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ANALYSIS OF OVERGROUND EXCESS SOUND ATTENUATION

1.0 INTRODUCTION

This report describes and analyzes the results of an exten-

sive set of field noise measurements undertaken to determine the

sound attenuation for horizontal propagation of sound from Jet

engine ground runups. The measurements were undertaken for the

purposes of obtaining improved understanding of the attenuation

of sound occurring under real life conditions and, in particular,

of obtaining information for developing improved methods for pre-

dicting ground runup noise for the NOISEMAP airport noise model-

ing computer program.

The noise sources were Jet engines installed in C-135 and

C-141 aircraft. During aircraft runups at high power, noise and

meteorological data were collected at various positions that

ranged in distance from 66 meters (216 feet) to 2377 meters (7800

feet) from the engines. Some 42 sets of measurements were col-

lected during daytime hours over a 15-month period (November 1979

to February 1981). All of the measurements were made at Wright-

Patterson AFB over near-level terrain which was grass or snow-

covered.

This study examines the differences in noise levels observed

at different positions after measured noise levels have been

adjusted for inverse square propagation and air absorption.

These differences are termed excess sound attenuation (ESA).

The ESA measurements show considerable variability.

Much of the analysis in this report will be concerned with

relating the variability in ESA values with various physical

parameters and with comparing measurement results with other

field studies and with predictions of theoretical models.

1 1
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The field measurements and the data collection and procecc2-

Ing are described in detail separately anA hence will not be pre-

sented in this report (Reference l). Application of these data

to improve prediction procedures of noliee from USAF aircraft

ground runups is published in another report (Reference 2,.

Section 2 of the report briefly describes the measurements,

presents an overview of the range of meteorological conditions

and excess attenuation values observed and describes both the

noise source and excess sound attenuation variability as a func-

tion of frequency and distance. Section 3 describes the results

of multiple linear regression analyses undertaken to deter:.lne

the correlation of the excess attenuation values with various

meteorologicai, ground surface and test variables. Section 4

compares the average ESA values observed for different winJ com-

ponent and temperature gradient conditions and for two ground

surface conditions (grass and snow-covered).

Section 5 compares the experimental result:; wiIt . t: f el

measurements of Parkin and Scholes (References 3, 4 an: 5) an-

Franken and Bisnop Reference 8,, and with theory. A summary,

conclusions and recormm nidations complet the body of the repurt.

2
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2.0 OVERVIEW OP TEST PROGRAM AND TEST DATA

2.1 General Test Description

The noise sources were jet engines installed in C-135A air-

craft (powered with J57 turbojet engines) and C-135B and C-141

aircraft (powered with TF-33 turbofan engines). Most of the runs

(413 of the 421) were made with the C-135A aircraft. The center-

lines of the C-135's were 1.5 m (5 feet) above the ground and

2.4 m (8 feet) for the C-141.

The measurements were made in opposing directions along a

line parallel to one of the air base taxiways. Figure 1 shows

the elevation profile and plan view of the two microphone arrays,

and the approximate orientation of the aircraft with respect to

the arrays. A' all but the closest position (the reference posi-

tion) the measuring microphones were located 1.5 m (5 feet) above

the ground. At the reference position, located either 66 or 75 m

(217 or 246 feet) from the source, noise events were measured

with two microphones located 0.3 and 2.4 m (l and 8 feet) above

the ground. Output from the two microphones were later summed on

the energy basis to establish the reference level. For 10

events, a scanning microphone which moved between heights of 0.3

and 3 m (I and 10 feet above the ground) was used. And for six

events, the output from microphones at the farther distances of

134 and 238 m (440 and 781 feet) were used as the reference

levels.

For the runs, pilots were instructed to use maximum takeoff

power. In doing so the pilots would choose an EPR (engine

pressure ratio) for weather conditions at the start of a testing

period, usually one to two hours long. During some of the peri-

ods the weather would change enough so that the EPR settings

could no longer be achieved and therefore, had to be lowered to

match current weather conditions.

3
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Noise was mea.3-red at nint- distances rc: th ,orx-ral.

from the reference positions out to a distance o" _"77 m'7W;OC

f)on some runs. Tatile 1 lists the dlfferen :, me asu-,retment u

tions thu.t were used. * Data were not necessari I.:tI~e

of these positions f'or each rneasuremrent event.

The noise was measuired at each position for duratlon,_s of'a

least 30 seconds. Noise levels were sampled, at h al second In-

tervals and the energy averag6.e computed over tne run time. m.

for avera.4ing were ad fusto A to account for firil to sound rpaa

t-u :m-, betvieer posltlonr;c.

The nQ,-.3e data was- analyzed in one -tuli-- cwt lvefr

tdands , a, center freqiiericltes; extendingfr? 9000

O)verall and A-levels wertj a-so determines,.

Field temperdtres were meas 3red at th.ree < :t 03

arid '9.2 etr abo)ve ground a. one pnslt Ion.. 7 w~ I wac r -

at pp'DI'kte1 7 ~etr: a ~ouJ t Wo I ri K

t r av e r s

2.2 Calculation of Exces Sound Attenuation Values

F r thls reportt. -xwosis souriJ vto.~r 1

were determ! ne a A 1 1. j.wc::

1.Thf average no i.e levels at each . . ont:

the reference p.It were li creas;ed Ly t :i- io S t cI.v

square an]I air ab~sorption losses occurring between,, the -frn

microphonre arnd the position. Air absorptlon losses- wer n

the field temperature and relative humidity for thie rin, usln-

the tables of' ARP 866A (Reference 6).

*Throughoit 'lie report, distances, refer to tt~i sa'ffO ,~
source an.] rneas .jrernent position.

6
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TABLE 1. MEASUREMENT POSITIONS

Distance from Source

2usitio:. Meters Feet

S* bb or 75 217 or 246

A134 '44,

23b 7o-

4 _)i L4

7 Th3 2471

1255 4lc

F 1757 5705

2Ub7 bO47

2273 7,4b

I 2377 7c,,

*heference micropnone position.
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t ractej A rom the average levels at tne reference ost e i

it tc encs wer!-- ta-i larte t br eahpost tIon c t r.- ra:

ref'Hernce )!,t , a!: ,mfln- . re ias n ex c ess slr;: ate

f or t., te patiniLar i un.

Ais ex;lali-to In 1t in Reference 1,, tne reason, this;

:-thso: Is ais- -!I ~ to the ESA applicatllon to, the tJAF a'.--

craft noise Aa-t tiso "r ground runups. The mtnod res31:t3 t r

Hl')A vlo'e'eetteexcess souind teuto

for props -c w-"" tneref-,erence psto n:Tr' t

pm t Ir * vaP sec may not represent the total ex

soo a ' i 5 '~ '--,r. e eng~lne source an-] the sue". i

pe I o-n 3' ,' 'ere ".. ; he additional excess attenual~tlo" noe-

tWeen7 thl- t.'a" ,~- reference pos 1tIon. AlIt o.h t' s -

tlIon il exr'ss: ate a nIs not, applcable to 't;AR os7r

t*- moe s(n re, M, a) ef,' . ll- erence I , already contal r. U

ai~tn A:i-ni %n It Is tussed in S ectlon fo-r amr'

xY. I w e,' 1f-t,

s xor.< U.S 1 eorpFt r re!

-,vli n: v ee sru - ev&.AeveI

n- t 1he average evensi an 4 -1

-den- s'o '- r 'i ectrai after the t
.-s 1f''i ' -, a '1Lorn ani air a !s- rq, I :

- t . . o; i verall an~iA-leer

cop r'' A~'"i~ '1 " Ioveraill an.: A-t'--'

Ni t ' a 'a a r. abso c)r pt ior nlos i .7

I j verallI arid A-l:evel:; at outner t han tlie referen-'e pos I ,)!

