
not at many airports that are current candidates for aircraft flyover noise
tests. Note also that, on the average, the extremely hot and extremely humid
conditions 6f the upper right-hand corner of figure 1(d) are just not found in
the USA.

The vertical distributions or profiles of humidity and temperature must
be considered along with the limiting values in a complete specification.
Actual profiles are highly variable and trend lines repreésenting average cone

gitioné are difficult to establish especially for humidity.

A fundamental measure of moisture content used by meteorologists is
the mixing fatio or the dimensieonless ratie of the rﬁass of water vapor con-
tained in a given sample of moist air to the mass of dry air with which the
water vapor is associated in the sample of moist air. A vertical profile of
the middle-latitude mean annual mixing ratie is given in table 3=25 in
reference 27 and is shown as the solid line in figure 2(a) for heights up te
5 km above a surface at sea level elevation. The curves are plotted in the
asual meteorological format with height or the ordinate and meteorol-gmal

parameters on the abscmsa.

~ For 1n£ormatmn, figure 2(a) also shows the carrespondmg variation of
mean annual absolute humidity, in kg'm 3, and mean annual molar water
vapor con¢entration, in percent. Absolute humnidity is the ratio of the mass
of water vapor in a given sample of moist air to the total velume occupied by

the sample of meist air at a specified pressure and temperature. Molar
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concentration (or mole fraction) for a given velume of moist air at a given
temperature and pressure is the ratio of the number of moles of water vapor
to the number of moles of water vapor and dry air., Absulute humidity is the
basic measure of humidity used in the method of SAE ARP 866A. Molar water
vapoer concentration is the basic humidity measure used in the methods being
developed by ANSI Working Group S1-57.

The mean annual curves shown in figure 2(a) represent the average of
data with a very wide range of variability, According to reference 27, 90 per~
cent of the actual midlatitude humidity data will range within plus or minus
one order of magnitude of the mean annual line.

The mean annual variation of the midlatitide relative humidity and air
temperature is shown in figure 2(b). The temperature variation is that for
a U.S. Standard Atmosphere, reference 26, and represents dry air of standard
composition at middle latitudes. The mean relative humidity is shown as a
function of height above the surface with a gradient in the first 4 km of
-6.5 percent per kilometer. The gra&ient of the mean temperature profile is
<6.5% C per kilometer and, accc)rding to reference 26 this gradient exists to
2 height of 10 km.

While the gradients of the temperature and relative humidity profiles in
figure 2(b) may be representative of average gradients in the atmosphere above
airports where aircraft flyover noise tests might be conducted, the absolute
values of temperature and relative humidity may not be appropriate., The
45-deg-north middl-e-la-titud‘eri-s actually rather north of most likely candidate
test gites since it is at the latitutde of cities such as Bangor, Maine;

Minneapolis, Minnesota; and Salem,; Oregon.

Reference 41 contains additional information on the staﬁdard variation
of meteorological parameters with height to supplement the data in the 1962
standard atmosphere in reference 26, The data in table 2.1 of reference 41
desciibe seasonal effects on temperature and hurnidity at latitudes of 159N,
309N, 45°N, 60°N, and 75°N. Seasonal effects are described by data for the
months of January and Jualy.

The data for 30°N (dcfined as subtropical and representative of locations
such asg Jacksenville, Florida; New Orleans, Louisiana; and Houston and
San A-.nton-io, Texas) and for 45°N are shown in figure 3,

a




Some observations about the data in figure 3 are that, for 459N latitude,
the relative humidity decreases as the temperature inereases from January
to July, and, for 30°N latitude, the relative humidity remains roughly con-
stant below 1.5 km and increases substantially above 1.5 km between January
and July. We also see the expected trend that there is less seasonal variation
in temperature nearer to the equator at the 30°N latitude than at the 459N
latitude.

The temperature profiles are steeper (approaching isothermal) below a
breakpoint in January than in July. Above the breakpoint, the gradient is
approximately the standard grandient of figure 2(b) of -6,59 C per km, The
height of the breakpoint decreases between January and July.

The mean 45°N relative humidity profile of figure 2(b) is quite close to
the January 452N profile of figure 3(a).

