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SUMMARY

This report presents a review and analysis of recent air-

craft flyover data where the aircraft is at a low angle of ele-

vation relative to the observer. Excess attenuat ion factors
(attentuation in addition to normal spherical divergence and

atmospheric absorption losses), evaluated for a range of aircraft

types , were found to vary between aircraft and could be generally

characterized as a function of aircraft angle of elevation only.

Fuselage shielding or installation effects could not be positively

identified although their presence is suggested by the differing

excess attenuation characteristics of each aircraft type. Lack

of detail in the data available for review precluded the identi-

fication of any propagation losses due to turbulent scattering

of sound in the atmosphere. The results of the study suggest

that currently applied predictive models for sideline noise tend

to overestimate noise levels - particularly for 3 and 14 engine

aircraft . An alternative approach to sideline noise prediction

is suggested and recommendations are made to encourage technical

development in this uncertain area of aircraft noise prediction.
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INTRODUCTION

When an aircraft is on or close to the ground , the noise

levels experienced by an observer are gel erally lower than

would be experienced if the aircraft were at a similar distance

directly overhead . This additional attenuation which cannot

be accounted for by propagation losses due to spherical diver-

gence (inverse square law) and atmospheric absorption is the

subject of this review.

Historically , noise prediction procedures have accounted for

attenuation due to sound propagation close to the ground surface ,

and shielding Or installation effects for multi—eng ined aircraft ,

by somewhat uncertain empirically based prediction models. This

situation persists even though it has been demonstrated that the

choice of empirical models for sideline noise prediction may

have a significant effect upon the resulting noise contour levels

and areas .

In the interests of providing a more substantial technical

foundation and , as a result , improved predictive procedures for

aIrcraft sideline noise , this technical review examines and

collates available aircraft sideline noise data. The principal

objective is to stimulate the development of empirical predic-

tion models from a broader data base , and to provide initial

direction for studies to encourage progress to be achieved in

this technically weak area.

It is anticipated that this study will complement , rather

than review , previous technical efforts to describe , quantify ,

and mathemati cally explain the phenomena involved in aircraft

sideline or overground noise propagation. IIISCUSSIOflS on previous

work and the conclusions drawn from them are available in the
*appropriate comprehensive review documents . ’’2

* Rt~ferences are listed at the end of t his r t 1 or t

— 11 —
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H-~~h ~ ::~ Dl,~c ;:~ :J o:~
In te rm: of a t . e h r i i c a l  u n u r r s t a n d i r , : of the  p h y s i c a l

p r i c r t o men ia  im v c l v . .i , L a .  c o st  u n c e r t a i n  e lement  f r I  the  p r e d i c t i on
of noise  i ron air  base a.nid a i r p o r t  op e r at i o n :  r e l at  s t e o i r c r a f t
s iue l i a~ a ~lc e .  This ~r c ~~rtainty is in the  e s t i m at i an  of t he
sound a t t e n u a t i o n , in add i t i on  to losses  caused  by h e r b al
divergence and a tmosphe r i c  a b s o r p t i o n , t ha t  is ap p a r c r i t  v~r~e ri an
a i r c r a f t  is on thc ’ ~r ~~nd or at a low ang le  of e levat ion w i t h
respec t  to the ob s e r v e r .

This a t t e n u a t i o n , w h i c h  r e su l t s  in lower a i r c r a f t  no i se
levels than would be normally antici pated , is commonly referred

to as extra I~ r’ exces~ -round attenuation (EGA) and has been

exhaustively discu : .n both qualitative and sometimes specula-

tive terms for a ~ years. To date , however , firm con—

clusions have y siawr I upon the relative significance of

the many vari i ~.~~~ i cik phenomena that are potentially involved.

The reflection and absorption of sound by a ground surface of

finite acoustic impedance , the  scattering of sound by a turbulent

atmosphere , and acoustic shadowing duc to thermal and wind

gradients close to the ground are  some of the popularly discussed

phenomena thought to contribute to 1.~ A .

While the most significant contributing factors to ESA are

consiucred to be a direct result of sound propagation close to ti

hrcor~d surface , installation effects a lso  provide the potential

i
,
ui d i f re r e n o es  between overh~ ad and sideline aircraft noise

levels.

a multi—engined aircraft is at a relatively low

angle of elevation , the possibility exists for the observer to

be shielded frera noi se  f rom On~ or rnor - of th engines. The

shieldinìg may be a. res -~it of he interv ning aircraft fuselage ,

~ j .:*~:::TIJ ii ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ uI.i~~



or it may be a source interaction mechanism where , for example ,

side—by—s ide jet nozzle configuration may cause changes in noise

source characteristics , or cause one jet to act as an effective

aerodynamic shield for the other. When either one or more of these

phenomena are present , the result is an assymetric r~ Oiat1on

pattern around ‘;he airora rt longitudir .a~ axis. Colleoti”el:/

these factors may be termed an installation effect, caus ing a
noise level to the side of an aircraft which is different , and
generally lower due to the nature of aircraft conui~ urat ions ,

than the noise level that is measured directly under the aircraft

flight path.

Thus , available data , none of which have been acquired
specifically to examine installation effects , cannot be reviewed

to assess contribution of installation effects directly. This

is particularly true since the maximum intuitive estimates of

attenuation due to installation effects are on the order of 3 dB

(E P ’ :dB , SEL , etc.) while the reported cumulative effects of
phenomena related to low angle sound propagation (which may well

include any installation effects) may be 10 to 15 dE or even

higher.

However , available data may he reviewed to establish trends

in the col lec t ive EGA f unc tion , w it h the aim to resolv e f rom these
trends characteristics which may be a function of aircraft type ,

there by suggest ing (but not necessar ily con firming ) the presence
of an installation related effect.

Most aircraft flyover data that are readily available are

presented in noise units which result from a complex analysis

of the basic physical sound signal. These units (for example

SEL , EPNL and PNL) are generally overall noise measures involving

—6 -
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an a c p r o p r i a t e  fr equency  w e i g h t i n g  r e l a t i n c -  to s u b j e c t i v e  response ,
and ~-ay include some form of time integration and possibly penalties

for the presence of tones in the noise ;mature . Thus , while

workir5- , empirical relationship: m ay be derived for EGA (in-

cludin g any installation effects) it is difficult if not impossible

to determine fror:. available data the relative charir~es in the

physical characteristics of the flyover noise signatures which

give rise to this excess attenuation. This detailed information

is essential if the significant physical mechan isms involved in

EGA ~r~d installation effects are to be identified.

—7—
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::.~ T~~~r~nda ’ ~.‘ rJ ~) I i. ‘:‘ -~ st : H L L I C T  S

- n :  of J~ a] t~~r n : t i v e  rece d uren ; or

FdA ri-n :.: nlt’ jn er . ~f . . : :~~ r c r oj f ’ , n ;~~del~~r~~
n o i s e  pr il c i. ion ore ova !l:if le. loire: , 1~. 1: .noithwhfl e in

t h e  c or n ~xt  of  t h i s  r e e l  n t o  d o : r : r tb e  i n i r - f ly  arn i o u a l i t a t i v e ly

t h e  a n t  r o o n n e s  th a  rna.’~ be t a L o n .

a s d  on ex ~~o r ’ i : f n ~ :il d a a , ~ 551 n a y  ho rnja.r: tifi~~d :j5 a

i i ;  of hT -th f r -eai:nic ,’ an-i iin:ta n :e. T h i n , ap r .r c pr i r i t e

at t ~~n t u a tb o n  f o c . nr ::  in a-i-l it an t -  np a er i al  d i v e rg e n c e  and

a t n - ~u a p h : r i :  abs r~~t I n .  1- - ne.: may be  : l c i  to  t h e  base  air-

c r a f t  n ~i :  I o t a  I n i  - r  t o  ta c nn.~- i t a t - i n r  of  A L , A L T , or I

or ;  E-SLT . as a t~~n . -~ i o n of n i ; t : e - f t c : : . t b  s j u n o e  to r e c e i v e r .