'hangethe ;i -'trims hape! (i'r!aesIn relat lv''lvrra



higher frequencies) over what would be observed In the field.

The general effect of this procedure is to yield ESA values for

the overall and A-level that are smaller than would typically be

observed in the field.

2.3 Data Handling and Data Analysis Programs

Two special digital computer programs were developed for use

in ESA analyses. These unpublished programs are discussed in

Reference 1. The first of these programs, Omega 12, calculates

the average ESA values for each ground runup along with averaged

weather conditions. The other program, Omega 13, provides a

means to parametrically sort data and provide a summary across

all runup data.

General data sorting, averaging, plotting of histograms and

fitting of regression lines and the multiple linear regression

analyses were undertaken by using various of the BMDP computer

programs (Reference 7). In addition, special computer programs

were written to calculate excess sound attenuation based on ana-

lytic models, as described in Appendix A.

2.4 Meteorological and Ground Conditions

Table 2 summarizes the distribution of temperature, wind-

speed and wind component conditions during the tests. Maximum

and minimum values as well as the 10%, 25%, 50%, 75% and 90%

values are listed.

The temperature range extended from -16.5 to 33°' with 50-

of the measurements made in the temperature range between -1 to

14.5'C. Most of the wind measurements were made at low speeds

with 50% of the measurements for windspeeds of 1.9 meters per

9
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TABLE 2. DISTRJbUTJov OF bASIC ME'ILu)JuLu -JCAL CLN.1T1'..,



second 4. 3 nt- o le- s . The mgnit oJe of t: ie w in ICo 'woo- ' :

the direction f' sound propagation was generally sral, wlt. 50

otf the measurements made wit,h the wind components rangirg fror -i

to +1 meter per second (+2.2 mph).

The temperature gradient was described in terms of alpha*

defined as:

0.607 (m/sec.

where

T1 = temperature (0C) at 9.2 m above ground

T3 = temperature (0C) at 0.3 m above ground

hi = height of 9.2 m above ground

h 3 = height of 0.3 m above ground

For a standar atmosphere lapse rate, alpha is -0.175 m seC.

"rne oeasorc, a.!oa values range from -0.9 to +0.74 4/se:.

wl, 't 50- o'" th- ,neus rements rangiug from -0.22 to +-.07 rr sec.

*More rInr,)sly, alpha is the sound velocity gradient in the

vertical dirp:tion, z. Th us:

S-. .. - a (0.607) m,/sec.)

where a = (0C)

c velocity of sound, m/sec.

-- ' . ... 111



Approx~mately )2'v of tne :neasurement-- were taken wtota.

pr-cipitation and the remaining b% w-rtC maue withl l'-ght rain or
snow failing. The ground surface was3 eit'her hard packed or

froz,:en ~hripacked 0,, .5 of the time or f rozen., 13 '. of' tin'
tlimt j The gro)und surface- conditions variedj as sh;own 1r, Table 3

Youa will note a distribution of ground sirface conditionsragli

from dry through wet, frost and snow covered conditions.

Measurements were madie In the daytime between the hours of

6an and! L p-r.. Sixty-three percent of the measurements were Ma:.

between ' b an, 11 am. Most frequently, measu remen-ts_ wert mai-

tetween 7 and 1 am or 1 and 2 p-7, coinc-'dIng wltn al rcraft fllF.t.'

s ch e 1- 1es

Thne Joint (11stributions of some meteorological parameters

are of interest. Of particular interest Is the distribution of

temperaitulr- and relative humidities since these quantities large-

lydeeon thre air absorption. Fliure 2 shows a scatter ")

of rellat_',-e :.jrlflty versu s temTperature. Alsc shown on tnet

scatter Plot are l1nes of equal air absorptoni for a one-thr:,r,

octave frequency band centered at 1000 H.z. *

FIgure 3 shoDw6 the d~strib-ition of alpha ve rsis thewuc
compirient. In the direction of sound propagation. Tl.i Is o'
Interest because of the correlations of ESA. with, alpha anai tnre

wind comnpone!-t as d sc~sdlater.

Some trencs wLIth time of day may be of Interes-t. Th-ere was

a relatively strong correlation of decreasIng, alph)a values with

timeof ay ( 2 
=0.55, as shown in Figure 4 Inicating a

strong trend toward negative temperature gradients as time pro-

gressed.

*These are based on the SAE ARP 866A tables of 1Hefererc&' 6

12



TABLE J. STATUS OF GROUND COVER DURING MEASUREMENaS

Jrou:: c •  it 1w. tercent o:Ytsurtxerta

~~>ew,~~ ar gsvaZ.

Fros s. t

lii

-V



Air Absorption At 1000 Hz, dB 1000 ft.

100 -____ _____ ____

119 1 13 L4
121 2 132158262 2

1
90 4,2

3 5511511 1
7312 1

10 62
1 2 2 271 54L 1

s0 132 65 1

1 11 283
7: 211

70 23 2 1
41 1 262 2

142 13
22 114

21
b 0 3 1 1

0 2
1 14 Ov

-3 93 ,1
>21 13 ~ I

0 21 6 L

--12 L L 2202

2 131 Numbeirs d lettet
2 13 denote numberi (3

23 1 23 2 1 maueet

Temperatureen°b

221 I 2 612 (A-.., B- 11, etc.)
40 L 3 1

30 1 I

20 I I II I4-.
-16 -8 0 8 16 24 3"1

--12 4 4 12 20 24
Temperature, 0 C

FIGURE 2. FIELD RELATIVE HUMIDITY VERSUS FIELD TEVPERATURE



r8

S32

221
4

2 32
1111l 3 I Number and letteis

1 denote number of
3119 1 11 1 measurements

(A-10, B=11, etc.)

I1 Z5 1 1
11 12 1 12 21 1 131 2 1

0 "j tt2-1 2 3 3--1-"-l- If --t 1---1q-161 31

I 3 211 2L 11212162 1IL53211 3 11 2 I
1 1 12 1 1 12121 1411 Ill 1311

2 1 Ill 221 411 1 1 1
1 1 2 13

11 1 1 11 1 31 1 1 1

1 11 1 1 1 123 31 1

1 11 3 1 1 21 1
-. 6 1 21211 1 1

11 1 1 2L 121 1
1 1 21.1 11

1 1 2 11 1
I I

4.5 2.7 .90 .90 2.7 4.5 6.3
-5.4 3.6 -1.8 0 1.8 3.6 5.4

Wind Component. m/sec

FIGURE 3. SCATTER PLOT OF ALPHA (TEMPERATURE GRADIENT) VERSUS
WIND COMPONENT

V.)



I

3 2

5 2
7

7 2

A
.4

C
L 9

S8 1
. 1 F 3

.2K1 8 1

9 2
R 5 1

o J v 3 1 6

3 H 2 1 8 B

a8 A3 1 9 4

.2 4 2 5 3 3 5
I A 1 2 1 2

1 1 2 1 1 1.

1 4 2 1 6 2 2
.4

15 1

Numbers and letters 1 1 7 3

denote number of 9

. 6 measurements 1 3 3 3
(A=10,B=11, etc.)

1 4 7 2
1 6 2

.8 1 3 2
2

I.

6 7 8 9 10 11 12 13 14 15 lb
Hour of Day

FIGURE 4, SCATTER PLOT OF ALPHA (TEMPERATURE GRADIENT) VERSUS
TIME OF DAY OF MEASUREMENTS

lue
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During the program, station meteorological data was col-

lected together with site data. Comparisons of the two are of

interest in seeing how well on-site measurements might agree wltn

typical station measurements. The comparisons of temperatures

show very high correlations (r 2 = 0.98). The comparisons of

relative humidity showed a much lower value (r2 = 0.50) while

the correlations of wind speed and wind component showed inter-

mediate correlations (r2 = 0.75 and 0.80, respectively).