The standard 152 C surface temperature for 45°N latidue is 4° C greater
than the mean of the January and July surfa'(-:e temperatures, From figure 3(b),
however, it does appear that a 152 C surface temperature represents a
reasonable overall mean value for the continental USA. A corresponding value
for surface relative humidity would seem to be about 77 pércent. The 75 per-
cent value of figure 2(b) is probably a reasonably representative number,
The combination of 252 C and 70 percent relative humidity selected for
reference conditions for noise-type certification do not represent commonly

occurring surface conditions (and were net meant to).

Finally, we note that thez_'e' are no inversions {increasing temperature
or humidity with increasing height) for any of the average data in figures 3{a)

or 3(b). There are kinks, and discontinuities, but no inversions.

Inversions, especially below 1 km, are relatively commeon in the early
morning until the sun has heated the surface of the land and there has been
some turbulent mixing of the atmosphere near the surface with the upper
_afmosphere. The morning hours after sunrise, however, are usually the
most ¢alm and may provide the best times for conducting flyover noise tests.
Thus, while desirable not to, it may be necessary to cbnduct some flyover

noise tests with temperature and Lhumidity inversions,



& - _—
] | i
\
)
\
\
4 b \ ]
LATITUDE
i =0
3 asoy —
2 -
N —
o L . i 7 oN\W _
30 40 50 60 70 80 90

RELATIVE HUMIDITY, PERCENT
{a} Reletive humidity profiles

HEIGHT ABOVE MEAN SEA LEVEL, km

JuLY
-
LATITURE
\ 45N -
caw - 30°N
N =5
\
\
\
A A S
0 w20 30 40

\ AIR TEMPERATURE, °C
(b} Temparature profiled

Figure 3. -Seasonal effects on humidity and temperature profiles at mid- (45° N} and”
'  sulitropical (30° N) latitudes.




Based on the above discussions, the following temperature and relative
humidity limitations are recommended as part of the test criteria, If con-
ditions change during a test so as to fall outside the limits, }:h-e test sheuld be
terminated and rescheduled,

(1) Air temperature and relative humidity should be inside the allowable
region described in figure 4 throughout the test and from a height
above ground level of 10 m to a height at least equal to the maximum
height of the test airplane occurring during the duration of any flyover
noise recordings. (Note that figure 4 is the same as figure 1(e),
but with the lower temperature limit extended from 2,2°C to 0°C,
and with no lower limit on relative humidity except that provided
by the 10 dB * (100 m)'l boundary. This extension was considered
reasonable since, without inversions, the temperature aloft will
usually be colder than the 10-m surface temperature. The require-
ment that the conditions throughout the range of heights be within
the e-nvélope will therefore usually mean that the sarface tempera-
ture will not be below 5° to 8°C. The elimination in figure 4 of the
30-percent lower limit for relative humidity in fig.:re 1l(c) was con-
sidered reasonable because of the requirement that conditions aloft
along all sound propagation paths had to be within the envelope
in figure 4 and because of the assumption that absorption effects
sccutring under nonreference meteoroclogical conditions would
be accounted for during data analysis,

(2) Air temperature and relative humidity measurements sheuld bé
made at one, or more, stationary locations, ata height of 10 m
within the array of microphones, and as a function of height above-
the-ground-surface by suitable airborne instruments. If the data
from thie stationary tower and the weather-aloft data at a height of
10 m differ by more than 30, 5° C in temperature or #1.5 percentage
points in relative humidity, the reason should be determined and

_ the differences resolved before the 't-est proceeds,

(3) Tests rhay be conducted with inversions in the temp-efam_re and
relative humidity profiles. but conditions must always be within
the allowable region of figure 4 throughout the range of heights

and throughout the duration of all flyover noise recordings.
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The height interval between meteorological data samples must
be fine enough to resolve the extent of the inversion, preferably
ne more than every 20 m for strong local inversions.

(4) The air ternperature and relative humidity at the 10-m height
should be as close to the reference values as possible,

(5) The horizontal extent of the region of the atmosphere to which these
restrictions are meant to apply is intended to be such that the
weather-aloft data are applicable to the longest sound propagation
pa;th$ at the beginning and end of each flyover neise recording,

as well as the shortest sound propagation paths.