an :1 51. f n n c  t i o n s  n a y  t h e n  t o  ie~ en :: i n n - i  . Th e c i v i l  5FF £

- 5 ’  I F  ( -h r :~~~f r L .~o n )  inc ce d - r’ -a ad ant . this nor roach , as
f o e s  t h ~ S I:i’: :AT :-o~~c i u r  u : e n  n’ the  A i r  Force , d a v y ,  E l A

m m d  5:1

~~u]1ec ice Iota b r e n t :  of I~5A I t ;  t e n c ; s  o f  SP l i t  ( o r  C F L )

may b e ~aen  - i n ’  l y e  t h e  o~ t e n u o l  i n ;  d i r t l y  o n - a  fun -t ion of
sou rce  t o  r ’ec e i  ve r  -I  i n t n : n c e .  Thi n m e t h o d  w : i a  r i o  n r o ~- on f , but

at t he  r e : - n me b - i s  r e t  he r ; ì ’ ~ ed nor  t a r - a l l y  r c -c onnrna n d e i

by ~hr  S A L .

:otn Of tb  a bOv e  ap r  r c : r c :  hen :  r ’oi ic t 551 u n d e r ’  cond. i  t i e r ;;

where t h e  sour -n e ann -I n o o  i -n’ a n n . - l a t e ]  ri - n m m l i v  at st u n t

l e v e l .  Sn rn - O tt e r ’ whi ch hysic~~l r : - n f ; : r i s m : , ( s )  ore  p r i n c i p a l l y

i r i v u i v i i n  F -iSA , m e o n n n r ’ - - i  I ot a  t r e n r i . ;  I t n i l c o t  a a :ncm- ic as

w i t h  i ri  r o n  a a : — o b s_ - r - n - ’ - o a re no 5 t. - 1 0  or ’ t~’1 n S inn.

For t h t  s reason , sort:’: f rn:. of’ I n o r :: i o n  f’ i m n c i  a - n  m m -i t be

p r ’ - v i  i s u c h  t h a t at r i - I  ‘W v-n a :;i .- e i f i e d  : n n i g l  o f ’  e l e v a t i o n  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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o~u l y  t he  standard spherical divergence and atmospheric absorption

l;~ ’ ; l - i I a . t i ) r n  losses are taken into account . This transition

1on -ct~~on ha s  been a subject of much discussion , w ith the
principal topic being the angle of eleva~ ion at wh ich EGA

becor:nos insignificant . Candidate angles for this cutoff point

range between E degrees 7 and 30 degrees
8 and on some op inions ,

higher than 30 degrees. The angles selected or recommended are

generally a strong funct ion of the particular source of data
used in their determination.

The ouestion of installation effects (or shielding), if it
is addressed in the noise prediction process , has been treated
separately and in addition to functions to account for EGA.

One assunption , provided for review by the SAE
8 , is that for

mult i—engine aircraft the maximum potential benefit from in-

stallat ion effects is 3 dB (SEL, EPNdB , etc.) and that this
value d iminishes with increasing elevation angle to zero at 90°

(directly overhead).

Thus , whichever approach is taken to predict sideline noise

levels , the method includes many uncertainties. This situation

is borne out by the lack of uniform opinion on the appropriate

pred ictive approach , and the relat ive absence of experimental

data to allow even a preliminary rank ordering of the significant

contr ibuting phenomena to EGA. Likewise , the identification and

separat ion of E GA and installation effects has yet to be

accom plished in actual aircraft flyover data.

5)1:0 contour sensitivity studies 8 have demonstrated that
th~ choice of pred ict-ion model for aircraft sideline noise

p ret1’t ion can ha’; I a si~ ri~~ficant impact on the resulting con—

tour’ are-an- . This fact further endorses the need for a more

sub stantive technical foundation for sideline noise prediction.

— 9 —  
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AIRCRAFT 110155 DATA REVIEW

Obj ectives

The purpose of this review is to bring together in a

consistent way aircraft flyover noise measurements that include :

Sideline data where simultaneous measurements have been

made under the flight path and at varying distances from

the fli ght track, emphasizing data where aircraft angles
of elevation are small (30° and below),

A variety of aircraft types including large multi—engine

transport and single engine combat equipment’

and to examine these data for evidence of EGA and/or installation

effects. While much of the data has been presented before in
technical reports , it is felt that a comparison of the data sets

on a similar basis and at one time represents a valuable first

step towards the development of a more refined and technically

based sideline noise prediction model. To the best of our

knowledge , a broad data review of this type has not been under-

taken or at least made available previously .

Data Sources

The following data have been reviewed in this study :

Source Aircraft Type

Hy dros pac e9 A— 7, F—n , F—lOl , A—6 ,

Learjet , DC— 9

Hydrospace ’° 727, 707, KC— l~~~A

Boeing 11  727
Boeing 1 2  727

British Aircraft Corp .1 3  Principally multi—engine

turbojet powered aircraft

Douglas ’~ DC—8—6l

— 1 0 —  
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With the exception of the BAC data , all the reports

reference d have pre sented data in te rms of EPNL ~or EPNL
differences) versus aircraft to observer range or elevation

angle. Altitudes have typically ranged between 200 feet and

9, 000 feet with sideline measurement distances of up to 9,000
feet . Aircraft elevation angles at the closest point of approach

to the observer range between 2.5 degrees and 90 degrees (over-

head). In general , the data reviewed have been acquired over

relatively open terrain with microphone heights between 14 and

6 feet above ground level.

Recent technical evaluations both by Boeing (and subsequent

reanalysis of Boeing data by United Airlines), BAC and Douglas

have suggested a strong correlation between excess attenuation

and the aircraft angle of elevation relative to the observer —

• notwithstanding the distance between the aircraft and the

observer . Since similar trends were initially visible in data

from Hydrospace , this correlating approach (excess attenuation

versus aircraft elevation angle at closest point of approach)

was used in the analysis of the flyover data. It was anticipated

that if the excess attenuation was indeed a strong function of

both angle and distance then any distance dependence would be

evident in the resulting data plots.

Source Data Limitation s

Any set of measured data contains limitations either in the

detail which is provided in the technical report or, as authors

generally recognize where necessary , in certain aspects of data

quality or completeness. Cross analysis between data from these

reports merely preserves the limitations.

However , two steps have been taken in an attempt to minimize

the inclusion of questionable data:

—1 1—



( 1) F lyover  da ta  w i t h  h igh  eng ine  t h r u s t  c o n di t i o ns  have

been emphasized. Higher p ow er  se t t i ng s  are most

easily reproduced under varying test conditions and

have been the  most c o mp r e h en s i v e l y  r epo r t ed  en g i n e

s e t tin g s  in the  da t a  sets  ava i l ab l e  for  r e v i e w .

Fur the r , t h e s e  c on d i t i o ns  are g:na~~n a r l ~, a s s o c iat e d  w i t h

the best flyover to background noise ratio—particularly

important at large sideline distances.

(2) Where flight path tr ’acn -:ing information is available

with the noise data , data  sets w ith in c o n s i s t e n t
flight paths have been omitted.

All the data reviewed are froni sources which presented data

in subjective noise unit:, EP SL or PNL , and thus it is not
possible to determine from the data the physical changes in the

• flyover noise signatures that result in the presence of an

excess attenuation.

