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SUMMARY 

Measured a i r c r a f t  f lyover  noise  spectra obta ined  under widely d i f f e r e n t  
weather condi t ions  have been ad jus ted  according to a proposed n a t i o n a l  s tandard 
recommended by Working Group S1-57 of the  American Nat iona l  Standards I n s t i t u t e  
(ANSI). The spectra and e f f e c t i v e  perceived noise  l e v e l  (EPNL) r e s u l t s  were 
s t a t i s t i c a l l y  compared wi th  the  same measured spectra ad jus ted  according to an 
a l t e r n a t e  procedure presented i n  the  Soc ie ty  of Automotive Engineers (SAE) 
Aerospace Recommended P r a c t i c e  (ARP) 866A. Addi t iona l ly ,  t he  tone co r rec t ed  
perceived noise  l e v e l  (PNLTM) one-third-octave spectra and EPNL values  were com- 
pared wi th  spectra and EPNL values  obta ined  under almost i d e a l  weather condi- 
t i o n s  ( i so thermal  p r o f i l e  and no wind) which were chosen as a reference.  This  
study also evaluated t h r e e  ways to model t he  weather condi t ions  through which 
the  sound propagated. A l l  da t a  analyzed were obtained from a l a r g e  da t a  base 
r e s u l t i n g  from a test program conducted to s tudy f lyover  noise  v a r i a b i l i t y  
for a wide range of meteoro logica l  condi t ions .  These data were generated by 
cons tan t - thrus t ,  l e v e l  f lyovers  of a turbofan engine powered a i rp l ane .  

The r e s u l t s  of the  ad jus ted  and unadjusted noise  da t a  compared with the  
re ference  measured noise  da t a  ind ica t ed  a wider spread of values  between t h e  
ad jus ted  da ta  than f o r  t he  unadjusted data. The resu l t s  obtained by using the  
proposed ANSI procedure gave values  which more c l o s e l y  represented the  r e fe r -  
ence data than d i d  resu l t s  obtained by using the  ARP 866A procedure. R e s u l t s  
obtained by using e i t h e r  t he  layered  or m e a n  of the  mean weather r ep resen ta t ion  
i n  e i t h e r  procedure also gave values  more c l o s e l y  r ep resen ta t ive  of t he  measured 
re ference  da ta  than d id  the  r e s u l t s  obtained by using the  mean 10-m weather 
measurement . 

INTRODUCTION 

A s  t he  pub l i c  becomes more aware of no ise  i n  the  environment, t he  need to 
account f o r  t he  e f f e c t  of t he  atmosphere on a i r c r a f t  sound propagation has 
become inc reas ing ly  important fo r  both a i r f rame manufacturers and community 
planners .  Procedures are needed to a d j u s t  measured noise  l e v e l s  to  those which 
would be expected to have been measured under a s tandard weather condi t ion 
because a i r c r a f t  no ise  t e s t i n g  mus t  be done a t  many c l i m a t i c a l l y  d ive r se  s i t e s .  
For a i r c r a f t  noise  c e r t i f i c a t i o n ,  a s tandard def ined by the  Federa l  Aviat ion 
Regulat ion (FAR) 36 requires noise  t e s t i n g  to be done when values  of temperature 
and r e l a t i v e  humidity f a l l  w i th in  a given range ( r e f .  1 ) .  N o i s e  da t a  acquired 
wi th in  t h i s  range of. atmospheric parameters are then ad jus ted  or corrected to 
t h e  FAR 36 standard.  

Procedures to a d j u s t  atmospheric absorp t ion  e f f e c t s  on sound propagat ion 
( r e f s .  2 to 8 )  depend on assumptions to model the  temperature and r e l a t i v e  
humidity of the  atmosphere. From t h e  many methods ava i l ab le ,  t h e  ARP 866A 
procedure (used i n  r e f .  1 )  and a procedure recommended as a n a t i o n a l  s tandard 
by t he  ANSI-S1-57 Working G r o u p  ( r e f s .  3 to  4 )  have received wide a t t e n t i o n .  

I 
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Although both procedures  have been used to some e x t e n t  to  a d j u s t  no ise  measure- 
ments from which t h e  EPNL c a l c u l a t i o n s  were made, only  t h e  ARP 865A procedure 
has  been applied to complete spectra of a i rcraf t  f lyover  noise .  