Winds. - Winds and wind gradients c¢reate special problems for outdoor
noise measurements. If the receiver is upwind of the noise source, the
. receiver could be in a wind-created shadow zone and measure abnormally
low sound pressure levels, Conv_e.rs:ely_, increased sound pressure levels

could be noted at the location of a receiver downwind of a noise source.

e

Winds also increase the level of the ambient noise.
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Wind gradients and wind shears aloft may also cause the sound waves
to be refracted from the path they would have followed in an atinosphere with-
out wind gradients. Wind shear is defined here as the change in the herizontal

wind occurring in a given height interval, i, e., the vertical wind shear.

Wind gradients and wind shears also affect the operation of the test
airplane (and weather airplane if one is used) and may make it difficult to
maintain heading, airspeed, and height. Winds not a.lig'n;_ad with the aircraft's
heading (crosswinds) may also affect the operation of the engines, perhaps
causing unusual or increased noise levels or require special flying techniques

that produce unusual directivity of duration patterns.

Pressure fluctuations caused by wind flowing around a microphone
produce spurious noises in the recorded signal and increase the effective
ambient noise level. Windscreens can reduce these spurious noises although
the windscreen will affect the frequency response of the microphone (by
different amounts at different angles of incidence). Furthermeore, the
reduction in wind noise provided by the windscreen varies with frequency

and decreases (usually) as the wind speed increases.

Fricvlion caused by the wind blowing over the surface of the land
produces turbulence. The strength of the turbulence varies greatly in time
and extent, both horizontally and vertically (ref. 27). Frictional effects
depend on surface roughness and thermal 5trdtifiCa.tion. Turbulence is also
associated with wind gradients and wind shears, Inhomogeneities in wind
velocity associated with 'blobs' or ‘teddies' of atmospheric turbulence can
reflect and scatter sound waves and r-es.ult in very large (10 dB), short-

duration amplitude fl‘uetuations at particular locations in the sound field.

- The principal atmospheric turbulence quantities of concern to sound
propagation are thought to be temperature and velocity (wind) fluctuations.
Temperature fluctuations cause fluctuations in the speed of sound. Velocity
fluctuations can distort the path of the sound rays and hence the waveiront,
The result may be .geattering of the sound waves and, at a given point in the
direction of propagation, fluctuations in the amplitude and phase of the sound
wave. The net result may be a reduction in the sound pressure level at a

microphone located in the original propaga.tmn direction because some of the

' angmally 1nc1dent sound energy has been Scattered away to another dxrectmn.




Failure to recognize ray- -path bends that might have occurred during propaga+
tion may mean that propagation corrections may not be applied properly and
that acoustic emission angles from a source, or sources, of sound may not

be properly identified.

The influences of atmospheric turbulence on sound propagation are not
yet quantified (ref. 42) although one study has indicated petent:ally large
effects (ref. 43). At the present time there dees not appear to be any good

method for quantitatively evaluating the effect of turbulence on sound

. propagation although airborne and ground-located systems are available for
measuring quantities proportional to the turbulent temperature and velocity
fluctuations. Until proven measurement and analysis procedures are avail-
able to account for turbulence effects, the best approach appears to be to
permiit tests only with calm-to-moderate steady winds and few gusis =
throughout the test region and not just at the 10-m surface measurement
location. (Item 5 in Appendix A describes requirements for additional
research to understand the effects of atmospheric turbulence on sound

propagation. )

Three of the published wind criteria for aircraft flyever noise tests
(refs. 17, 18, and 25) require that the airpert-reported wind speed not be
greater than 10 knots and that the crosswind component be not greater than
5 knots at 10 m above the gre\md Potential problems with this wording are
that the airport's wind-measuring instrument may be a long distance from
the microphones and therefore not capable of providing representatwe wind
data, that the wind speed at the microphone locations may be substantially
d1f£erent than the airport reported wind speed, that the wind speed in the
viginity of the aircraft's flight path may be considerably different than the
airport-reported wind speed, and thst there is no requirement to mensure
winds aloft. Specification of a maximum 5-knot crosswind component at
a height of 10 m is useful, but not complete. The locatien of the 10-m tower
for the crosswind measurement is not gtated and presumably is at, or near,

the facility used o provxde the airport-reported wind.