However , even though the basic source data are in subjective

units , one set of flyover spectral time histories has been made

available from overhead and s id e l i n e  mic rophones  where  an excess

attenuation of 8—l i EP Nd B was -apparent. These data have been

reviewed in detail to d e t e rr n i ri - in an i n i ti a l , but no t. necessarily

general , way the changes in flyover signature which result in

this significant excess attenuation.

Data Presentation

in t he  f o l l o w i ng  p a r a g r a p h; , t h e  d a t a  se l e c t e d  from each

i n n  f’oi ’nn-t t ion source  a r e  p r e s e n t e d .  The test p l ’uS ra mS and ori ginal
data form a r n ie: cribed briefly, together with :npj r’op -x ’iat . n - comm ent

on the approach to re—analysis.

— 1 2 —
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Hydros~~ace d ev en t e e n  A i r c r a f t  5t~~f

Data repor ted  in this study comprise aircraft flyover noise

levels presented in EPSS as a function of aircraft altitude (200

to 6,000 feet) and sideline distan ce (110 to ~,500 feet).

1-licrophone-: were locat;u 14 feet above ground level.

The following data from thIs Hydrospace study have been

extracted for analysis in this review :

. Aircraft — A -7,  F — a , 1—101 , A— 6 , Lear,~et , D l_ 9

. Altitude — 200 feet

— . Engine t h r u s t  — l00~~.

This da ta  s e l ec t ion  was ba sed  upon t he  need for r e l a t i v e l y

complete and consistent sets of measurements for each aircraft

at a well defined engine power setting, and to give a good

range of aircraft elevation angle (3° to  5 0 ° ) .

Standard noise  level ver sus  d i s t ance  curves  for  a i r — t o —
ground propagat ion  ( sphe r i ca l  d ive rgence  and a t m o s p h e r i c
absorption losses o n l y )  based upon data  acqui red  by AME L were
used as a r e fe rence  aga inst  w h i c h  to compare the  measured d a t a .
O f f s e ts duo to a i r c ra f t  sr - co d  and o t her  e f f e c t s  are n o r m a l i so l
by best fitting the standard curve to the  measured  data  at the
smaller slant distances. Coo-I :~ 1 -’y’~ er :n ’ rn r ~•,on. f- a i m - - n  -S w n ’ n . n m

a i r c r a f t  da~~a m n r I  t b - - r~- i ~~o 1- - t e l  v n’ :~~~
,‘- n ’ ar : -e our v’~~’-

at slant ranges b aLo ,v JOOU ‘ - .
~~ i ” i g:nr n - 1 n: ] n- .-

t h is  compar ison process  for ’ t h e  5— 10 1 f’ 1 y n v n - r ’  I t i t  a a n d  t ha mn - b l i n d

by which  excess  a t t e n u a t i o n:  w r ’  e- - s t a b l i : h n - t .

This p rocedure  for  a n a l y s i s  was f o l l o w - i  for  e a c h  of t h e
a i r c r a f t  noted , and in F i g n n r ’ - 2 , t he  excess  -at t n - n u a t  Ion for’ ~, O C ?J

ai r c r a f t  is 1-n ’ s e n i t .  • - i  ‘is a f n i r a ’t i o n  of t h e  i i  r n ’r ’ a l ’I c levat i~~n n

angle at the  close:; t p o in t  of flyover approach.
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Hy dr ospace Fou r /~ir c r c t t’t i n  L ov e ’]  1”light ..‘ t u ~~’
1 0

This ser ies  of te~~t5 , unci: -r’taken at National Av iat iern

Fa c i l i t i e s  Expe r imen ta l  C e r n t n ’ r , n - s u i t e d  in ex t e n s i v e -  l eve l
f lyo ver data  for ’ fou r  a i r c r a f t  —— 72 7 ,  707 ,  D~ — 9 arid K C— 13 5A
Air c ra f t  a l t i t u d e s  r ang e d f r a n :  :50 f t .  to 14 , 000 ft. W i t h
microphones locat ~’ -d at s ideli ne d i s t a n c e s  b e t w e e n  250 f t .  and
7,000 f t .  N ic ropho nes were 14 f ee t  above ground l eve l .

In the report , the author acknowledges the elimination of

a number  of 7, 000 f ee t  s idel i ne measurements  due to the  p z ’e :ence
of e xcess ive  ambient  or data  a c q u i s i t i o n  sys tem n o i s e .  The
q u e s t i on  of the  impact  of f a i r ly  s t rong  negative ’ wind vec tors
(f rom the  mic rophone  towards  the s o u r c e)  was a lso  d i s c u s s e d  in
t h e  report  wi th  p a r t i c u l a r  regard to s p e c i f i c  K C — l 3 5 A  d a t a .  No
pos i t i ve conc lu s ions  were drawn h o w e v e r .