2.5 ESA Variability

Table 4 lists ranges in measured excess attenuation data for

selected one-third octave frequency bands and the overall and

A-levels at each distance. The table shows the number of

measurements and the ranges for all, 50 percent, and 90 percent

of the data. As anticipated, there was large variability in

measured ESA values during the program. To indicate the extent

of variability, Figures 5 and 6 show the range of measured ESA

values, the mean values, and standard deviations for the measured

values at two distances, 431 m (1414 ft) and 2087 m (6847 ft).

The general increase in the variability of ESA values with

distance and with frequency is further shown in Figure 7.

Figure 7 shows the range for 50 percent of the ESA values as a

function of distance for selected one-third octave bands and for

the overall and A-weighted sound levels. The general trend is

for the range to increase with distance, reaching a maximum

spread of the order of 12 to 18 dB.

17
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TABLE 4. RANGE IN MEASURED EXCESS ATTENUAT10N DATA
FOR SELECTED FREQUENCY BANDS

ha I- : ilL. . -
Fr'equenuc' Distalict No. of Attenuation Data,J

iuni f_ ft 11eas. U ;% A

u: hz 14 L4qu b 1 2.45e

~~:t 741 44 5.
42'1 14ui 4j4 4.b ±0'.6 i

7i. j u
l'ot 411i7 37Th lc~u

Hz 1$ 440, 107 0.0 i4.4
2-)o 76i 40_ 11.0 2u. 3:.

47 1 41 7K 1. u

1 t 4117 3o 10. 360.
i'7 D7 ;7 u4 311 1'.0 :

4 7 140. lo L7

2 7 7 4j7 17i o: 0.-

i. 4 4 :jY00 o.b L.

44 i4ui. : 20 '

fub O4 14. u 4.

411

7 ) U -

20b t 'f 7



TABLE 4. RANGE IN MEASURED EXCESS ATTENUATION DATA
FOR SELECTED FREQUENCY BANDS

(CONTINUED)

harig t in Lxces

Frequency Distarnce tu. of Attenuatior. Data, a:
band 1_ Meas. t 0 A_

Ja 4 440 304 3.5 9.0
3b 701 404 3.6 12.5 17.c

427 14u1 405 4.0 13.0
753 2470 3D5 L.0 20.' 35.1

12p 41!1/ 40() lo.5 26.25 uo.7

1757 o7u 3u7 12.0 2b.5 50.-

uo3 bO) 565 51.u 32.0
2273 74D7 195 1b.b 3i.D 5i.

AL 134 44u 00. 14.4 21.t
2)o 76i 404 9.0 22.4 2 .4
427 1401 409 1).2 25.2 37-
7 3 247U 3 5 14.4 30.0 43.

12! 4117 4uO 10.2 32.4 60.4
17D7 5704 3t7 16.2 3o.0 b2.(,
20b_ 68_4 3d5 lb.0 42.0 97.u
2L) 74o7 1i5 1b.0 53.U 71.9
ej77 77t) 326 1b.0 47.0 70.c
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At aniy gI I .stance , tne spread I n E O A values _ :,

increases with frequency up to about 1000 Hz wlt.h the range

tending to decrease at higher frequencies.*

2.6 Noise Spectra at Reference Positions

The average noise spectrum at the reference positions was

computed In two ways. In one case, the averages for each tiir,

octave band plus the averages for the A-levels and overall sound

pressure levels were computed. These are given In Table 5 and
shown in Figure 8. Also shown Is the standard deviation for the

measurements. Also listed in Table 5 and Figure 8 1s th- a,'eraj.

normalized spectrum, with all levels referenced to the measureJ

overall sound pressure level for each run. This adjusts for

gross differences in source output and results in a lower stan-

dard deviation as indicated in the lower portion of Figure 8.

The root mean square standard deviation over all the one-thlrd

octave bands for all runs for the measured spectrum was 4.0 ji.**

For the one-thiri octave band Levels reference. to the overall,

the root mean squart standard Jevyation was 2.4 di .

As expected, measurements made over a short time period

and/or with fewer posItioning changes in aircraft show moch

smaller variation. For example, on one day, some 31 measoreme, t

were taken over an approximately 90-minute period with1 15 event,

measured along array 03 and 16 measurements In the opposite

d1rection along array 34. The average noise spectra for thiese

*The reducei spread of data at higher frequencles is partially
Jue to the loss of' E'4 data at the hIgh frequencies, as 0 Iscos
in Section 2.7.

**An average for only the events which used the -- 135A alrcrs"t
ani the average output from two microphones shows a s ' I ,
smaller standard deviation of 3.3 dP averaged over the ?7 one-
third octave bands.
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TABLE 1. AVEhAGE NOISE SPECThA

AT REFEENCE MIChuPijNES

Ui .. evels ar,' Cutet't't;J n vm.
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2.7 Short-Term Variations In ESA Values
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I~ieni~v anI distance.
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TABLE b. METEOROLOGICAL AND SUhF'ACE CONDITIONS bJRINU

REPEAT MEASUREMENTS OVER 90-MINUTE PEhIUU

' : :x~Wit. 01,

..one se i £-. . ;i . ...,-. .. *a. ,

U...
I r..:

., . .. . .,.. . . . . . .



stable wlt tn except Iron of the temperaturer grauilert w:.er ,.

varied systematically with time, beginning with a high posltiPv,

value and ending with a small negative value.

Standard deviations for, the ESA values were cal ~Ite,
each one-third octave band as well as the A-level and overal

level for the measurements made over each array. The averagF

standard deviation from these two sets of values was compute, ai:.

averaged over several frequency ranges.* Figure 10 shows thi

variability, in terms of the standard deviation, plottei a- t

function of distance. The average standard de'iiatbon for f r, -

quency range 25 to 125 Hz is shown, as is the average for te fr -

quency range from 160 to 800 Hz and 1000 to 2000 Hz, as well ao

the average computeJ over the wideband frequency range fror. 2 2-

2000 Hz. Also shown are the standard deviations for tne A-level

and overall ESA values.

The curve for tne lower frequencies (25 to 125 Hz show; v..;

small standard deviations at close-in distances of the orcer of

!,2 dB or less, increasing to the order of 2 to 3 dO at :istan

of 2000 to 3000 meters. Measurements in the frequency range fr",

160 to 800 Hz show much larger standard deviations (order of 2 i:,

at smaller distances increasing to the order of 6 dB at 3002

meters). The standard deviations for the higher frequency rang-

(1000 to 2000 Hz) is similar to that for the 160 to 800 Hz rango

up to approximately 800 meters and shows a decrease in magnitode

at larger distances.

StandarJ deviations over the entire frequency range and for

the A-level and overall level show a general trend of increaslrin

magnitude with distance out to approximately 1000 meters with a

general leveling off of standard deviations of the order of 3 to

dB at 1000 meters and greater distances.

*StandarJ deviations were calculated separately for each array t)

allow for the possible differences in ESA values with array
direction.
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2.8 Loss of Noise Data with Increasing Distance and Frequency

At larger distances and higher frequencies, there is

increased likelihood of data being lost by signal levels falling

below ambient noise levels. Th-is introduces a distinct bias In

the measured ESA values that is difficult to compensate for. The

average of "measured" ESA values obtained for those physical fac-

tors that tend to produce high excess attenuations will be lower

than the "true" average values. The magnitude of this bias is

difficult to determine.

Although the bias cannot be compensated for in its entirety,

it is possible to determine the conditions under which data are

lost and, hence, to be aware of those conditions for which the

measured data are less representative.