The prepoaal in reference 16 was simply that the wind speed at a
height of 10 m above the ground shall not be greater than 5 m * s _ (10 knots)
: Preaumably, this reqmrement was to be met everywhere in the test area,

but no apectfxc mention was made ef where the 10 m tower(s) was to be



located. Also, there was no ihdication whether the magnitude was that of a

peak er an average value.

In addition to the constancy of the wind speed, there is the need to
consider constancy of wind direction. When the wind speed is low (1 to
4 m- s"l) and there are relatively few problems with wind-induced noise on
the microphene and light, or no, atmospheric turbulence, there may still
be problems because the wind direction may be constantly shifting. Varia-
bility in wind direction affects the propagation of the sound waves and pro-
duces variations in the ampiitud'e of the received sound signal. Daily
changes in direction and speed caused by land and sea breezes are a related

problem for certain airports.

Wind gu:s-t.s can also be a major source of \fariabili'fy. The problems
caused by gusts are similar to those caused by Atmos.ph:eric turbulence.
Gusts can be .v-ery high amplitude and short duration. The period between
gusts will be highly variable, as will be the amplitude and duration of
individual gusts. It is wise to avoid testing when the amplitude of the gusts
exceeds 8 m. 'Ea'1 (15 knots).

In light of the above discussion, the following wind restrictions are
recommended. If the wind speed increases above the limits during a test,

the telst should be terminated and rescheduled.

{1y The st-e.éy, average wind épeed should not exceed 5 m. sﬁl, and
wind gusts should net exceed 8§ m- s-l from a height above
ground level of 10 m to a height at least equal to the maximum
height of the test airplane that occurs during the duration of

any flyover noise recording.

(2) The steady, average w_'ind'd.irectimn should be within +30°
of one of the runway headings and the magnitude of the cross-
wi-nd-eomp'énent should not exceed 3-m-_s”l over the same

ranges of height and time specified above.

(3) Measurements of wind speed and wind direction sheu-ld:_b.e-'m-éaQ _
sured at a s‘ta.‘tienary location, at a height of I0 m within the
array of microp’harnes, and above the ground surface by suit-

a-bl.e'- é.:i'r'ber_ne instruments. Anyr discrépancies in wind speed

between measurements fFfom the 10 m stationary locations




and the weather-aloft instruments of more than 3 m. g should

be resolved before the test proceeds.

{4} The horizontal extent of the region of the atmosphere o which
the wind restrictions are meant to apply is intended Lo be such
that weather-aloft data are applicable to the lengest sound
propagation paths at the beginning and end of each flyover
noise recerding, as well as the shortest sound propagation

paths.

Precxpxtatxen - Pre‘cipitafion,- in any forfn, during the flyover noige

recordings is undesirable because of the noise produced, the impact on test
operations, the deleterious effect on the instruments, and the inability to.
remove precipita‘-tien-frela-ted- effects from the noise récordings in subse-

quent analya is.

All published test criteria preh1b1t testing durmg rain or othar
precipitation.

The recommended criterion for precipitation is simply that there be
no measurable precipitation in any form in the region of the test site during

any of the flyover noise recordings.

Pressure. - Atmospheric pressure will be a parameter of minor
1mpertance if the suggested criteria are followed. Atmospheric pressure,
at a convenient height, should be measured periodically throughout the test

in the vicinity of the mierophones.

The atme.spheri-c pressure will probably not be a great deal differeat
than the standard atmospheric pres'sure, nor will there be much variation
in pressure in the horizontal or vertical directions {for the heights involved

in these teats)

_ The value of the pressure exxstmg at the txme of the tests should be -
measured however, for use during data processmg (the output of aceuatxc
calibrators is a functxon of the atmosPhenc pressure) and data analysm
(the. atrnoapherxc pyr essure is a parameter in determlmng atmospherm '
absorption losses and the ability of the engines to achieve sea-level
takeoff- rated th_ru st).




RECOMMENDED INSTRUMENTATION PERFORMANCE REQUIREMENTS

Before discussing ingtrumentation performance, consideration must
be given to the two potentially conflicting requirements fer a naisc-
measurement program. One requirement can be described by saying that
at all times the very best possible indication should be provided of the true
sound pressure at a point in a sound field. The other requirement can be
described by saying that a reasonable job should always be done of trying to
méaaure the true sound pressure at any given time, but that more-important

consxderaﬂons are repeata.bxhty, reproduc1b111ty, and eonsis'tency.