Data e x t r a c t e d  from th i s  Hydro spac e-  s t u d y  f r  the  purpose
.
~~~~

‘ th is  reana lys i s  and review comprise the n’27, 707 and Kf l — 1 3 5 A

a i r c ra f t  at 100% rated t h r u s t .  DC — 9 da ta  are not r ev iewe l due  to
sign i f i c a n t  ve r t i ca l  d i spe r s ion  in f l i g h t  pa ths  du r ing  t b ’  tests.

The 14 ,000 foot a l t i tude  f l y o v e r  data for  a l l  a i x -r a f t  is l~~h n - —
wise omitted due to laterai dispersion during the t e st  f l i g h t s .
Agai n , the measured  da ta  a r e  compar ’ed w i t h  t h e  st a n d a r d  a i r - t o —
gro und noise level  versus  s l an t  di s t a n c e  c u r - v a :  to dn- ter n ilrne

the  magni tude of any excess  a t t e n u a t i o n .  For - ’ t h e  t h r ’ t-~e a ir c r a f t ,
these a t t enua t ions  are px ’ e : e n t n - d  as a f u n c t i o n  • f  e l e vat i o n
angle at the  c loses t  p o in t  of a i r c r a f t  aj - ~- I ’ n a ch , F ig u re ‘~~. In
th is  ana lys i s , si nce da ta  f rom e ac h  a i r c r a f t  may h e  j - r ’ cn ; e n . t e d

sep ara te ly  ( i n  the  p r e v io u s  L ec t i o n  a c o l l e c t i v e  compar i son  was

necessary), the data have not been normalized with the noise

level versus distance cun v ’.’s nit. t h e ’ smaller  s l an t  d i st a n c e s .
This is evident by sl~ e-h t. dat a of f s e t:  at high nngles of

elevation.
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Boeing Long Range Noise Study—727 Aircraft~~
1

The Boeing Company , as part of a retrofit feasibility

program , undertook extensive flyover noise measurements on the

727 aircraft . Data were acquired on either side of the flight

track to sideline distances of 6 ,000 feet and on one side of

the flight track to 9,000 feet. Aircraft altitudes ranged from

1400 to 9, 000 feet. Data were presented primarily in terms of

EPNL versus the minimum slant distance between aiicraft and

measurement position. Microphones were located ~4 feet above

ground level.

In the report , the authors acknowledge problems in the

recording/playback process primarily as a result of system

electrical noise and transients. However , corrections have

been made to allow for these In a reasonable way . In this

review , as—measured sideline noise data (which include the

basic corrections for system noise) are compared to the as—

measured data acquire d under the flight path. For the same

aircraft to microphone distance , this comparison gives a direct

measure of any excess attenuation at the sideline location .

Two engine power settings (12,000 and 10,000 lbf. net thrust)

and both the baseline and retrofit nacelle configuration data

were analyzed.

In Figure 4, the data are presented in terms of excess

a t t e n u a t i o n  as a f u n c t i o n  of e levat ion angle at tn e  closest
point of aircraft approach. It should be noted at this point ,

that a similar analysis has been undertaken prior to this study

by Coykendall of United Airlines using the final standardized —

baseline airplane data from the Boeing study . The curves

resulting from the UA analysis agree , not unexpectedly, with

the derived curves of this review .

— 18—
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i~a~ ir ig ~ i~A —T ,. ~.e ISe - i’P. i s u r r - r r e n t s  — 72 7 1 2

Ta~-:e-off nois-:- measurements for the 72’! airplane hav~ be’ r~
i: j de by the  Hoeing Compargi at t h e  Sea t t l e /Tacoma  I nt e r n a t i o n a l
Ai rpor t . A o i se  data  for  var ious  a i r c r a f t  a lt i t ude - s and a’

siJ:lir~e -dist ance-s of 1,800, 2, ~ 0O and 14,000 feet werf I” p o r t e d

lnfsr ’i :~al ly . While  it must b e- r ecognized  t h a t  these  t e s t s  wore
somewhat  loss con t ro l led  than f l yove r  t e s t s  p l a n n e d  :i -c i f i c a l l y

for noise data acquisition , the results are nonethele:s valuable-.

~i ier oph one s  were l oca t ed  at approximate ly  5 feet above the--
local  ground level and r e s u l t s  were p resen ted  in te rms of Lr EPNL
(Overnead minus Sideline) versus airplane altitude for each of

tac stated sideline distances.

ide  r e s u l t s  of these  Boeing t e s ts  have been rev iewed  and
are presented on Figure 5 in terms of excess attenuation

~iga ins t  angle  of a i r c r a f t  e l eva t ion  at the  closes t  po in t  of

Tric r e f e r e n c e  no i se  level versus the distance function
-ared in this case is the Boeing/FAA noise definition curve- .’5

Bri t ish  Ai rc ra f t  Corpora t ion  Noise Dat a ’’
Thr’osgh an informal  report  submitted to the SAE A—21

Jc1srsittee , BAC presented results of aircraft takeoff noise

level difference: (in terms of maximum perceived noise la ” 1

LP~-~L~k J)botween under the flight i ath and sideline location :.

i h~- u-rta were principally from mult i—engine- turbojet power ed
t i r - crrft . Side--lin e- distance :; of 750 to ?,lOO f et and aircraft

ingle- : of elevation (at clo:~ st point of al i-roach) h -two -n ~
‘(

~~ degree ’s were 1’ e-~ or ted .

R e v i e w  of tne . ;u  BAC data is ; m cwhat  mor co rL ~ h e a t ad

s i t ice  t h e  shielding coi ’l ’ e c t i  ons ( i n  acc o r d an c e  with the once

rOpOS - - t  SAE AR P 11114 p r o c e d u r e  > 8  h r - I  to e n apr l ied  to the

— 2 0 —
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_ _ _ _ _ _ _  - ~ -

h’- nr i or  to ~~~~~~~~~~~~~~ A lso , :~ n1ce t h e  - i d a  a r e  !n t - 1’; : , s  01 ’

~‘~~ - - : ‘ - : ‘~L r’ th ’i~ 1r ~r:— in’ ‘ ~~‘ — t -  d an I Se- 1 :- azu r e , s’ r - l e - ’ 1,1 ,:e (- - I-

a n- - el to ‘ike - i n c  a ce - ’ cs ’. the actual al: r - r : t  an -ic of ’

i- -n at tee - ‘. : - -
~~~ ~ r :,:.::. -

- b-: - l ~ Yi ~‘Jere - c - c a r t -  (I ~~ 1 1 -  i l y

ay £- i J’ t ’- rr- : -
~~ a r:na ”n , - n -h of el-:aYor1 ‘n ’ toe ci (-~ e5t

p Int of arp- -n o-’h . H e- i - v - _ n ’ , }r B~’I ’2 d a h  r r-a:er ,t - -d i n  F ’ i - u r ’ e t-

nave -- bee - IA ai , ’ u s t e - J  such  th a t .  t h e -  .‘r ro - l i -  of el °votie-n reflects a

P~;LY d~~r -e c t i v i t y  - t n - I e of 1 45 0  to t h ’  ,j ’  a x i s  — tyr Ical for

t u r b o , et  e n - i  n - : - : .

i” r’ e-r:. a r-r-ic tical :t- rndnoiot it cc aid be argued that , since

a h i gh  correlation exl at :  b e t w e en  P i l L - i  an i EP~ L , t h e s e  BAC t a t  -
~

c ou ld  c. - a r r i n I - f u l l y  be r e sen ted  a~ a inst  ‘t r i -l e of e leva t  i ‘r, at the

closest loint of aI :pr - : rh .  itor-e detail is e v i d e n t  ly ra h 1 c - e l
before the data can he fair’ly evaluated it  t ~-rrr.s A’J h l C h  ar - - C o n —

par -abl e’ to th e  -t her  data In i h i s  st u d y  an I t h e i r  1i- - -~~ent at ion
is r:, -ide with r e s e r v a t i o n s  pendin g further -Itial ysis . At t he

p r e s e n t  t he , in f -r o t  , t In- data ar- - u n d e r g o i n g  a m o n t -  c1et~a il e d

point by p o i n t  a n a l ys i s  at  h A f .

Douglas Aircr aft Comp anl: 1) C — 8 — 6 l ~~

A: part of the  A ir c r a f t  ~1 - - D e f i n i  t i e - a  p r o - -n-an ~ fo r - the-

Dr ’— 8— f 1 aircra t ’- , flyover’ iat — t we-se - acquir- - I ova i’ ~i i ’ o i ge of

s i d e l i ne  d i s t an ces ft— or: 2 ,500 f -et to 8,000 fe e t  and s l a n t
di s tan-: - ‘S be t - -i’ -en a i rcra d. and ne-a s u r e r : o nt  p ~s m of ;~ o 

—

9,900 feet. The d a t a  were-i pr’ -sc’rited collect i v t ’ ly  , for  br a t

thrust. set ’. inigs , i n t orn :  of cxc ’- : :  attim,’il io n a.: a f u n i  t i o n
of air-craft el e -vrt ion.

- - - ~~~~~~~~~~~~~~~~~~ -- ---~~~~~~~~~~~~ - - -
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The dA~ a a t a  a r e - - s e- : .t co ur~ ig-ax -e - 7 h ay ’ : be- - n ex t  r a e - t e a

uir’e- c t ly fror: : th ’: D~ — -~— 1l 501:0 I,e-fioitic: he -pert Lz ta~ 11 ’ i ’ ’ - l y
r ’cp l o : t- - -l for ’ oon i - : i c : : ec ay  ‘.- ‘~~th  t h e  f’:r ’na ’. of  u t h ’  a :‘irar’c- .; i :

this review.