The purpose of t h i s  paper is to compare t h e s e  t w o  f lyover  noise adjustment 
procedures,  ARP 866A and t h e  recommended ANSI standard, by applying t h e  statis-  
t i ca l  a n a l y s i s  of var iance  (ANOVA) technique. The atmospheric absorption cal- 
cu la t ion  method of  each procedure was used to a d j u s t  f lyover  noise  spectra 
obta ined  under t h r e e  widely d i f f e r e n t  weather cond i t ions  to a chosen measured 
re ference  weather condi t ion .  Each cond i t ion  was represented  i n  t h r e e  d i f f e r e n t  
ways. These ad jus ted  noise data and associated EPNL values  were s t a t i s t i c a l l y  
compared with each o the r  and wi th  unadjusted measured noise data obtained a t  
t h e  t i m e  of t h e  re ference  weather condi t ion.  Numerical l e v e l s  of  confidence ar 
associated with t h e  r e s u l t s  obtained by using the  ANOVA technique. 
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SYMBOLS 

r e fe rence  weather cond i t ion  

nonreference weather condi t ion ;  thermal inve r s ion  to  a i rcraf t  f l i g h t  
a l t i t u d e  

nonreference weather condi t ion ;  s t rong  low-level thermal inve r s ion  

nonreference weather condi t ion ;  ho t  and dry,  ou t s ide  FAR 36 
recommendation 

q u a n t i t y  under s tudy i n  F -d i s t r ibu t ion  

frequency, H z  

s ta t i s t ica l  hypothesis  of e q u a l i t y  of means 

t i m e ,  sec 

type I error probability a t  5-percent l e v e l  o f  s ign i f i cance  

popula t ion  mean value 

sample s tandard  dev ia t ion  

S ubscr i p  ts : 

0 unadjusted f o r  weather 

1 ARP 866A weather adjustment ob ta ined  by us ing  layered  meteorology 

2 ARP 866A weather adjustment ob ta ined  by using mean 10-m meteorology 

3 ARP 866A weather adjustment ob ta ined  by us ing  mean o f  10-m and a i r -  
c r a f t  a l t i t u d e  meteorology 

2 
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4 proposed ANSI-S1-57 weather adjustment obtained by using layered  
meteorology 

5 proposed ANSI-S1-57 weather adjustment obtained by using mean 1 O-m 
meteorology 

6 proposed ANSI-S1-57 weather adjustment obtained by using mean of 1 O-m 
and a i r c r a f t - a l t i t u d e  meteorology 

V1 numerator degrees of freedom 

v2 denominator degrees of freedom 

Abbreviations:  

AGL 

ANOVA 

ANSI 

ARP 866A 

EPNL 

FAA 

FAR 

PNLT 

PNLTM 

SAE 

SPL 

above ground l e v e l  

a n a l y s i s  of var iance  

American Nat iona l  Standards I n s t i t u t e  

aerospace recommend p r a c t i c e  866A 

e f f e c t i v e  perceived noise  l e v e l ,  dB 

Federal Aviat ion Adminis t ra t ion 

Federal Aviat ion Regulat ion 

tone corrected perceive& noise  l e v e l ,  dB 

maximum tone corrected perceived noise  l e v e l ,  dB 

Soc ie ty  of Automotive Engineers 

sound pressure l e v e l  

A bar (-) over a symbol i n d i c a t e s  mean value.  

TEST AIRCRAFT 

The data presented  i n  t h i s  paper came from a test program which involved 
flying a turbofan engine powered a i r p l a n e  over microphones a t  Fresno, C a l i f o r n i a  
md Yuma, Arizona. This  j e t  t r anspor t  w a s  flown i n  l e v e l  f l i g h t  a t  cons t an t  
:hrust  a t  a mean a l t i t u d e  of  346 m. The noise  data, weather data, aircraft  
) o s i t i o n ,  and ope ra t ing  cond i t ions  were cont inuously recorded during t h e  air- 
: r a f t  f lyover  ( r e f .  9 ) .  