To satisfy the first requlrement the usual approa.ch is. to start by

asummg that the total data-acquisition/data-proces sing system should
add the least possxble coloration, distortion, or rnodlﬁcatmn to the omgmal
waveshape of the incident free-field pressure. All relevant instrument
performance requirements are agsumed to be understood in detail for the
best total measurement system that can achieve the objective of yielding
an accurate, faithful replica of the original sound pressure signal. Instru-
me.n‘tatian performance requ'i:.emerxts.(aeoustical, electrical, mechanical,
and environmental) are then written and it is agsumed that anyone can put
together a measurement system that will always achieve the objective so

long as the performance requirements are satisfied.

There are at least two problems involved in an attempt te specify
instrumentation perfermance requirements for a best total measurement
system. First, the best total measurement system cannot be defined in any
absolute: sense that will be "best” not only now, but in the future. Second,
if total reliance is placed on performance reqmrements alone, then different

organizations will undeubtedly assembly measurement systems meetiﬁg the
' requirements, but using differcnt ingtraments. Subtle dxfferences in the
desxgn of the instruments, roupled with dxfferent test procedures, can pro-
duce differing resulfs even though tests are conducted on the same airplane,
at the same engme power setting, with the same flight path, meteorological
conditions, teat precedures, and data-processmg or data- a.nalyzmg pro-
cedures. The differences, whicn may be small will be blamed on the
matruments until it is reahzed that additional or different performance

parameters, additional detaﬂ.s of the components of the total measurement



system, and the details of the test procedures must be specified to reduce

the variability.

The magnitude of the numerical differences attributable to the use of
different instruments and equipment may be small but important, especially
in competitive situations or where one is attempting to demonstrate com-
pliance with maximum noise level limits. Fer ANOPP purposes, it will be
important, but perhaps not as critical as for a noise certification test, to
consider the effects introduced by varying measurement systems all comply-
ing with the same performance requirements. Tests to validate and refine
ANOPP noise-prediction proecedures may be performed by various govern-
ment and industry organizations. At any given time the instruments will
not be all identical. Tests conducted in the future will surely use different

instruments than tests conducted today.

Finally, any set of practical performance requirements (including
tolerances) will be based on the characteristics of the best-performing
components available for general use at the time the list of requirements

is prepared.

In contrast to the listing of performance regquirements to guarantee the
best possible data, there is the alternative of selecting a particular system,
with particular components, and writing down performance requirements
consistent with the selected components. The consequence of this choice
is the creation of a set of state-of-the-art performance requirements with
the result that measurement systems complying with the requirements may
all h-avé'the game insi:rumenté. This alte_rna—tivé helps assure un_'ifo-rmity,
consistency, and intercomparability of test results. The disadvantage of
the approach is that it is difficult, but not impossible, to introduce new
instruments or components because of the real possibility that such éhan_ges
will yield results different from the last test of the same configuration or
different from a similar teét conducted by'anct'her aii'g_a;n-i:za-ti_om. 'For example,
adoption of improved microphones having flatter frequency response charac-
teristics over a wider range of angles of incidence, or more sensitivity with
the same external dimeh_siqn-g, may be postponed because the test results
could be different (probably by ouly a small amount), even thougn corréctions
for differences in fr'eéueacjr_ response and sensitivity are .made.ag'cafefully

as possaible. .
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The approach that was adopted was to develop instrumentation per-
formance requirements compatible with the bagt technically qualified instru-
ments available at the time. A data- acquisition measuremen{ system wasg
defined based on these instruments that was also consistent with anticipated
test procedures and data—processing/détaaanalysis methods. It was agssumed

that the data-acquisition system should result in the best possgible measure-

ment of sound pressures using available instruments., It was not considered
necessary to be concerneéd about pesgibly irconsistent results obtained in

the future using different instruments, It was also assumed that the problems
of equipment obsolesence and economic burden were negligible compared to

ANOPO program objectives.