As discussed in the next section, the wind component and ten-

perature gradient were the most important meteorological variables

affecting the neasured ESA. The influence of these factors on tihe

loso of ESA data can be assessed, in part, by comparing the Joint

distributions of these two parameters at distances and/or frequen-

cies for which considerable ESA data have been lost.

As an example, Figure 11 shows the envelope of the joint dis-

tribution of alpha and wind component values for all data and for

the data measured at a frequency of 4000 Hz at a distance of 753

meters (at this frequency and distance there were 108 data sets

compared with a total of 421 for all data). In addition to tle

envelope, inner heavy lines show the ranges in alpha and wind coi-

ponent values for 50 percent of the data. The most significant

loss of data occurs for negative wind component values, particu-

larly under conditions of negative wind component and negative

alpha values. With loss of data the average alpha and wind com-

ponent values for which ESA values are measured shift to niori

positive values.
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0.b ALL DATA

--- 4000 i, 753 inI

0.4 x
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"i~~~~T

0-

0. 4
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Winmd Compunent I m sec)

FIGURE 11. ENVELOPE OF ALPHA AND VdwND COMPONELNT VALUES ALL
MEASUREMENI $ VS. HIGH FREQUENCY NILASURE,,lNTS



The abo)ve trends art- also shown by the Infornatiorn tatiilatei

in Table 7, which shows the percent of' ESA data measured under

different alpha and wind component conditions. Here values are

shown for all the data and for measurements at 4000 Hz at 753

meters and for a frequency of 2000 Hz at a distance of 2377

meters. At higher frequencies and greater distances, much less

data is acquired for negative alpha values and wind component

values.
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TABLE 7. DISTRIBUMIN OF~ MEASURED EL;; DATA W~

ALPHA AND WIND COMPONENT AT DIFFEHENT FhEQUENCIES Oh DISTANCES



3.0 REGRESSION ANALYSES

Multlple linear reroinanalyses, were undertaken.- to det;or-

_ne the xte%!nt , o: crre stl on betwejen several mtooo a r

grun s ric c'.U rsan- tuie observedi ES1A values,. After so :.,_

pre-11minary analyses, three Inuependent values were assumed: tiho,

wlnil componenit, alptia (temperature gradient), and the grouna sur-

ace coulio cnsliered ais eithe-r grass or snow-coveroL,'.

TheL B~PPhdews-lnea r Regress ion Program IRfeece

wqlis emnpiDe Iy ) todtrmllri, tn'-" llinear correltion between the t.nre :

"ar nits ai, tni, ES"A va,-lu6, at eah re4uenicy, as well as the

a,-.:,. .!. -e at eacn, d 1s tanice. 'Iths P roe ss r e S-t s 1'n 1 i

IndAependent determination of thle correlation o hs he aI

ables wltn Et:A a. each frequency at each distance, and a rank.

.)rderllng o." tue varlat.le with- regari to the degree of correladtIon

with. tn-'Et vs luOC. 'Pt rtesul s of these anlalysesi are sumimarlize

In 1 Ta b a.i TatI cnw for each f rtiquency ar. eo h

d Is tanc-', thie va,_ue ufthe variancte accounted for r t , ort

wh , h tne V'arlil -- were "" h tnai elto r n

A valu,-et!; ens) t -. 3 st AnI er, i rrer, :s h omplete regTress lo:.

analysis.

Fig~ares 1L2-A througih -sriow tuet varlance- accountedl for

P)as a fuinction o." 1requiency. The symbols Jenote tue most

3'Ignificait var! an .e. Flires lB,-A anl 13-B show th-e v:a. n on

accounteil for a,- a fu nct Ion (,1 distance t's-r s-'xfruncespc

at octave Interva.: s from b3 to 2000 Hz.

Re view o" Figures; 13-A ano 13-b Inulc-ites: that, as ml-t ht no

anticipate], the r, valuies generally decreas;e wiln distanc-,

with the minor exception of 63 Hz vaiues ani] wllth tho mjre s;7-

nificant exception of the 21jO Hz values where, th.' r v s .

very low ocf the order of 0.2) irrespect*,ve (,f iIt

3%
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TABLE 9. MAXIMUM r2 VALUES AT EACH DISTANCE

Firs', 
SecornQMa ru~ "Max 

irelun -

Maximuw: ;

Fre Max Freq. Max

istanhce

134 m t4 ft) ibc . 12tU .

21a t (7m i ft) luj U.04 c i u.5 a

431 m (1414 ft) bU 0.03 C IOUO 0.51 a

7 m (2471 ft) bJ U.70 c U.40 a

1255 m (411b ft) o 0.66 c O .4i

00hY Y (57 ft) 3 O.50 C ibOU U.5t a

2uJ7 m 0u,47 ft; 0 G.D a u30 o. s

1&j m 470 'ft) 4 0.0 a 63U 0.-, a

2f77 t 0 jdU. 5t.0 a 03)

(i) Most s Irilficant variable

tu) Wind componlent

tu) Aipna (temrpert Ar, gradlAurt)

(c) Ground rover
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A rev~ew of" F1 gure 12 will show that the r2 val sec gen-

erally show two distinct maxima as a function of frequency. Thi
maximum r2 values for each of these two peaks are tabulated In

ace9, toge ther witn the f requency at which the maximum occ ir: .

Une r2- maximum occurs at low frequencies, from a frequency of'
L60 Hz at the closest distance, shifting to lower frequencies at

greater distances, to reach 40 Hz at the greatest distance. Th e rt

Is a secondary higher frequency maximum where r2 values are les::

thain the first maximum. This secondary maximum occurs at 1250 H z

ct2lose-In distances decreasing to 630 Hz at the greatest dls-

t-ances. Thbe most significant variable at the low frequency pea,,

I s the ground cover, at least up to a distance of' 1757 mete'-s.

For the high frequency maximum, the most sIgnifficant variable is

tnie w-!nd component.

Inspection of plots of excess attenuation versus wind com-

p:onent values at the higher frequencies suggests that the virla-

tioni of ESA with wInJ component Is not a simple linear relatio--

s: c. Farther ins3pection also indicatel that the ESA values

te Influenced by thre array direction (see FIgu-re 1'. This in -

ence cf array directlon may be Jdit to tne diffCerence in a<

for tne ref"erence m~crophone pos'Itions (,66 m versus 75 T,;

wlth the ift"Ierences JIn tlie ground surface between the microlp1

ii It re-ference- pos) 1' ion for thet two arraiys . Thus I-l

lineair regressiorn analyses Introducing the w~nd! comp,)ritnt va' -

ais sqjuare- ian I cubed fu-nct tons and the array direct Ion (odu ~r
even;l as Inde~pe-nlent virialbles were undertake.

Introduic 1g the wind component as squared, ani (,iiA cubed -Is

resu te n a -.nr)-1te 3t increase In the r2 values at, f'requen _

approximately 25o Hz andJ higher where the r2 Increases,;

order 0!f 10 pe-rcent.

The additIon of the arr sy ]i rect Ion as i Varlatbie fo,

resulted in modest to s izeat. le Iicreases in the varlan oe :I'~

$ 57



j r. Size a L- 1 1i 12~ Va~irc~-~

typically in the higher frequencies, most noticeably at 5,o ii.