3 



AIRCRAFT POSITIONING 

Cameras and o p t i c a l  techniques were u t i l i z e d  to determine t h e  a l t i t u d e ,  
speed, and t i m e  of the  a i r c ra f t  over each measurement s t a t i o n .  A s  t he  a i r c r a f t  
passed overhead of each measurement s t a t i o n ,  t h e  s h u t t e r  of a camera w a s  manu- 
a l l y  r e l eased  and s imultaneously a s i g n a l  w a s  recorded on the  acoustic d a t a  tape  
When the  d i s t a n c e  between t h e  cameras, t h e  t i m e  between s h u t t e r  release s i g n a l s  
on the  tape, the  a i r c r a f t  wing span, and the  camera focal length  were known, 
the  ground speed and a l t i t u d e  of t h e  a i r c r a f t  were computed. The s h u t t e r  releas 
s i g n a l  also provided an i n d i c a t i o n  of  the  overhead passage t i m e  of t he  t e s t  
a i r c r a f t .  

ATMOSPHERIC MEASUREMENTS 

The genera l  test  arrangement is shown schemat ica l ly  i n  f i g u r e  1. Two 
weather measurement systems were used to o b t a i n  temperature,  humidity, wind 
speed, and wind d i r e c t i o n  da ta .  One system developed by t h e  FAA was 
i n s t a l l e d  i n  a s m a l l  gene ra l  a v a i t i o n  a i r c r a f t  and measured temperature and 
dew p o i n t  as t h i s  a i r c r a f t  f lew from t h e  ground su r face  to  an a l t i t u d e  of 
900 m before  and a f t e r  each noise  test series (nominally every 30 min) . The 
other  weather system measured wind d i r e c t i o n  and speed, temperature,  and humid- 
i t y  a t  1 0  m AGL. 

ACOUSTIC MEASUREMENTS 

A c o u s t i c  measurements were made with microphones placed a t  t w o  locat ion:  
( fo r  redundancy) a long the  ground track. A t  each loca t ion ,  a microphone was 
placed over concre te  on a 1.2-m s tand  and o r i en ted  fo r  grazing incidence.  E: 
microphone s i g n a l  w a s  recorded on a frequency modulation tape recorder  which 
e s s e n t i a l l y  f l a t  response from 20 Hz to  10  kHz ( r e f .  1 0 ) .  

METEOROLOGICAL DATA 
.. . ~. 

SELECTION 

The primary requirement for s e l e c t i n g  weather da t a  w a s  to  have good acoc 
t i c  data .  The r e fe rence  weather condi t ion  requi red  no wind and an isothermal 
(or near ly  so) p r o f i l e  up to  the  test  a i r c r a f t  o v e r f l i g h t  a l t i t u d e .  Mean val 
of t he  temperature and r e l a t i v e  humidity had to  be w e l l  wi th in  the  ranges spe 
f i e d  i n  FAR 36. Three nonreference weather cond i t ions  were chosen f o r  compar 
t i v e  purposes. The requirements  for these  cond i t ions  were t h a t  they have 
nonisothermal p r o f i l e s  with s t rong  inve r s ions  between the  test a i r c r a f t  and t 
ground. Also, mean va lues  of the temperatures and r e l a t ive  humidi t ies  were 
requi red  to  l i e  ou t s ide  and a t  t he  extremes of t h e  FAR 36 ranges. These requ 
ments permit ted a comparison of a wide range of weather condi t ions  used i n  t h  
tvm noise  adjustment procedures.  

4 



REDUCTION 

es for both the  temperature and r e l a t i v e  humidity and w a s  called the  mean 10-m 
i r c r a f t - a l t i t u d e  model or mean of the  mean. This  model w a s  ob ta ined  f o r  each 
eather condi t ion  by c a l c u l a t i n g  the  mean value of the  mean values  of the  t e m -  
e r a t u r e  and r e l a t i v e  humidity measured a t  1 0  m AGL and a t  t h e  o v e r f l i g h t  
lti tude. 