Addi tir,rial Fl yover ~ h::e- A r a l g a l : :

in an: e f f o rt  to aete-r ’r air s :  t h e -  ch ar gos in f~ j  ~v er’ no ise

s~~gn -itAr ’~ b rat re- s-a lt  in an ap p a r en t  e x e c - 5 a t tc - n u a t io n  at

lu~i angle-: of ai r cr a f t  e-lo ’!nt ion , a f u r t h e r  nor-c dc ’ta i  led

analysIs af a : p e cif i :  f lj o v - a r’ crata set ha: bee-ri undertake-ri.

~~~ a n aly s i s , t h e -  r e - s -~ l ts  e1 wh Lc h  may not  nec :s:arily be

e:-~rie - :a~ lj apol ica-l~
le to other’ iride-perde r t data se-tn , examinc-s

:‘ i yo - I e - r  signat a r e - - s  in one—third cjctave- frequency bands rather

t o -a : ,  S ~s J e c t i v e -  at-it : to ider ;t i f ’y phys i c al U~ f f e re -nce :  that .
cxl ot between bri e - d a t a  f’ r ’as o v e r he a d  and s i de l i ne -  m e a su r e - n e  n t

Inc a i r c r a f t  is a 7 17 in level  f l ig r ~t a t a n , r r i n a l

c~I t i t a d e -  of ~00 f e - c t .  ;‘it- t t s u r e r r i e r i t  we -re -  a c q u i re  (I d i r - :ct iy

under’  t he -  f l i g h t  o at h  and at s;j 1n :tr ’ic p o i r t :  er r  e ith er ’

s ide-  of t h e  f l igh t  t~ ’a :w at ~ , 000 f oot  d L : t a r -:e , r’ -p re - - i; e n n t i n f :

ar~ ai r c r a f t  e l eva t ion  ang le -  of  ~ p~~r ’ax i n : a t  l:j 7 .  ~0 Whe n

n o r m a l i z e-c l  fo r  losses  d to  :;p: o -r i ca l  i i~i r -g - t i c ’ -  -mu a t : m o n p h e r ~ c
absor’atiarr , t h e ’  sideline noise i -v ei s we r e - - ~i .7 a~ 10.9 EI’NdB

lower than data under’ trio’ :tircr’n ft ~ I I ght 
~~~~ 

.

the t ’ ’e- _ i r l t cor be l or~ - — IJ~~r’- j (~~ ‘ t  ‘ y e -  t m

f r - s c  each  mca : u r ’  er ’~ r - - - - :i t  i o n  r a y  be - c c r ~ ~~I - ’ -  I n  r - : - e v i d e -

an i r , f i - - a t i o n i  of t F  d i  f~ ’ t r ’ e r c c : i n  Ly :;i ai : ‘ l r e t C l ,( H t i e s

f th’ r ’iy’ ve- r ni ~~r - ’9 -;r’e::- -’jt ‘ne-h oh’. hri .

— 
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The- t i r e i n t e g r a l  ‘ q pr ’ c a :r ~ is  face-are-i  s i r e - e -  , w e e-r e  l a rge-

r r op a g a t i on i  d i s t c r r . e - e : ;  arc i r : v c i ye -- i , t h e  d ir e - c t  cornpa r ’ i  sort  of

instantaneous peak : o e- e -t r ’ al  l’z ’ I :i S  to  d e t e r m i n e  a t te n u a t i o n ,

may cc severely ioflue -r ,e-ed t~ 7 st-~~ t ’t t e r n  P P L  f l u c t u a t i o n:  and

d i r e - a t i v i t y  e f f e c t s .

R ep r ’e se -n t a t i v e  o r 1 e— t h i r a  octave-  b a n d  s o un d  p r e ss ur e  level

t ine  r c i :t o r i e s  f or  t he  f ly o v e r  e- v e -r ,t are - p r e s e n t e d  nn F i g u r e  ~ ;

the rauxinearn hi- h darIng the event and t i n - c  in t e g r a t e d  b a r d l evi -i

are id en t i  f l e d .  F ~g~~r ’e- ~ she’s: t he :. i nn- i n:  :grateu spectrot

fro: :, each of t h e -  ~bt ’e -e- f l y o v e r  rn ea :ur ’c-ment  p o s i t i o n s  up to  a

f r e q u en c y  of 2 500  H z .  at  w h i c h  p o i n t  t h e -  d i s t an t  si d e l i n e

me~~s c r r er r e n t :  are e i t he -r  at or below the background noise ~ev el .

The — a o r , s i s t e - r i t  d i f fe r e n c e  b ’: t w - - ’ - r  th e  two  :i d e l in e -  m e a s or e r c :r t.

p o s i t i o n :  ( e s s e n t i a l l y  in dc ’pe- :~~f e n t  of f r e q u e n c y )  is : nt c ’i  at  leg

to n o t e -  a l t h oo gh  no :x p l an a t  ic - n Pe r’ t h e  a symrrr e-- t r ’y is p r e r e n t ’- d

h e r e i n,  h o t  u r , e - x p e a b e - i l y  , t h e -  a v er - a g e  d i  f f ’ - r e - r~ce of a p r r o x i r ; : r t f ’ l v

Jb betw een toe two si -- l ini e- sr en’ b r a  was clearly reflected in an

EPhI. -l iff’ere-rce -  of 3 .  ~ h i > i J d h  at  b r i e  two  rceas ure--r:e -rit 051 t l e - t I S

I”or this an a l ys i s , t i -r e -  a v :r ’a g c - l : Id e - l ~ ti e time in tegrat- -d

sp e c t r a  ar t - corn puz’  —i to t h e  cv-  t ’h€’ ~~d :~ ed - r u n , e x t r a po l a t e d  to

a b , 000 P a n t  d i -s ta r i c t -  -u s i n g  st a n dard n i  r— t — g r ou t :  I p-rag agat i o n

m e-b ho-i s (:~~ire r i ca1  divc-rg :nc e --  , at i r spi - - r ’ i  c at - : ;  r i  t~ I or , and

a ~rat  i or : ) . Th e- co:g. n i l  su e  n a y  t h e - n  be- ra a- 1e- be- b we-en: t ht - me-a:;- ui’ -1

“ si d e - l i n e t ’ an-i t he -  ex t  rapulatea “ o’; - t ’ l i - : :i:i ” s p e- c t  i’s to W -be - i - mi l i e - -

t he  una ’: c o - a nt e - i  f ’ -~ r ’ at  t ’ : t rUSb  l o t  t h a t  g i v e - s  c - i  se o t h e -  r n - — e a r  1 ci

-- x e-e s, :  a b t e - L -u at l o :  or ’ hi! . T n i s  : - s c ; - a r ’  s t  is sn - r t  i n ,  F i g u r e - - 10.

For ant h i t - a l  : ‘ I y o v ’ - r ’  r i s e- ‘ ‘1- t~~ (a  ‘ t r i a n g o l a r - ” i n - -

history), t he-- n u m e r ’ i c r l  -il I f  n ’ cc- b - t w - ’ - n  t h e - -  m e - -  h r  - g r e t -i

lev ’ :i and t b -  i r : : t a n , t - r - o u s  f :  a-~ 1 y 1 h c r - a s e - : -  :.‘ 3 ~I ’ ‘ r

d o u b l in g  -~ i : ;t :r r ;e -’ :‘ n ’ - ci h ’ sear ’ - - ’ - . Th e- l cg ’ it t - d  - i t  ~~~‘ r a s i t  i t r i

c u r ve - f ’ :“i; - u r ’ - 1 0 ( a)  i o c t o n ’ ;  e - : ’a, : ~~ I l i l : ;  it;: , a ; ‘ h r .
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The ac tua l  d i f f e r e n c e s  b e - - t w e - e r t  t he  t ime i n t e g r a t e d  ansi
peak level: have been d e t e r m i n e d  for  each f r eq u e n c y  band in ,
t he f l y o ver data  set and w h e r e  t h i s  d i f f e r e n c e  d e v i a t e s  f rom

the  idea l ly  e x p e c t e d  va lue  (8 i~ dB [lb  log 6 0 0 0 / 80 0 3)  art

a d j u s t m e n t  can be i n c o r p o r a te -r i  in t he  a t t e n u a t i o n  spe’ctrum .