Table 10 surmarl zes the results of t!oe analyss w ,

added variables ind shows t,, r 2 values at octave br, t.,

from 31 to 2000 Hz for various distances. Shown in the ri ,

tile r2 values for tile original set of variables, the re

wlto the wind conponent squared and cubed adueJ as a vIr an

The last two oulians in the table show the percentage Irre:

observei in the r 2 values with the two added sets of varla -

Figure 14 coi:pares the r 2 values for the 500 H one-tn Is

octave bard wl'to the win, component squared and cubed, and ,'r'o

direction 03 and 04 as ln1opendent variables. AddIng the arr::;

direction as a varIl .... was generally most significant for or

500 Hz band.
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4.0 ESA VARIATIONS WITH GROUND SURFACE CONDITIONS, WIND

COMPONENT AND TEMPERATURE GRADIENT

4.1 ESA Variations with Ground Surface Conditions

The ground surface conditions may be broadly categorlzeo as

grass covered (dry, wet, dew or frost) and snow covered (varlahn>

depths). The influence of ground cover on ESA is generally mort

apparent at the frequency range below about 1000 Hz and d'F'er-

ences in ESA due to ground cover may be most easily Identiflej

under near neutral temperature gradients and low wlnd component

conditions.

This section presents a comparison of the ESA values for swwr.

weather conditions. Thus, for data obtained under near nentra:

temperature gradients (-0.2 m/s < alpha < 0.2 m/sA and low wind

component conditions k-1.5 m/s Q wind component ( 1.5 m's ,th :

data were divided into groups -- grass cover a total of 9i4 cnan

or snow cover 33 cases). Average ESA values were then cacltew'

for the t4 gr-,pn, wl," results prosenled In Fgires 15 n: .

Figires 15-A tnrcugL I0-H show the average &A valec c!t

snow and grass cover as a function of frequency for eigt :!s-

tances. Figures 16-A through lb-F show the average ISA valuer V

the grass and snow cover ,as a runction of distan-, far one-t:lr)

band at octave Intervals from 63 Hz to 2000 Hz and for the

A-level. You will note from the figures that wits, the snow -nvy< ,

the max inum hAA values shift to a lower frequency resultin K

generally greater attenuations in the frequency rangp below 25,

250 Hz. The snow cver results In lower values of pxoess at!-vn,-

tion typically at the higher frequencies, above abiat 00 Q.

"gre 16 indIcat.- that the differernce In ESA vale. fcr th, a%

b3
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25 Wind Component Near Zero

Alpha:Cae

30~~c 1 0. 4 01 -.- 31
DITNE0. 1 !5C < 0.4 E--------

30-.1<o .1 0 2 3
13~4 M 440L f t -0.4< at - -0. 1 A.......15
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31.5 63 125 250 S00 1000 2000 4000O OA AL
One-Third Octave Band Center Frequency in Hz

FIGURE 19 A. VARIATION IN EXCESS ATTENUATION WITH TEMPERATURE
GRADIENT FOR SMALL WIND COMPONENT CONDITIONS-
DISTANCE 134 m (440 ft)
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r

as a function of distance. Curves are also shown .' r tnt ',-ra's

and A-welghted sound levels.

Review of Figures 17 through 20 shows that the senslt-vtly o "

ESA values to wind component and alpha consistency varies con-

siderably with frequency and, to a lesser extent, wltns distane.

Review also indicates that the sensitivity of ESA to wind com-

ponent changes is greater than to alpha changes. A slmplifitA

comparison of the relative effect of ESA changes with wlnJ com-

ponent and alpha is shown in Figures 21 and 22. Figire 21 srows

the range in ESA values between the -4 and +4 m/s wind component

conditions, referred to the ESA for zero wind component. haog-s

are shown for three distances. Similarly, Figure 22 shows the

range in ESA values for the -0.6 and +0.5 alpha values compare! to

that for near zero alpha conditions. Comparison of the two

figures clearly indicates the greater range in ESA values that

were observed for the range of wind component values. Also to be

noted is the generally moderate effect of either winJ conponent or

temperature gradient values on ESA values at low frequencies, th:

reduced influence of both variables in the range from approxite-

ly 125 to 300 Hz and the generally greatest effect of these vari-

ables at the higher frequencies.

Except under conditions of high negative wind (strong apoinj

conditions) and strong negative temperature gradients, all of th ,

curves show a pronounced maximum in ESA values in the vicinity of'

250 Hz. The frequency and the magnitude of the maximum valie Is

relatively little affected by the wind and temperature conditions.

This might be anticipated since this maximum occurs at the range

where small values of r2 were observed in the regression analy-

sis. The magnitude of the peak increases with distance from the

order of 13 to 18 dB at 134 meters to the order of 20 to 36 dP at

larger distances. Generally there is little change in the magni-

tude of the maximum for distances beyond about 400 meters.
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In the frequency ra nge be !uw t:iu q.x tmir y I'typIcally 25 t1 100

Hz) the attenuation generally shows a well orderecd dependence on

the wind component and temperature gradient. For zero or positive

wind component values, attenuations are very small to moderate In.

magnitude. With negative wind component values, there are gen-

erally sharply increasing values of attenuation. The sensitivity

of attenuation with temperature gradient in this range is rela-

tively small but does show a trend towards greater attenuation

with negative temperature gradients at larger distances.

In the frequency range immediately above the maximum (typi-

cally from 300 to 800 Hz) there Is a wile variation in ESA depend-

ing on wind component or temperature gradient conditions, although

the magnitude of ESA values will be less than observed at the max-

imum. ESA values can vary with wind conditions over the range

exceeding 20 dB in this frequency range. Maximum variation due to

temperature gradients is of lesser order, typically 10 to 12 dB.

In the higher frequency range (1000 to 2000 Hz and higher,

there is continued generally high variability in ESA values with

wind component values. As noted previously, the maximum values

may be close to those occurring in the 250 Hz frequency range.

There is smaller variation of ESA values with positive wind com-

ponent values than with the negative values (see Figure 21). In

this frequency range there is also considerable variation withi the

temperature gradient although the variation is less than observei

for the wind component variation. Absolute ESA values decrease

generally as a function of frequency except under the high nega-

tive wind component (shadow zone) conditions. In this frequency

range the ESA values show a consistent decrease with increasing

frequency for all values of temperature gradients.
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5.0 COMPARISONS WITH OTHER STUDIES

5.1 Comparison with Parkin and Scholes Field Studies

Probably the measurement studies most directly comparable

with the present study are those undertaken by Parkin and Scholp.,

(References 3, 4 and 5) beginning in 1959 and extending into the

early 1960's. In these studies, a jet engine was used as the

noise source, with measurements taken out to a distance of 1097 m

(3600 ft) from the source. Measurements were taken at two sites

(Radlett and Hatfield), along traverses over mostly near-level

grassland parallel to airport runways. The source engine exhaust

centerline was approximately six feet above the ground and

measurements were taken at a height of five feet above the ground

with noise levels averaged over a five to ten minute period per

set of measurements. The noise was measured along a line approxi-

mately 450 to the jet axis assuming the sound source center was

locatei six feet aft of the plane of the engine exhaust. The

reference measurement position was located much closer to the

source than in the current study, at a distance of 19.5 m (64 ft.)

The noise data were analyzed and reported in one-third octave

frequency bands. Wind direction and magnitude were measured and

excess attenuation compared as a function of the wind component.

Temperature gradient measurements were less complete, hence it is

not possible to match ESA data closely for the same temperature

gradient conditions.

Comparisons with the Parkin and Scholes results are shown in

Figures 23 through 27. Comparisons are given for a distance of

195 m (640 ft) and for the farthest distance measured by Parkin

and Scholes, 1097 m (3600 ft).
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Because measuret. -j lons Wi _

studies, ESA values measured at the,, two pltorsaoe t.to toe

specified Parkin and .Sctiole ; mto hav,- been :'~

represent the levels rur the current stuuiy at thfe comaralt 1-

Parkin and Scioes poslitl~n '1the averagingr was AIurie on a o

distance basis.

One dif ference in the reporting of data should be notej .

Th is study reports averages of data within a gIven range of'

meteorological conditions. Thet Parkin and S choles exce6os

attenuation values were -ep,-)rteI on the basis of a smooth, c-rvt-

drawn through the measured data plotted against wind component,

with values read off at specifiedi wind component values.