F igure  5 p r e s e n t s  t h e  FAR 36 (ref. 1 )  ranges for temperature and rela- 
.ve humidity as a window with t h e  FAR 36 s tandard  p o i n t  and t h e  mean va lues  
I temperature and relative humidity obta ined  a t  1 0  m AGL for t h e  weather con- 
. t i ons  A, B, C, and D used i n  t h i s  paper. Figure 5 also shows the wide 
pread i n  weather cond i t ions  used i n  t h e  t w o  no ise  adjustment procedures of 

The four  weather cond i t ions  were represented  i n  t h r e e  ways. The f i r s t  
r ep resen ta t ion  w a s  called t h e  layered  data. Tempera ture  and r e l a t i v e  humidity 
data measured by t h e  weather aircraft  were plotted as a func t ion  of  t i m e  up to 
t h e  test  a i rcraf t  o v e r f l i g h t  a l t i t u d e .  From these  data, v e r t i c a l  p r o f i l e s  f o r  
each weather condi t ion  were determined f o r  each no i se  test  f l i g h t .  Because 
t h e r e  were f o u r  or f i v e  no i se  f l i g h t s  for both t h e  r e fe rence  and nonreference 
condi t ions  , t he  mean-value p r o f i l e s  (with t h e  associated standard dev ia t ions )  
were ca l cu la t ed .  For computat ional  purposes these  profiles were divided i n t o  
l a y e r s  of 30.5-m increments. 

F igures  2 to 4 presen t  t hese  layered  data. For i d e n t i f i c a t i o n  purposes the  
re ference  cond i t ion  A is represented  by a so l id - l ine  curve. The nonreference 
cond i t ions  B, C, and D are represented  by t h e  dashed-line curves.  Bars on 
t h e  Pines r ep resen t  the  s tandard  devia t ions .  The s tandard  dev ia t ion  for t h e  
r e fe rence  is not  represented  because it is so s m a l l .  

F igure  2 p r e s e n t s  a comparison of the re ference  cond i t ion  A w i t h  t h e  
lionreference condi t ion  B. Condition A is seen to be very  nea r ly  cons tan t  up 
Lo the test a i r c ra f t  f lyover  a l t i t u d e .  Condi t ion B r ep resen t s  a s teady  ther -  
n a l  invers ion  up to  the  f lyover  a l t i t u d e .  

F igure  3 compares the  re ference  cond i t ion  A with  t h e  layered  model for 
reather condi t ion  C, which is chosen for a n a l y s i s  because o f  t he  s t rong  thermal  
nversion to 30.5 m and then t h e  isothermal behavior beyond 30.5 m. Weather con- 

i i t i o n  C is considered to be a good r ep resen ta t ion  of a hot  and d r y  condi t ion  
-bove the  invers ion  and is similar to t h a t  of f i g u r e  4.  Figure  4 compares t h e  
e ference  weather cond i t ion  A to weather condi t ion  D, which is chosen to 
epresent  a hot,  dry environment t h a t  is very nea r ly  isothermal.  

The second method to rep resen t  the  four weather condi t ions  w a s  to  use  s in-  
l e  values  for both t h e  temperature and r e l a t i v e  humidity and w a s  called t h e  
ean 10-m model. This  model w a s  obtained by cont inuously recording the  tempera- 
ure  and r e l a t i v e  humidity a t  10  m AGL and then by c a l c u l a t i n g  the  mean va lues  
ssociated with each weather condi t ion .  

5 



ACOUSTIC DATA 

SELECTION 

No unusual s e l e c t i o n  process w a s  applied to t h e  a c o u s t i c  data. D a t a  stud- 
i e d  m e t  t h e  s tandards  r equ i r ed  f o r  research; for example, no ex t raneous  back- 
ground no i se ,  a high signal-to-noise ratio, and good c a l i b r a t i o n  l e v e l s .  