A remaining considération was whether op not to specify certain per-
formance requirements by simple reference to published national or inter-
national documents. Because experience has shown that it is difficult to
ensure clarity of tmeaning and unambiguous understanding of the intent of
the refetrence, and because many (if not most) of the relevant documents
were in the process of being revised, the approach adopted was to spell
out the recommended performance requirements in as much detail as seemed

te be required.

General Performance Requirements

All components of a field data- acquisition system should meet certain
general requirements, ineluding electrical/electronic, mechanical, design,
and economiec. A listing (not all inclusive) might include the fbllowin_g items,

not in erder of priority:

éperate reliably over the parameter range of interest

® be compatible with the expected range of ambient atmospheric
conditions (temperature, humidity, pressure)

. over the par-amre'tef range of interest, have performance require-
t’nén:ts compatible with the needs of the test program, including:
- high accuracy :
- high ée.h:é:it‘ivity aﬁcﬁ 1ow.ba¢kgr0u.nd neise in order to yvield an

adequate raiio . signal~-te-background noise

- adequate re-s_o’hitién :

At
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- wide, flat amplitude/frequency characteristic

- good linearity between output and input

fast response time

low starting threshold {for winds)

no hysteresis

repeatable measurerments

e ecither measure by a primary techrique such that no calibration is
required or provide an accurate method for laberatory calibration
and field checking of calibration

e have no drift in calibration er characteristics with time (good long-
term stability)
be insensitive to changes in ambient conditione er power supply
be directly compatible (électrically and mechanically) with all other
components of the total measurement system, including data
processing |
have a rugged, simple design

¢ for stationary and ballecon-berne instruments, be powered by low-
voltage batteries and require only a small current drain

® be of durable construction and be made of inert materials as much
as possible so as not to react to or be corroded by any of the com-
mon atmospheric pollutants such as chemicals, aerosols, and salt

e have a useful lifetime, before technical obsolescence, of at least

five years

have low weight and compact size

be reasonable in price '

be unaffected by dust or dirt particles

be unaffected by dew, rain, snow, or ice

be e-asy te maintain

have spare parts readily available

for balloen-borne instruments, the instrument pac:ka-ge' should be

recoverable and reusable.

All of the‘s‘e_ general requirements should be considered when assembls
ing a data-acquisition system. The performance requifefﬁen-‘rs and instru-
ments discussed in the following sectiong are compatible with the general
requirements outlined above. '



Data- Acguisition System

The recommended data-acquisition system has six major components,
as indicated schematically in figure 5. The subsystems that record the
aircraft's noise level and position, and the aircraft and engine parameters,
are synchronized closely in time by the time correlation subsystem. Time
is also used to correlate the measurement of meteorological parameters,
but the synchronization is indirect because the time rate of change of the
meteorological parameters is slow compared to the time rate of change of
the acoustic and aircraft parameters. At the bottom is the two=way radie
communication gsystem needed to coordinate test operations ameong the various
field test persennel, axrcraft ﬂ1ght crew, and air traffic centrol personnel

at the airpoert.

The next sections specify the major ideal and actual performance

parameters of the six subsystem components of figure 5.

ACOUSTIC PRESSURE AIRCRAFT SPACE
RECORDING POSITION RECORDBING

AIRCRAET AND
ENGINE PARAMETER
RECORDING

METEDROLOGICAL PARAMETER
RECORDING

CGMMUN#CATION SYSTEM

e HIGH:SAMPLE-RATE LINK — = == — = LOW:SAMPLE-RATE LINK

Figure 5. -System components for aircraft tlyover noise data acquisition.



Acoustical

The recommended test plan includes provisions for several acoustical
data-recording channels at fixed locations under and to the side of the
aircraft's flight path. Although it is possible to use a single-channel (or
two-channel) battery-powered direct-recording magnetic tape recorder
(along with a qualified operator) at each noise measurement location,
experience has shown that, for controlled engineering research testing,
more consistent, more accurate, and more reliable results can be obtained
using a centrally located multiple-channel magnetic tape recoi-'der rather
than several separate single-channel recorders. Multiple-channel tape
recorders typically have 14 channels of information recorded on 25, 4-mm

{1 inch)-wide magnetic recording tape.

The recommended system components for recording of acoustical data
are shown in figure 6. The microphone system for each data-recording
channel extends from the windscreen te the input to the recording system.