Another important lifftrence '- be kept in mind in comparing

data is the large differenc:e In choice of reference microphone

positions. Becaust o tnoe clo~se--In position chosen. by Farcin and

Scholes, their reported xcs att-nuaition values3 are likely to,

include more ofth to-t ia'- c attenuation between source ani

more distant uu rKo.

Figure 2, 0004 :-, ;iio fll m adlett E~.' valures wltc:

cu r rent. me asu r e men-its 1 1,o fie ay o r tWo 0 d : t a n C e S, ~-II
(340 ft) and 1079 mn 3ruO9 P' i f igiire is f or :-ero win

component condiltIors, v' - netf *ral teiipe-rat ir- )grad~entta:r

as the winter mesrmeto,- hadilett measujremients . The

general shape of the curve a, a 1unction or fre~juency Is rjuitte

similar although thie LDay e urmnn pres6ent a sharper Curve'

with the maximum occurring~r a' a lower- frequency, more c iose y,

matching the Ballet t 14~ w ~ gi shows3 th4e ma~r2:e

~~ it losf2-,1 stin prohbatly were not Ii thv-
"far field" of the engi o'corepn t: nrdc i some- err,-r

in assuming Ines Fl.:r~tini er-~igEAvauc

I ?6,



for zero wind component conditions and a small negative tempera-

ture gradient (using "lapse" data for Hatfield and summer data fimr

Radlett). The Dayton measurements again show a sharper maximum

with significantly less attenuation above the maximum values. As

in Figure 23, the low frequency portion of the Radlett data

generally provides a closer fit to the Dayton data than do the

Hatfield results. Comparison of Figures 23 and 24 shows that the

frequencies at which the maximums occur for the Dayton measure-

ments show a somewhat smaller shift with distance than do the

Parkin and Scholes data.

Figures 25 and 26 compare the measurements under near-neutral

temperature conditions with plus and minus wind component values.

Figure 25, for positive wind component data, shows curve shapes

that are very similar with all data showing a rela"ively sharp

maximum. For the closer distance, the Dayton data show a lower

frequency for the maximum than either the Radlett or Hatfield

measurements. For large distances, the Dayton data matches the

Hatfield data quite closely.

Figure 26, presenting data for negative wind component con-

ditions, again shows curve shapes that are similar in character
with relatively broad dips to the negative wind component. Again

the general tendency is for the maximum of the Dayton data to

occur at or below the frequencies for the Parkin and Scholes

measurements.

One further comparison is given in Figure 27. This figure
shows the shift in attenuation values from a minus to a plus wind

component situation for near-neutral temperature conditions. At

the closer distance (195 m) there is very good agreement in data

among the three sets of measurements with all curves showing simi-

lar trends as a function of frequency. At the larger distance

(1096 m) the curves diverge in shape and in magnitude, with the

Dayton data showing a generally greater change with wind component

at frequencies above about 250 Hz.
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The generalI trenA ) tnt ;-yt, )n (1,i et hs ~ ei '

agreement with the Park<1n anid Scholes ir,-rsurements with very small

differences. The frvquency at whl~o ct. axiimum~ attenuatlr ton c(.urrec,-

in the Dayton datA Is usuai ly lowe-r than shown by elttner the

Hatfield or hadlet-t daiti.

5.2 Comparison With 1967 Airport Measurement Study

The NUISLMIA? prugr-mu carrent ly uses sets ~f' freqaency- and

distance-ieperidoru.crvstr i> >t excess, attt. nuaitlon wi
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AngelIe s I nt erna t. 1o!-;, a ri 1)er.iv- r Sta , letonn aI rpo)rt efrenc I h7
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between the a! rraf t surce and the rfeei ver ,wcr :, typl'oil I1

many airport..community situations. The curves were oaseli on an

average ,," data for which the wind speed was gre-ater than five

for these data, the average wind component magnitude wa-, approxI-

mately 3--4 mn s). Thie reference meac:urerren t position varied from -

46 to 180 meters from the aircraft and measurements were made oult

to a maximum distance of 2,77(9 meters. In the analysis, data wer,

grouped into three dilstince ranges havlnt . nean dlstances from. tht,

aircraft source of 79)2 m, 1585 m and 2)133 rn.

in Figure 2t, the average txcess attenuatl'onsr:pot in t

1967 st Ay for 41na speeds greater thar, fiv- rn/s arL comp are

th e UaytD% datla a, th!e nearest comparable measurement dl stance foGr

condit ions o~lth average wind component values of 1.7 and 4.' mr'

with near-neatral tenperatcrt gradlents.*

Th, curves for !h 967 stludy show much greater excess

attenuation at the Lower frequenc2ies of 31.5 and 63 Hz hand.- a"

all disti-ices. t:.jcLosest distance ',792 m for the 196?

stuuy, , toef 114:)7 v s%. s comparable e~xcess teut3na

'1z and much ~catten~iati(n at ,ilgher frequencies. At. the r.-:

d~stances3, the l9K31,c;;shw greiter ateusIna 25 Hz,

Comparable ite~. t ')50 Hz, and, at-th higher frerquencies

of' 500 and 1>0 ' S.,11) ho tgntrally comnparale or sli 7't ly no-r:,

attenuat i-on thian te rutmeasurements.

''n1967 ea:rint show maxi mum excess- atet Iorn ,

v IeIn tIy of 121 H!L compar- to the -jr er uf 250 Hz in the cuirr-rit

measu!rements. 'Tuearl Ir curves,- also show a very broa-d maxli'z

compared to the haV, maxi:m i- ohoervedi In the current meas Ar~-

ment s . Much of thlis 1Is oue !' cou rs e, to the fat, th ut In tl,'

1'967 study , me asuremeni s w-re ana ly/.e in octav- !iarsis rathefr tourn

tare grad' eTitco i1
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5.3.1 Attenuation Between Source and Reference Microphones
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5.3.2 Turbulent Atmosphere Efrects
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refraction index and covarlarce are arbitrary. Ctner co nitl ,

of values could yield essentially the same impact on the calc:-

lated maximum attenuation values. You will note from tiefigur, .

that the calculated curves with appropriate cholce of parameter.;

now shows a much better fit wit'h the experimental value; at the

larger distances.

5.3.3 Comparisons for Grass and Snow Cover

Figure 31 compares the measured excess attenuation wlth grasi

cover with model predictions at six distances from 134 meters t-,

2377 meters. Values of the flow resistance and turbulence para!T'-

eters have been selected to provide a best fit; these values ar:

indicated in the figure. The impedance values have been selecte!

to provide a best fit to the experimental values in the fre]Jen,;

range below the maximum excess attenuation. The turbulence .:ara.-

eters have been selected to provide a fit in the vicinity of 1--,

maximum attenuation and at higher frequencies. At the closer jls-

tances (134 to 431 m) you will note a relatively good fi betwe,-,;

experiment an] calculations wltr little influence frr,): tY : .-

pheric turbulence corrections. At larger distances the at;.

pheric corrections are substantial.