REDUCTION 

A schematic r e p r e s e n t a t i o n  of t h e  data r educ t ion  is presented  i n  f i g u r e  6. 
F ive  noise  f l i g h t s  were reduced f o r  t h e  r e fe rence  weather cond i t ion  A and for 
weather cond i t ions  B and D. Four no i se  f l i g h t s  were reduced for weather con- 
d i t i o n  C. 
no i se  o v e r f l i g h t  were obta ined  along wi th  one-third-octave band spectra every  
1 /2  second ( b l o c k  0). 
microphone response,  wind screen ,  barometr ic  p re s su re ,  f r e e - f i e l d  response, 
and recording system response ( b l o c k  0) (ref.  1 0 ) .  Time h i s t o r i e s  o f  t h e  
PNLT data ( b l o c k  @ )  were computed and t h e  maximum value  (PNLTM) o f  each t i m e  
h i s t o r y  w a s  ob ta ined .  Each PNLTM spectrum ( b l o c k  0) for t h e  noise  f l i g h t s  
was then ad jus t ed  by using d i f f e r e n t  weather cond i t ions  ( S l o c k  8) represented  
as i n  b l o c k  @ of  f i g u r e  6. 
(ref. 2)  and proposed ANSI s tandard  ( r e f s .  3 and 4 )  ( b l o c k  @ )  and t h e  EPNL 
values  were ca l cu la t ed .  Thus t h e r e  were four  or f i v e  sets of unadjusted and 
ad jus t ed  PNLTM one-third-octave spectra wi th  t h e  associated EPNL va lues  f o r  t he  
weather condi t ions .  From these  da ta ,  t h e  mean-value PNLTM spectra and EPNL v a l  
ues were c a l c u l a t e d  @ .  The mean-value PNLTM spectrum and EPNL measured under 
t h e  re ference  weather cond i t ion  A are called t h e  re ference  a c o u s t i c  data. 
Mean-value PNLTM spectra and EPNL va lues  computed for weather cond i t ions  B, C, 
and D are called nonreference data. An example PNLTM t i m e  h i s t o r y ,  typical. 
of those s tud ied ,  is presented  i n  f i g u r e  7 along wi th  t h e  associated PNLTM 
one-third-octave band spectrum. 

Refer to  f i g u r e  6 and note t h a t  t i m e  h i s t o r i e s  (block 0) of each 

The data were then corrected f o r  s p h e r i c a l  spreading ,  

According to t h e  t w o  procedures,  AFtP 866A 

Since  t h e r e  were t h r e e  ways ( l aye red ,  mean 1 0  m AGL, and mean of mean) to  
r ep resen t  t he  many weather condi t ions ,  it was u s e f u l  to devise  a ma t r ix  to  faci  
i t a te  t h e  a n a l y s i s .  This ma t r ix  is presented  i n  table I. Alphanumeric charac- 
ters are ass igned  to t h e  var ious  weather condi t ions .  Thus B3 implies t h e  
mean-value s p e c t r u m  f o r  f i v e  PNLTM spectra fo r  weather cond i t ion  B, ad jus t ed  
according to AFtP 866A by us ing  t h e  mean of t h e  mean of t h e  10-m and aircraft-  
a l t i t u d e  weather measurements. 

I n  t h e  de te rmina t ion  of t h e  PNLTM one-third-octave spectra obta ined  by 
using the  l aye red  meteorology, r e f r a c t i o n  e f f e c t s  due to t h e  temperature and 

noted i n  r e fe rence  8 .  For a l l  PNLTM s p e c t r a ,  t h e  atmospheric absorp t ion  coeff' 
wind-speed g r a d i e n t s  were determined and were observed to  be n e g l i g i b l e ,  as 

c i e n t  included t h e  turbulence  s c a t t e r i n g  e f f e c t  accounted f o r  by t h e  empirical 
r e l a t i o n s h i p  developed i n  r e fe rence  6. I n  order to use the  procedure of r e f e r  
ence 3, a bandwidth c o r r e c t i o n  procedure was developed and implemented. The 
approach taken  was to express t h e  bandwidth c o r r e c t i o n  i n  terms of t h e  ra t io  o i 
6 



t h e  absorp t ion  ad jus ted  power t ransmi t ted  through t h e  band to t h e  absorp t ion  
ad jus ted  power computed a t  t h e  band center  frequency. Depending on t h e  test 
s i t u a t i o n ,  o the r  methods may be desired ( r e f .  11) .  

respec t ive ly .  I n  these  f i g u r e s ,  t h e  BO, Co,  and Do spectra have not  been 
weather ad jus ted  according to either t h e  ARP 866A or proposed ANSI standard.  
The ver t ica l  bars r e p r e s e n t  t h e  +1 s tandard d e v i a t i o n  o f  t h e  re ference  spectrum 
l e v e l s  about t h e  mean value.  Similar  magnitudes of t h e  s tandard d e v i a t i o n s  
were noted i n  t h e  t h r e e  nonrefereqce mean-value spectra b u t  have been omitted 
from f i g u r e s  8 to  10  f o r  t h e  purpose o f  c l a r i t y .  The d a t a  presented  i n  t h e s e  
f i g u r e s  ind ica ted  t h a t  t h e  mean va lues  o f  t he  re ference  spectrum A and non- 
re ference  spectra BO, C O ,  and DO agree to  wi th in  1 dB i n  14 o u t  of 21 one- 
t h i r d  bands shown €or t he  data taken during weather condi t ion  B ( f i g .  8 ) ,  
B o u t  of 21 for weather condi t ion  C ( f i g .  9), and 15 o u t  o f  21 f o r  weather 
zondi t ion D ( f i g .  10 ) .  The a p p l i c a t i o n  of t h e  t w o  adjustment procedures to  
khe nonreference data w a s  expected to  improve t h i s  agreement. 