Data recording in the field is done on a multiple-channel magnetic tape

recorder.
=== MICROPHONE SYSTEM e i
P
SRAEARE:
N L A | rower
g o P LEXTENSION | SJ0PLY LINE- " RECORDING
c = P b s micROPHONE ] DRIVING SYSTEM
A H ;: CABLE | aAND : - AMPLIFIER
E a i  PREAMPLIFIER
N B - E

—— el e e INDICAT I SYSTENT COMBOMENTE BEPEATED
FOR 07 -.A BATA RECORDING CHANNELS -

Figure 6. -Components of ficrophone and data-recording systems.
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chrophone system. - The microphone system shown in ligure 6 is

based on the use of high-quality air-dielectric capac ilor microphoues and
associated preamplifiers. This choice was based on the following

considerations:

relatively flat frequency respoense

wide dynamic range

good sensitivity

small variation in sensitivity with angle of incidence

low internal background noise

good long-term stability

relatively insensitive to environmental factors

availability of documented electroacoustical characteristics

availability of calibratien equipment

good reliability

Ideally, a microphone system should have flat amplitude/frequency _
response extending well belew and well above the nemiinal frequency range
of interest. This flat frequency respense should be independent of angle of
incidence from 0° to 180° (true omnidirectionality). The internal background
electrical noise should be so low, and the amplitude of the sound pressure
when the waveshape starts to become distorted should be so high, that the
dynamic range easily encompasses the full range of signal amplitudes to be
recorded. The performance of the microphene should be independent of
environmental factors such as humidity, temperature, pressure, vibration,
magnetic fields, and solar radiation. The microphone's characteristics
should be determined at the factory at time of manufacture and should not
change with time. The sensitivity of the microphone should be high and the
output impedance low so that there is no problem driving long signal trans-
mission cables; the signal levél at the tape recorder should always be ade-
quate. The dimensions of the microphone should be small enough that the
microphone causes only negligible disturbance of the sound field. Appropriate
~calibration equ1pment should be available for easily checking the microphone's
performance in the field and for accurate calibrations in a laboratory. The
reliability of all componeiii- i the system should be high because of basic
design and several years of manufacturing experience. Replacement parts,

if needed, should be readily available.



The 12.7-mm-diameter air-capacitor microphone, and associated pre-
amplifier, seemed to be the most reasonable choice for satisfying the set of
jdeal requirements. Calibration accessories and replacement microphones
are readily available, The dimensions are small enocugh that high-frequency
interference and diffraction effects oceur mainly above 10 kHz. The output
. impedance of the preamplifier is low. A line-driving amplifier is needed,
howevér, as indicated in fizuce 6, to handle the wide range ef signal ampli-
tudes and the resistive and capacitive loading of long runs of cable between
the power supply and the tape recorder. When exposed to moderate temper-
atures (20° to 25°C) the microphone design is very stable, with a measured

change in sensitivity (due to aging) equivalent to 1 dB in no less than 300 years.

Except for humidity and wind, the recommended microphone system
should be relatively unaffected by environmental factors likely to be encoun-
tered in testing of airc'ré.itﬁ flyover noise. There should be no influence of
temperature on the operation of the microphone and preamplifier in the range
from -10° to +40°C, which is more than the range of temperatures allowed in
figure 4. The effects of normal variations in atmospheric pressure are
negligible. Vibration, magnetic fieldé, and solar radiation effects also are

negligible, including vibration induced by the aircraft noise signal itself,

Since, by figure 4, tests are permitted in quite humid atmospheres,
there is a potential problem with humidity. If condensation occurs in the air
between the two charged plates of the capacitor (i.e., between the diaphragm
and the backing plate), then electrical ares will strike between the plates.
The intermittent arcing usually does not cause physical damage but does
generate equivalent short-duration popping or frying noises in the recordings.
To avoid humidity problems, the preamplifier sheould contain a built-in heat-
ing device to keep the microphone warm. Condensation will not sccur if the
temperature inside the microphone is kept above the local dew-point temper-
ature. I the heating device is not adequate to prevent condensation, a

dessicant system is available to supplement the heater.

To minimize wind-induced noise (eccurring at wind speeds below the
recommended limit) the microphone should be enclosed by a windscreen at
all times during a test.