The r e s u l t in g  m o d i f i e d  a t t e n u a t i o n  s p e c t r um  is a lso  shown on

Figure  10 ( b )  and it is cons ide red  t h a t  this curve represents

the  b e s t  e s t i m a t e  of t h e  excess attenuation present in this

particular aircraft flyover noise event.

in all frequency bards , the differences were less than

the expected ~.t iB w i t h  v a l u e s  ranging b e t w e e n  3 . 2  dB (a t

~3 H z )  and 7.6 dB ( a t  1db H z ) .  flo frequency dependence was

evident in the- v a r ’ i at i c r~: fro m t h i -  e x p e c t e d  8.8  dB .

L~~ . ,~~~~~~~~~ - - -
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Figure-: z through 7 d e n c r : e - t r ’ a t e - -  qu i t e  ci ’  a r - ly  t h a t  in  a l l

01’ t t r e -  data r e - v i e - w a d, exce ss  a tt e r . u at  ion of a~ r ’e -r ’a1’t f l y over ’
noise  is a real  pheno ie - nien at  L ew ar t ” l e s  of s i r e n - a f t  o l e -v a t  i c r , .

The data , at least  in ter’m: of ties: int~-gr’a t e--u suL ,je-CtiV

noise units (FPhh) t e n u  to c o l l aj s e  t og e t h e r  r’easunably wel l
us ing the  angle of a i r c r a f t  e - l e v at i en  as a n o r ’n s l i z i n ig  r~ar’aII ~ t t - r ’ .

D i f f e r e n t  f u n c t i o n a l  trer ,ah: w e -r e  in d i c a t e d  for ’ each

aircraft type. This is not surprising, s ince  no m at t e r  what
the physical cause for excess attenuation—propagation effects

or installation effects or a combination — soun d source character-

istic: and airframe geometry ur’e a unique characteristic of any

particular aircraft . To den :urtstrate these differences the mean

curves representing the- data points for each aircraft are col-

lectively presented in Figure 11. (The data from Figure 2 have

not been interpreted for ’ each a i r c r a f t  ty p e  due to the  fac t  the
individual air’cr’al’t data: we-re- somewhat limited and excess attenu—

ations were found to be relatively small.) In developing curves

fur Figure 11 , it shouhi be- rioted that offsets have been applied

to the data of Figure 3 to normal ize  the  da ta  to the  zero ax is
at high angles of elevation .

For all three  arid four  eng ined  a i r c r a f t , e x cess  at t en ua t i o n

was appa ren t  at sirer ’ie-i ’:. e l e v a t i on :  a ng i e - - s of up to app rox ima te ly
thirty degrees. This findi ng is somewha t  con t r a ry  to the
cu r r e n t l y  used a i r c r a ft  no l . ;e  p r e d i c t i o n  m o d e l s . 6 Howe ver ,
for the  smaller one and two e n g ine d  a i r c ra f t  exc e s s  a t t e n u a t i on
at angles of above 8° t ended  to be negligible , ci fact which is

consistent with t h e  current ~ r ’ ej i c t iV e  r n ie - t h od s .

Sine- . l i e - S t  of bh m b a  n r ’ - s - n i t -d c i i i :  U l ti q i t a  set;:- , sut ,h- ct

to  t h e - - i r  own  idl e y r c r ” . icr ; , c e n t r a l ’ 1  n o n  betw . - r i  them does

involv e-- ,:,m : r’i:I-- . Ii -w - - y r  f e - n -  t h -  7 f  i n — l i: , n o i s e  m t

-~~1I -

-- - - ‘_ _ _ _
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are a v a i l a b l e  from t h r e e -  i ndepc - rcl :r it me’ss u r ’en i : rt ,  s - h z  ( and a

fu r ther - , fount L se t  f u n  ~ h ~27 w i t h  art alternate e ng in e nacelle

conf’iirar’at L:n) and e a c h  o f ’  t h e s e  s e ts  p r o v i d e  e s s e n t i a l l y  t h e
sane r e su l ts  in t er ra: o f  e x ; ~:ss a t t e n u a t i o n .  Th is Fac t  gives

some me --u s ur e  of con f  Hence to th e  cu r i e - -.: of ’ ~- i : - ir ’ e 11 , a l t h o ugh
in - 1 ’ ;~ ‘ - N  1-o1 con F rning -ls ’ a for’ r , t t ;e r ’  airc raft type s is des i r’—

able p a r t i c u l a r l y  fo r  t h e  sm a l l e r  a i r c r a f t .

The da t a  r ev i  ewed n e i t h e r  c o n f i r m  nor  deny  the - -  p r e s e n c e  of

installation effects a l t h o u g h  t he  c u r v e s  of  Figure 11 suggest a

need for different approaches to sideline noise modeling for

various ain’craft type’ .; or ’ ~-oss~ b ly  ai r c r a f t , c l a s s i f i c a t i on s .
This in itself may reflect th e  presence -- o f ’  install ation effects.

C e r t a i n l y  fo r  t h r ee  and Four ’ u n g  inC -c l  air’~’ruft , the d a t a  w o u l d

suggest that currently ri~-pl led predictive m e - the - - I: tend to

overestimate sideline r v e - J s e  lev e l s  — p a r t i c u l a rl y  at- s m a l l e r

sideline distances and of -aircra ft elevation of bet,ween four

and thrity degrees.

The ’ -ietaiiel analysis of a -set  of 727 Fly ove r data has

e-n ;tn le -d an “nxce zr- ,attenuat i_ on :p ec t r una ” to be dove-lope-I for

a 10:1 - eul-o r’ Flyove r ’ eve-’n1~. For’ :i co rw ar ’ablc  d i s t a n c e  of’
props:; l ion , L , 000 fe et  , t h e -  g r o u n d — t o — g r o u n d  p r ’e -p c t g a t  ion model  ~
al so olves attenuation;; as a Function of f’r ’e-luenc y. The measured

and nr’e- ’lia ted attenuation spectra are curar a re- h in Figure 12.

The followint: comr-ent s are’ ma d e in r e l a t i o n  to t h i s  cOr r rp -a r’ i son :

(1) The atte- ’riual icr: values i n . 1 ho  ~ r’-~ - I i c t  i v e -  pr ’~ ccdu r ’e
were de v c -io g e-f li -o r da1~s when’ . - both I a 1:-cro ft soureu

and r e c e i v ’ r  we: ”- nt gr ’ e - u r h  l e v e l .  ° i i le t h e  at - I - en—
uc:t ion ;; nay t v;: Id ur :h e - r tb ’- : - C frcri m s - t one’es they

rn~ y not ho ~o;.r 1 - 1  - - l y  an i r c— i n’iat - F r -  c -r- , r - ’ i r ’ i : o n

i~i t  h t h ’ - do ’. a hs’ i -  In  ;-ih i - r e :  h-  - i n  n F t  w i ; ~ I n  Fl I l~,h t
a r t I a ’ 800 ~~- -i . -o h  v n’ - t n t - I l v i .



( 2 )  In t h e  c u r r - e r r b  ni -~ i :~~: n - c - e d i c t  or~ r ; -y i e - J  , ( ‘ 1: ’ E - A P )  gr ’osr i —

t - o — g r - s o n - i  atteriust~ oni ruet oror or” : ~er 1~~’:I ~~~i i  f a l l  o n l y

at rj j r ’o r ’ s f ’ a c - l e - ’ ir t  I o r ~ -o n- ’le-’~ 1cc :; fJ:an- cf - -o - a t fou r’ dc~ r e - e s

an; or- p r- ’a - :ch z e n - - - s t ov e -  s e - v o n  e- c” ’e . b h u c , t h . ’  a t t e r ~—

I or,.; -cbs -rn : ~: A r ’ - 1 2 ‘J O e -  1 1  net r~ Fa 
- a he rir~t I 1°-

I h i s  co: ;e -  S ri- a -a t h e  : L i r ’ ; r ’;A f t  : le v ’ - :o ;  0 ;  e- 1

r’:ore t h a n  : ; e -ve - - -o r ’ - - - .: .