As In]icated in FIgure 31 , to provide a good f it to th- VC

the flow resistivity value must be increaseJ with distance, g0,.-

erally increasing from the value of 100 cgs rayls at the shir-.-

d1stances out to 200 cgs rayls at the largest distance. Thi,

while a cio:e fit to field results can be obtained at any )r'.:,

distance, the same parameters will not provide an equal.; gooi

at all other distances. The reasons for this can only the spetij-

lated upon--perhaps they are related to the extremely small

Ing angles Involved and the impedance assumptions Involved In "o-

mo-, ; dlffer nces may also be due to the fact that th grui wi:

not perfectly flat as assumed in the theory.
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Fig re 32 shows a sim II Lar comp ar I s n 'txort I.-U r~.-

with model calculations for the snow covtr. For trhese data, tO.

fit between model and calculations at the shorter dlstances

as good as the grass cover situation and reflects the fact thai

the experimental curves with the snow cover exhibited a narrowtl'

frequency band of high attenuation values. You will note that,

again, the turbulent atmospheric corrections at longer dlstance.s

are substantial and materially improve the fit between the moe

and the experimental data. And, as in the case of the grass;

cover, the assumed flow resistance values must be Inrteasel witI.

distance to obtain a satisfactory fit with the data.

The flow resistivity values used in fitting the data, show!.

in Figures 31 and 32 are listed below In comparison with result.

from other studies (Referen.e 14).

Flow Resistivity, cgs Units
u rrent Othe r
Study Studies

Grass Cover Oj to 2U0 150 to 99O
Snow Cover 20 to 50 10 to 5 ,.

The flow resistivity values for the current study over> "

fit within the ranges reported from other studies. For gra o;

cover, the current study vaiues range within or below the va" f- .

from other studies. The reasons for these relatively low vai,:

are not understood. However, it shoul d he note that thie 1 ,.-' ;.,-

tions as to the excess atteIuation occurring between the s, '

and the reference inlcrophones Inf luences the shape, of the

for the excess attenuation between reference posItion anAi far

field posit!onIs, thus Influencing the choice of th, flow r- ; -

tance that provlJde the h t at. h0 be w-en to,)ry' a, i , -

vat Ions.

1 4

7



13 4 mn (44;0 fU

It Rf h tjw

10 - ------ ----- - -- ~v b jx u

101

i4 (1 12 ) S o 1 I

()i h- ,tv- a deJe reIin nH

Fl(,Ij~~~~~~~~~~~~~~i ~ 3,\CA P R S N 0 I LR D . ( S [1, (A W . Vi
0AYT -0A -PA TO S SOS:FA



ppI

F ItLIC t Lid t I t

Resistivity Refra( t ion
KLJ

"01 0 7o
'lN 20 1x1,

40 0
4 20 1 x 10 7

10 40 x 10
50 0

'50 1 1o

20 0

\-/"/

-a ! DISTANCE

,2 3 / ' 753 m (2471 ft)

/\,/ J (.-

20

/ / ,

\" / DISTANCE

/(; 1255 m (Hi11O fl)

140

t O l

6t 31. 5 63 125 250 500 1000 20UtJ !40u1;
One Third Octave, Band Center Frequen.y in lHz

FIGURE 32 B, COMPARISON OF MEASURED EXCESS ATTENUATION V ITH
ANALYTIC MODEL PROJECTIONS SNOW~ SU.RFACL

-47
30i

DISTANC

1255 (41 8 ft

4 0 I I I I I I I I II I I I L . . . . .[ i[ - - - iz 1



ke"-_It i'. Ity Rei~f lun I~)

\\;\, I" -

H x

_ _- - -

1 /

/ 10

40 --- -- _

DISTANCE

,7 7 rm (7{0 t fti

50 1so . .. i ]i.
16 31.5 63 125 250 500 1000 2000 4r_

Onr Third Octave Band Center Frequency in Hz

FIGURE 3: . ,OMPARISON OF MEASURED EXCESS ATTENUATION WITfi
ANALYTIC MODEL PROJECTIONS - SNOW SURFAUI



6.0 SUMMARY

The excess at tenoiat Ion dat a dls cu sse rn is eots:.

prises 421 sets of' acouistical andJ mete rerl ,, :a~ I ta aenu I --

over a 15 -month per1-)d. NO' Zoe V rOt:. t* -ngne lust , r

-- l35 a nd C- 141 a irc raft. we re me asurel at., nne on ten- mritr-:

distances ranging- from', 6b to-- 2377 n from tu esore Meo .

were madie in opposifte ecin along a line ave-rne-f.-

terra'n which. was ei toer grass orso -reru lreclw '2

analyses inc-i c-ate:

1. As expected r; rvoss ae, o I at(nA:~

one-thIrd octave frequency bands., fran . 25 tc 12 , 000 1 we 0:

in terms of' toe over.1l and A-levels, sho)w large v<ablty-t

example, the range o"' ESA values, over the whaole set af '421

surements ranges from the order of IA dO at sh ort Jist'in-,s -o

low frequenciles up-wards, to) thie ranget of over 7)A>o, - r'

qiuenc ICs andi -I1.stances. The ran.- in wht K -, " <

I s c,,oncent rat ed typ~a I; Iync rease-s w t'I ats Ia;'

1-uenrIcv tO) Ma-ximu'- ase i7 e -'i-'

thec range In r-rea- ae!; w 1th il re-jaencvy t I-t W I

range decreasing4 sigh4tly at hlghr Oes A 2

the loss of' data at toe ig:e qiee" -tr: v~

In the E.SA value., air, o ercss;;s,-" Aav
set of measurements; taken over a 90-mli nt e pe..o~ 05 52;weli>a. '

deviations which generally Increased wl ts distance aniA w'.,

quIency leveling oft to toe orde:,r a'3to S Oat.; e' * ::

greater lsa

2. A noticeale chr te)t f' ira- frej pe!- valat-l

excess attenuat ion data Is,, the maximum whthtypt cl lv Y >' v

the frequency range between 160 to 250 H:7.'l Isi -n '

ground effec t, due t-o the!ltt ground I p'i;'e....V '~.2

ev. lent rn al1l t Fexl ei under extot 2........
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eI*' IPA und"- ' iu r- ri neut ral temptrat r, ,'.T,-

- Io m.'. x t-' eXe U attL,

t oWer fP-' r iuSZ at to xr:i

sa nee to J rz a: t ro roes :st ane r-I, it>z

I' tee s 16r eater e x tss ati mI o)r. a t r eu' It-." ot

I hzb e es:3 a t ten oat1 Ion,,, co'Mpaire g. grass, aov t>) "'r_ '

u:-ii. 1wprlo ' oe ELSAI cr ve s wi e (D' scre: Ial uatIo ula1c

0>w reaci--o.-).a: to assoIm I s our CSte~ f' fl3W res Isti y Vaue

2~ r s. v. r~ aa o5 gs Sr~ T sL;

Ie e re.0 -3 v i t-vlue rangp:,e w to. o r 6 11.g.I.y Im lo o tr vs o1:

TA I e x-' n A values witsn ch-ang,," -n '

rte r r ,a'e varies corisi~erab ' '31' ii

ir 4rr.a iesCare ore se

-o. fr j 1. 2t CC , H I t n 'i'i'7 II

a: -v z' "'o A "' rSg e fro wIn an tepp r

K! rpgat '. - I- 0 i Fbp;leoi or tempet-rat ireg

t,. ComparIsons, wlto toe u-rlier wurk of' Parw-In at Ie In

IratPtali, wh'c~ a so 1>5. 'Iveii measu.rements o! it engi 5>)

nloise Oor Ieee i gasln sho(_w cons Is tent. s Imlarlty 1in i.