The recomménded windscreen is one made from open-cell uncom-

pressed polyurethane foam. A spherical shape is preferred with a small hole
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for insertion of the microphone. The diameater of the windsc reen should be
at least 0. 09 m; larger windscreens will provide more reduction of wind
noise. The reduction of the wideband wind-induced noise level should be at
least 10 dB for a steady wind speed cf 10 m‘s-l. The effect of the wind-
screen on the free-field sensitivity of the microphone (in the absence of wind)
should not exceed = 1,0 dB, relative to the sensitivity at 250 Hz, over the
range of frequencies from 45 to 11 200 Hz for any angle of incidence from

0 to 1800°,

The output impedance of the preamplifier should be low enough so that
the preamplifier and the power supply can be separated by as much as 1Zm
of cable with negligible impact on frequency response for frequencies between
45 and 11 200 Hz. |

For a given stiffness and mass of the diaphragm, the frequency response
of a microphone and preamplifier combination is a function of the amount of
jnternal damping and the angle at which an incident sound wave impinges on the
diaphragm. As described below under Recommended Data-Acguisition
Procedures, micrephones will be oriented so that the noise from the aircraft
impinges on the microphones at approximately grazing incidence at all times
throughout the recordings. The recommended frequency-response cuaracter-
istics, therefore, are primarily directed at ensuring reasonably flat response
for grazing incidence. Grazing incidence means in the plane of the
diaphragm of 90° from the axis of the microphone normal to the plane of the

diaphragm.

The recommended requirements for the free-field frequency response
of the combination of microphone and microephene preamplifier (no windscreen)
are as follows:

(1) The variation in sensitivity in the plane of the diaphragm {i.e., for
grazing incidence) should not exceed = 0. 5 dB, relative to the
sensitivity at 250 Hz, over the frequency range from 45 te
11 200 Hz .

(2) The variation in sensitivity should not exceed +2 dB, relative to the
sensitivity at 250 Hz, within the angles of 60° to 120° from the
axis normal to the diaphragm (= 30° about grazing incidence)

over the frequency range from 45 to 11 200 Hz.
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Sensitivity here is defined as the ratio of the root-mean-square (rms)
voltage at the output of the power supply to the rms acoustic pressure that
would exist at the positien of the diaphragm in the absence of the microphone

(i.e., the free-field acoustic pressure).

The dynamic range of the combination of the microphene and microphone
preamplifier should be at least 100 dB. Dynamic range is defined here as the
difference between the level of high-amplitude sound pressure czusing a total
harmonic distortion of 3 percent and the level of the wideband eleetrical back-
ground noise. Total harmonic distortion of the signal at the cutput of the.
power supply, for a pure sinusoidal acoustic signal of any frequency between
45 and 11 200 Hz at the input to the microphone, is the ratio, in percent, of
the rms amplitude of all the harmonics of the fundamental signal fregquency

to the rms amplitude of the fundamental signal frequency.

The electrical background neise is determined with the microphone
replaced by an equivalent electrical impedance. The voltage (or equivalent
background noise level) is measured at the output of the power supply with a
wideband voltmeter (a bandwidth of 20 Hz to 200 kHz is recommended). The
wideband ot linear background noise level should not exceed 35 dB, re 20 uPa.
The cérresponding A-weighted electrieal.b-ae'kground neise level should not
exceed 20 dB. An approximate check of the high-frequency (above about
- 1000 Hz) electrical background noise can be obtained by placing an acoustical
calibrator over the microphone with the calibrator turned off. For many
tests it is only high-frequency backzround noise that causes interference
problems and this method of shielding the microphone may be adeguate to
evaluate the effect of high-frequency background noise. However, it is more
accurate and provides data on the complete spectrum of electrical background
noise to replace the microphone by ar equivalent electrical im;_j_::e&anee and,

therefore, the use of a dummy microphone is recommended.

The power supply should be battery operated and should supply all the
voltages needed to operate the microphone and microphone preamplifier,
including the direct-current (dc) pelarizing voltages for the microphone and
the dec voltage needed for the heating element in the preamplifier. The ﬁoWer
supply should be designed == kot the batteries can previde the necessary

electrical power for at least 10 h of continuous operation at any temperature

49

ORIGINAL PAGE I8
OE POOR QUALITY




in the range from -10% to +40