- ) the- ::- ~If’ig
’;- F- c e - -  ‘ ‘ - ic’- - , c cf l  0 1  o r a l  5 -

~~~~~ ‘et teni u st I (

i s r: r ’o- ,z i - i ~~ to  sIlo:-; for ic ’. -- na - a-r ing ‘-a r- ~cbaa’ e-s or ;  t h e

gr o un d  ne t ; ’i eon  h u e  s 0r ’ - ;e an - ;  ul s e r v er .  : T :n c e  the : fly—

over data : ‘s:r ’:- q : t ~~r’e - i  c,ver open. aerr’c~~n , t n ; s ~~- dP-

a t t e n uat i on f”~- : ao r  i -s n et  inc le - - g - -m in t h i s  ou r ; ; a r i se -n .

Further , this ~ ul- - s - o r - i  r’~ cal  and is a p ;  11 ci t c  t h e

ov e r a l l  s u b j e c t i v e -  1 0 1 5 0  u nI t (2E~~, i-F P;1- ). It is

not  :j~~fifo- e1 sle-etr ’c :ll , - - a r i d  t h u s  c:au. I  d net be: in clud e - I

in an aftenu st ~ r i  spec-t r u n s .

7lth-aun ’h both att :riu ;tt lcn c u r v e - s in 1” i gorc  17 ~hut ;  r : ;aX i IsUr ;

value :;  bet~’ -: ’:n 125 anal  3 1 5  liz , the ccr:;-s r-isun in this ins t ant - -c

is not  good , p a r t i c ul a r i ,j i n  the li ght of’ c r a n e - n t  ( 7 )  a ia -ev~-

1-lo rL  - - x t e -n s  ve cnr ’ t l ;i r ’ l s - o i s  or e- - r eq ol i’ - - .i i i  z - v : r , h - c t -re ’

any c r r ; l c  U:3 ~V ’  c ;or ; m e r i t . ;  ; -  ;~y ’.. e- -n n e  c -  - i, - - n’r n i -  t i ;  - vol ~I : , j ut

the c u r ’ r - e - - n h l y  :t r n ; l i e - 1  c — n ’ -  :~ , - ; ; o -
~~~ i o: f’ , c t o u - s .  H i : ;  :;in~ :;]ar

eva lu ’ t ’- i o n  -i ce ; ;  i n  : H a h . - ‘ - a - r ’ i a i  f or  o r e -  l i t h e  t a t e - i c - s  in

the ~; u t e - t  a c t  t~~i s s } - - - ; i s  ‘ - r c o o Ie - .- a ;: n - c :-.te n .;iv-: J e - l~~~1I - : d

r ’ e v i ’ ’ w  ,‘,r i f  t h e - -cIa 1 Q  c - s t i r ’ ; ;  C r  - i t  r o t - a : ’- n~~- e ,- - .:- . : - ’e n ’ / ,  c u r i e--nt
- n o - : :  h e -  n’ : S
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There is no doub t  that one conscluslon may be drawn from

the attenuation curve in Figure 11(b). The dramatic onset of

excess attenuation at 125 Hz is related in part to the corres-

ponding change in spectrum slope of’ the overhead flyover spectrum

at this fr~quency shown i n Fi gure  10 ( a ) .  This  c h a r a c t e r i s t i c  is a

result of the acoustic cancellation (at 100 Hz) and reinforce-

ment (at 160—200 Hz) created by the reflection of the flyover

signal from the ground surface. 1

F u r t h e r , at t he  zideline position the reflective cancella-

tion (and the resulting S P L  m i n i m u m )  o c c u r s  be tween  1400 to 500

Hz based upon the s i m p le  geo m e t r i c  r e la t i o n s h i p  between the source

and receiver. Thus in a comparison between spectra from the

two locations , the diff’ercnt source to receiver geometrics

and the resulting reflection effects can very well make a

significant contribution to the excess attenuation curve .

P~dditional analysis covering other source and receiver geo-

metric relationships would be necessary to confirm the pre-

sence of this reflection effect and its potential magnitude0

In making  these  comments , it is i n t e r e s t i n g  to no te  that

to the first approximation (excluding source directivity,

wind and thermal gradients , and ground characteristics) the

form of the acoustic interference phenomenon is a f u n c t i o n  of

source angle of’ elevation only for a given microphone height .

This fact may well contribute to the functional relationship

that is demonstrated between the excess attenuation in terms

of EPNL and the aircraft angle of elevation.

i~tmospheric turbul ence has been identified as a possible

sOurce ~f excess attenuation0
16 Unfortunately, the analysis of

aircraft f~.vover data in s u b j e c t i v e  noise  u n i t s  is too gross

‘-~~~~ --~~~~~~-
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an approach to investigate the presence of attenuation due to

turbulent scattering. rrhe detailed analysis of the 727 flyover

data however , indicates that the principal trends in excess

attenuation (as a funcion of frequency) are not consistent

with those estimated for scattering losses. Even though the

details of the atmospheric structure are not known in this

case , the general trend of scattering lon’-s’~s is one that is

constant or increases with frequency.16 The attenuation

spectrum on Figure 12 does not bear this characteristic. While

scattering losses may be present , this mechanism does not

appear in this instance to be a principal contributor to

excess attenuation.

Based upon the limited form of the data available , it

is impossible to find e-iidence that turbulent scattering

losses can result in similar excess attenuation charater—

Istics to those effects due to installation or shielding

phenomena — which in themselves have yet to be defined .

- 35-



i he - fo be-ssing n s r ’ s r r ’o r -k , :- :  n X ’ e- ::’ ;n t  ~~~ e-or ,o1u s~ ons (drawn

f r - c - r n  t n : L s  e - ; a h r : i c a l  ;‘ -: v i  e-w of’ s. r ’c;’ c f t  f l y o v e r- r: i aieJ  in c  n o i s e .

the l’lyov - :r data r’ - ‘j i’o~: e -  a e x n c b  i t  ch a r a ct e - r i s t ie : ;  of ’

e-xcess attenuation at lew an g e - e  of a i r c r a f t  e - l ev a t i o u  r - : ia t i v e

to  th ~ o b se rv er . The : r : ’ce--e of a t t en u a t i o n , ins t ’-r ’ r ’~ of s u b —

J e - - t~~V e -  f l u l 3 e- n I t s , was  f - o u r , -; to  vary co-n:l-de rabl:j ’-:ith aircraft

ty pe.

Toe- excess a t t e n u at i o n  t e rn ;  - r a n  L e  p:- -e - S er :t e-a  as a f u n c t i on

of aircraft elevatIon an g le  or,ly. A~~t :;o~~gh some - s c a t t e r  e xi s te u

in~ p ar t i c u l a r  d at a  s e t s , n o e - O i O  isa n t  t r e n , - i wa f’ uunad  b e t w e e n

excess attenuation anu suOr’e --e- to r’e-ceiver distance’ . ‘Ie-i’e: ce- a f Jax

f u n c t i on a l  r e l a t iar . sh i ps  w a r e -  r iot  in vt : st i g at e d .

Three arc -a f ou r  en gi ne  a i r o r ’a f t  a r e m o n s t r a t e d  excess  a t t e n u a —

t Ic -na  e - F~a ra c t e r i s ti c s  0: to anqies of elevation of 30°. 11hls

finding is c o n t r a r y  to  c O v e n t  r re-dictive me ’. ho Is w h e r e , f or a l l

aircraft , excess atte-n cation he -comes r ;egi ig i b le  a b ov e - an e l eva -

t ion ang le  of 7° .