ANALYSES AND RESULTS 
. .-  

Two forms of data ana lyses  were used to s tudy t h e  comparisons of t h e  t w o  
adjustment procedures. The f i r s t  a n a l y s i s  form, t h e  a r i t h m e t i c  technique, con- 
s i s t e d  of determining t h e  a r i t h m e t i c  d i f f e r e n c e s  between t h e  mean-value r e f e r -  
ence PNLTM spectrum l e v e l s  and t h e  mean-value nonref erence unadjusted and 
a d j u s t e d  PNLTM spectrum l e v e l s .  
s t a t i s t i c a l  a n a l y s i s ,  t h e  ANOVA technique, to  compare t h e  mean EPNL values  o f  
t h e  re ference  and nonreference unadjusted and ad jus ted  spectra. Table I f a c i l -  
i t a tes  t h e  fol lowing d iscuss ion .  

The second a n a l y s i s  form c o n s i s t e d  of using 

There were t h r e e  sets o f  ad jus ted  data,  one for each weather condi t ion  
- ep resen ta t ion .  The f i r s t  set o f  r e s u l t s  d i scussed  are those  obtained by using 
:he ARP 866A (ref. 2) and t h e  proposed ANSI-S1-57 ( r e f .  3)  adjustment procedures 
.n conjunct ion with t h e  layered  meteorology data .  Example r e s u l t s  B1 and B4 
'or weather condi t ion  B are presented  and compared to  t h e  mean re ference  noise  
pectrum A i n  f i g u r e  11. R e c a l l  t h a t  condi t ion  B is i d e n t i f i q d  as  a thermal 
nvers ion  through which t h e  sound propagated from t h e  a i r c r a f t  a l t i t u d e  to  t h e  
r ound. 

Figure 11 i n d i c a t e s  t h a t  t h e  ad jus ted  spectra B1 and B4 are equiva len t  
n shape and are a l i t t l e  higher  i n  level  than t h e  r e f e r e n c e  spectrum below 
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200 Hz. Above 200 Hz t h e  ad jus ted  spectrum l e v e l s  are s l i g h t l y  lower than 
t h e  re ference  spectrum. For both t h e  ad jus ted  spectra, 1 1  o u t  of t h e  21 one- 
third-octave bands analyzed had a r i t h m e t i c  d i f f e r e n c e s  wi th in  1 dB o f  those 
of t h e  reference spectrum. This  is i n  c o n t r a s t  to t h e  arithmetic d i f f e r e n c e s  
i n  14 o u t  of 21 bands of t h e  unadjusted spectrum Bo of f i g u r e  8 being wi th in  
1 dB of t h e  r e f e r e n c e  spectrum bands. 

t h e  mean-value spectra of t h e  ARP 866A and ANSI adjustments  appl ied  to t h e  noise  
spectra for weather condi t ion  B. This  f i g u r e  shows spectra B2 and B5 to  
be e s s e n t i a l l y  e q u i v a l e n t ,  being i d e n t i c a l  a t  and below 2500 Hz and less than 
1 / 2  dB apart above 2500 Hz. These spectra are g e n e r a l l y  s l i g h t l y  below t h e  r e f  
erence s p e c t r u m  values .  Both t h e  ANSI and ARP 866A spectra had 10 o u t  of 21 on 
third-octave bands wi th in  1 dB of t h e  r e f e r e n c e  spectrum. This  c o n t r a s t s  with 
14 o u t  of 21 bands fo r  t h e  unadjusted spectrum Bo which was shown i n  f i g u r e  8 