exc esitTti ;iori lA L n owve rL i the :nxImd obsierve u fr

r :ro to s r at lwer f reiien cl.es t;)sa focund for t rt-
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7.0 CONCLUSIONS AND RECOMMENDATIONS

e~~,V~rrrt~i~Oit1' I~. l y .2, :ijr~ ",h car Ia I ..t

r e C 0amoI:e rila" nr I ' be ov a:, I rC* ted t a wa r 1 3 the; H1.IJ

p-Ate r prograr. wh ,Iac! i p ts 9b tap Air Foarce an~i tac e u

aetenac t uelap olr aa L9a ontours. Coci~~ or. ,-

m enrd I on., for anly Ii;'s n thie excess attenu' ' iT- :,

sep-ira t ely I r, .a.e ", t :-';: l C

~on taur, ~e rjr i 'EMAi a re u su ially 1 r

theP no I se en v rrur ime,-, n t v icIini t y o f an a 1r',, .- ,

"typical" or "averag;e" ,nd, ioris existing a Ae

s 11a~ 11y a v e r a g ann ia Ia c oi n s . To t hIs e n i s r

'I se aarir eiao;ta x ass attenuatn valu,

representut 'V )ve ' avtor,.ba;ltar t h partli-

,~eeit is V t'ic.11t 1,- e n-''ri, 1 .' conl

s e L c t 1ot o ria t a re r -p re,3entat i v'- du, P't r,, t!ue t 1:i;-

t -iit peoplIe aire I I Ke -1y to Le moa3t sens it 'v,, to nrieuax-r

rathIer than wIntet-r canJI1t Inr.a , for example-

As an e xa~r:p ie, The a ir aba a apt Ian Volus uIsle na

t he no'-s e I e v v - sua sdistn (,e c2u r v ts a re t;s e iuapo a'6

t empe r Al r ea and L umi.d ity caono It- Ions . marlv noise l n?

cIvil airfi Idi a ar ba ci pn ''a t a nd'a rA da y" Co0 d J on,

t ur e 5 9O and r e lo it yve h um Id It y of" 70%) Analysis has s<ow; 1

the contours basedJ on thests conditions are usually quite rejri

sentaitlve of conditions at many airfields3 'c'vil' and miLItar

except for low temperait.ure conlit ions ( Heference 15,. Hw;;

carrent N IS' YAP procedures cal I for selecting.; repre;'-'r2 iu va ;itr

ba:3ra termperituire ani hum! it ty valuer; , In caicul'attigF I
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geographic and terrain features that can be clearly identlf'iep asi

calculated from available data or records.

Towards achieving the goal expressed above, the current

measurements show the following:

1. A sizeable percentage of the large variations in measured ESA

data can be explained in terms of dependence on observed meteoro-

logical and ground surface conditions. However, a sizeable resid-

ual of the variability cannot be correlated with measured factors.

This residual is due, in part, to experimental errors, but is also

due to other physical factors that are not currently measured or

taken into account. It is logical to expect that for other sites,

similarly large variations in excess attenuation would occur and

that although much may be explained by correlations with meteoro-

logical and surface conditions, there is likely to be a sizeable

residual leading to variations in excess attenuation that are due

to factors not yet adequately accounted for.

2. There is good agreement in tihe variation of exces, ateruato.

with wind component between the current measurements an-i the

Parkin and Scholes studies. This agreement indicates that the

current data base provides a reasonable basis for estlmitirig

changes in excess attenuation with changes in wini component

values. It i. also likely, although not confirmed, that the cir-

rent data base provides a reasonable basis for estimating chang,- :

in ESA with changes in temperature gradients.

3. The goo, f"it wit,, current theoretical calculations )after

allowing for introduotlon of empirical constants for atmosphere.

turbulence), observed even to large distances, suggests that

theory can be used with considerable reliance in predicting ex -, s:!

attenuation over near level terrain having near uniform grounu

surf ace corn itloris where groundj impeliance valde: can b,,

terIzed by a iringlo set )f numbers. This .ugge:;to t ha, wr,

S-54
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i It is not evidert , at th Is t line, If thert-, is ade'4uatf "st1-

tion" meteorological information available to determine meaningf i

averages for calcilating the excess attenuation values for inil-

vidual airbases. To this end, there is a need to review the Ki!

and quality of the meteorological information that is availatbe

from the weather records. Specifically, sets of meteorological

summary data for several airbases should be examined to determin,:

whether or not it is possible to specify meaningful average tem-

perature gradient and wind component conditions for Individual

bases. One potential drawback, for example, is the fact tnat t:.-

available meteorological information may not provide adequate

information for estimating low altitude temperature gradient cor.-

ditions for different times of day and different seasons.

2. Since the ESA values may vary significantly with time of day

(being affected by both wind and temperature gradient conditions

which typically have daily patterns) it would be well to review

the basis to be used for selecting the most representative tme o

day for calculating average temperature and wind gradient conil-

tions. Selection of the time of day is influenced both- Lt

relative activity at an airbase as a function of time of day ari

the changing sensitivity of co.unity areas to aircraft no'se

(increased community sensitivity to noise in evening and nlghtt .

hours, for example).

3. Additional ESA field measurements, similar to those sec

in this report should be undertaken, although the scope of f

measurements may be significantly reduced over what might or, o

have been envisioned because of greater use of theory, uticirg

empirical constants, reduces the need for field measlr-_merl: .3 ovy2

surfaces of differing ground Impedance. Manly, if not most , al.r-

port situations involve relatively irregular terrain wIt!. obsti-

cles (building, shrubbery, trees, etc.) which clearly b]hw(k

line-of-sight and which may include sections of terrai'i hav1'nrl.-
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wlidely difft'runt gro unid Imea ~ ThE eecnd' os (i!C

which it is particularly difficult to apply theoretical results.

Thus It is desirable to extend the EISA measuire:ments to cover

terrain of more Irregular features Involving a) larger sra

irregularities and (th a widJer mixture of terraln surrfce. Tue

general techniques and measurements should be similar to thosH

used at Dayton and the measurements should be conducted over a

reasonable range of wind, component and temnperdturt- gradletf con,44-

tions. It Is expected that there will be relatively large vro

XooIn excess attenuati or. an.I meterologi cal diata such that, ar.1111-

ysis probably should be In terms of' statistical analysis 0!'

relatively large number of mauemns

4. To extend the application of theory in predicting fieloI excess

attenuation and to better aefine any empirtcal custants that may

be needled iln applying the theory to real-life sItu.ations, It is

recommendedi that a prigram he undertaken in which IndIviduial sets

of ESA measurements be taxeri an u compared wit'i theory on ase

set basis. In und-ertaking thjemeasuremen ts, the meteorol(o imI'

meau~rernnts sn> o~tr;to pruvIde measuremmerits o"

atmospheric turbulenct. existinc at the tlime of measurements see(2

Reference 16, for exam{,e;'. Tsemeasurements3 coula -be con-

ducted, 1it desired, at. ttue Daytor. site for sele _te_ meteorologic.

condit ions . Large rrimtber.3 of' data sets needj not, be acqul ret, a.-_,

the studiy shouid emphasizte compqartsonis and reasons for difference;;1:,

between theory and measurements on an Individual set basis. The

results from this prugra-,r. should result In a better understanding,

o.)f tnet extent to which current theory can be used to predict,

excess attenuation at relatively large distances from the source.

it1 also shoul'd result, In better select ion of empirical constarnts

that may b~e needed In preauting the effects of atmospheric turbu,-

lenice on soundJ propagation In actuial field s ituat ions.

1 7
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APPENDIX A

PROPAGATION OF SOUND NEAR GROUND SURFACES
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e e'kr~ + (I) Qe ik'r
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K' p ruoagutior. e:'i'er,*t in. air = L f/ C
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r r 2 - ri = pati Iengtoi Iii'fereiict

Q) inma_4t source otrenigt.=iC)I

p + wc1

where P (w ) is trie Loar,x;Lry los ffctcr or, cu:;4. itx

function an ) w i6 tle ~t Lria ciataioct for a loca', rt-io

surface giver. o
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FIGURL A2. EXCESS ATTENUATION FOR SOURCE AND RECEIVER HEIGHIS
0. 2 AND 0.42 m ABOVE GROUND, AT DISTANCE OF 7.6- m,
WITH NO ATMOSPHERIC TURBULENCE
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