For c-ne S p e C i f i C  ;cir’crat ’t , B o e i n g  7 2 7 ,  d a ta  f r o m  t i c -  c

in uepe -ouent te’ t p r’ ugr’: m s  at dl  F f ’ e v i ng  l o c at  iCre-3 der;on;r:-trate-d

s l : : i i ar  e x c e s s  a t t e n u a t i o n ,  c h a r ac t e r i s t i c s .

A 5i .j ’: ~i ( :V 5i ] SO t - n ,  O f  O f ; :  s~ e:e-i fic flvov :r’ iota set

gave efl C x : € - 5 a t t : - r ; u a t  or - ctn’us ;,t J c h  was nac~ e- :-rni: t i-nt

w1tn ~ c-ne value’s curr ent oe-’ u - e - I  f o r ’  sj : I~~J i n -  i c u i s  p r - l i c t  ion

-

-
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p urp o s e s .  The analysi :;  was l u c i t e -  I to one case , howev . :r ’ , an d

no g ’;nera lized  c o n c l u s i o n  should be drawn . Fuot iser , ev idence

was f ou n d  t h a t  the  d i f f e r i n g  a c o u s t i c  i nt e r f e r e n c e  e f f e c t s

caused by sound r ’ e fl ec ted  from the  ground su r f ace  c o n tr i b u t e d

significantly to the  r hape of the excess  a t t e n u a t i o n  s p e c t r u m .

lb p o s i t i ve  ev idence  of i rc s ta l la t i o ri  e f f e c t s  was found  in

the  s iae iine  noise da ta  r e v i e w e d .  However , t he  d i f f e r in g  excess

a t ten u a t i o n  c h a r a c t e r ist i c s  tha t  were  found  for  each aircraft

ty pe may well be , at least partially, a result of Installat ion

effects.

ThoUgh it cannot be stated categorically that atmospheric

t u r b u l e n c e  does not c o n t r i b u t e  to  t h e  e x c e s s  a t t e n u a t i o n  of

a i r c r a f t  noise , no t ang ib l e  ev idence  came to l igh t  as a r e - cu l t

of t r e i s  s t u d y  to suggest  t h a t  t u r b u l e n c e  is a si g n i f i c a n t
factor in excess a t t e n u a t i o n .  There was c e r t a i n l y  i n s u f f i c i e n t

al e-tail available in the data analyzed to suggest that attenua—

tic-ct due to turbulence could give rise to effects similar to

those that may be anticipated for shielding or installation

pzcen anne -na .

Current pred iction models for d de-line noise will te nd

to c-v ar-estimate noise levels — — most significantly for three

an-i fe-ar engine  -a i r c r a f t . Ho quantitative evaluation of these

o V e - r - ; J b i r r c a t i o f l s  has bee n  made .

A 1t h o c -~~h the  data r’avJ caSed reprc-sen ;Us a c o m p e n d i u m  of

-aval ~~ble a i r c r a f t  siat -lirie r r o i c c :  m a a s u r ” - r r i a r : t s , no d o u b t  c -x i st

In t h e -  f ac t  t ha t only  d :t a i l e - - - i -r n i a ly : i :  of f ly o v e  r information ,

in physical rather- than subj activ e- ’ rn’-asure--s , w i l l  p rov ide  any
;artd :r’standini g of old --line s-:,uri i ~- i’ ;- -~-agation r hen ;ome na. This

analysis approach La conoid r-r -d ez : ’-n t l a l  i f  j — r e - - ; h i c t i v c -  models

for exce ss  si t e -n o - a t  J o n  ( i n c l u l n i t -  I n at a l  I at  J : r ;  f f - n  t n)  a r e  - he

be t e c h n ic a l l y  - i ’ove - - lo~ - ed .
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The summary conc lus ion  of th is  s tudy Is tha t -  t he re  is a

fundamenta l  need for a review and upda te  of the  methods
current ly  used for sideline noise p red ic t ion . Whi le  a comple te
understanding of the  phys ics  of the  problem may not be developed
in the near t erm , it seems feas ib le  that , poss ibly  w i t h  add i t iona l
and more detailed review of e x ist i n g  data , an improvement  in the

empirical methods used for this  element of noise p red ic t ion  can
be achieved . In the  long terr a , however , there  is no doubt  t hat
the need wi l l  ex is t  for  an improved understanding in t h i s
tech nical  area if the n ecessary  developments are to be a c h i e v e d
in procedures  for  the  pr ed i c t i on  of a i r c r a f t  s ide l ine  nsoi~~c’ .

A
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RE COMI~EI iDA T I ONC

Pfeveral recommendations are made as a ren~ult of the findings

of t h i s  review .

Additional sources of detailed flyover data should be pursued

and broader based analyses , similar to the 727 flyover

analysis undertaken in this report , completed . Alternative

analysis approaches can be considered , however , although

emphasis must be placed upon the evaluation of the physicrl

trends in the area.

Any other aircraft dati that nay be available (in subjective

noise u n i t s)  should be co l l a t ed  w i t h  the  data  of t h i s  review .
An expansion of the data b~ oe will assist the development of

purely empirical prediction models. Smaller one and two

engine aircraft arid four or more engine aircraft , not in—

eluded in the review , should be emphasized .

It is not recommended that any changes to the current NOISE—

f iAP p rocedures  be made at the  present  t i m e . However , t he

evidence presented by this study suggests that a revised

approach to aircraft sideline noise modeling should be

investigated. The det ~ c - l a ( I  f o r m  of the  new model needs to
be deve loped  upon a broader  d at a  b ase than  p resen ted  in
this study, hm;~ ver’ c r a - v t a i r i  elements that should be con-

sidered for in clus ion . in ~he row nrc-jr- i can be recommend ed .

— - l o r r ip u t e  e x c e s s  a~ t e n t ioc f ~ ions an a f’ unc~ i o n  of aircraft

o r i g l e r  of elev actio n cni l - j . ( Int ,ai t ion  s u r n e st S  , however ,

tha t  a fort  of t r ” r s i t  l i e n  f;jnic t on w o u l d  s t i l l  be re—
qul r e d  for souree to n- -ce- i ye dis tmr n -a e ;m ; of pr’rhar less

than 1000 ia~~ t, ) .



Classify aircraft (1 and 2, and 3 or more engines for
ex-a ranle) and a pp ly the appropriate sideline noise model
in the evaluat ion of noise from air base operations.

The impact of a new sideline noise model on noise contour

pradict ions would need to he assessed in relation to pre-

sently used methods. The validity of the new model should

also be assessed by comparison with available measurement s

of air base operations. Only when the new sideline noise

model has been developed and apprai sed , can recommenda t ions
be made for  changes  to the  e x i s t i ng  NOI~ Er-~AP procedure

for  sid e l ine  noise  p r e d i c t i o n s .

Sources of a i r c r a f t  noise pr ’opagst ion data where the air-
c r a f t  is a c t u a l l y  at ground l eve l—ground  run—up or takeoff

roll — should be investigated . If th e  necessary  de ta i l  is
avai lable  in these da ta  then analyses should be u n d e r t a k e n
to de t e rmine  w h e t h e r  s im i l a r  r ropa f -:atio n models  to those for
low angle of aircr aft clevatlon s i t u a ti o n s , a re a p p r o p r i a t e .

In any experimental prop’rar;: to investigate excess atten-

uation and/or installation effects , emphas is  mus t  be
placed on a thorough arialysi: of the data. Where possibl e- ,

phased programs in which d a ta  f r om one I F , ; c~~- e  may be use d

to gu ide  the  t e s t  r ian de s i ir r i  of subsequent phases , should

be undertaken. Data analycis rriethods should objectively

investi gated for value arid fe~ sib iii ty prior to the develop—

rntent of any test p 1-~en s.
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