I n  a similar manner t h e  spectrum l e v e l s  of Cl, C4, Dl, and D4 were 
studied.  The spectrum shapes were similar to  those  of f i g u r e  11. The r e s u l t s  
of t h e  s tudy i n d i c a t e d  t h a t  t h e  C1 spectrum had 9 and t h e  C4 spectrum had 
10 o u t  of 21 one-third-octave band l e v e l s  which were wi th in  1 dB o f  t h e  refer- 
ence. This is i n  c o n t r a s t  to  8 o u t  of 21 band l e v e l s  being wi th in  1 dB f o r  t h e  
unadjusted Co d a t a  ( f i g .  9) which are compared to t h e  reference.  The D1 
and D4 spectra had 8 o u t  of 21 band l e v e l s  wi th in  1 dB of the  re ference  spec- 
t r u m ,  whereas t h e  unadjusted Do spectrum o f  f i g u r e  1 0  had 15 band l e v e l s  
w i t h i n  1 dB o f  r e f e r e n c e  spectrum A. 

The s tudy of t h e  ad jus ted  spectrum l e v e l s  C2, C5, D2, and D5 of  
weather condi t ions  C and D ind ica ted  t h a t  they have shapes similar to  f i g -  
u r e  12. The r e s u l t s  of s u b t r a c t i n g  each a d j u s t e d  spectrum l e v e l  from t h e  refer 
ence A l e v e l  showed t h a t  fo r  each o f  t h e  C d a t a ,  6 o u t  of 21 band l e v e l s  
were wi th in  1 dB of t h e  reference.  These are i n  c o n t r a s t  to  t h e  unadjusted Co 
d a t a  of f i g u r e  9 where 8 o u t  o f  21 band l e v e l s  were wi th in  7 dB of t h e  refer- 
ence A spectrum. The D2 spectrum had e i g h t  and t h e  D5 spectrum had n ine  
one-third-octave band l e v e l s  wi th in  1 dB o f  t h e  re ference  A spectrum. This  i 
i n  c o n t r a s t  to t h e  unadjusted Do spectrum of f i g u r e  10 where 15 o u t  of 21 ban 
l e v e l s  were w i t h i n  1 dB o f  t h e  reference.  

Mean 10-m Meteorology 

The t h i r d  set  of r e s u l t s  s tud ied  were those obtained by using t h e  methods 
of r e f e r e n c e s  2 and 3 and t h e  weather r e p r e s e n t a t i o n  r e s u l t i n g  from an a r i t h -  
metic average o f  t h e  mean va lues  of t h e  temperature and r e l a t i v e  humidity mea- 
sured a t  10 m and a t  t h e  a i r c ra f t  f l i g h t  a l t i t u d e .  Example results of applying 
t h e  adjustment procedures with t h i s  weather r e p r e s e n t a t i o n  to t h e  nonreference 1 

Mean of Mean 10-m and Aircraf t -Al t i tude  Meteorology 
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noise  data are presented i n  f i g u r e  13  which s h o w s  t he  ARP 866A (B3) and ANSI 
(Bg) s p e c t r a  f o r  weather condi t ion  B compared with re ference  A. Observe t h a t  
t he  B3 and Bg spectra are equiva len t .  A t  50 Hz these  spectra f a l l  a b o u t 1  dB 
below the  re ference  value. Above 50 Hz to 400 Hz the  ad jus ted  spectra are about 
1 to 2 dB above the  re ference  values .  From 400 Hz to 500 Hz they tend to f a l l  
about 1 dB below t h e  re ference  values.  From 400 Hz to 500 Hz they tend to f a l l  
about 1 dB below t h e  re ference ,  with the  except ion of 2000 Hz where t h e r e  is 
about a 4-dB drop below t h e  re ference  value. These ad jus ted  mean-value spectra 
are observed to have 11 o u t  of 21 one-third-octave band l e v e l s  wi th in  1 dB of 
t h e  re ference  l e v e l .  This  compares wi th  1 4  o u t  of 21 bands f o r  t h e  unadjusted 
spectra Bo of  f i g u r e  8. 

A s  i n  t he  previous da t a ,  a s tudy  ind ica t ed  t h a t  t h e  ad jus ted  C3r C6r D3, 
and Dg spectra had a shape similar to the  B3 and Bg data. Similar  a r i t h -  
metic d i f f e rences  were also ca l cu la t ed .  Both t h e  C3 and (26 spectra had 8 
o u t  of 21 one-third-octave band l e v e l s  which were wi th in  1 dB of the  r e fe r -  
ence A data. These da t a  equaled the  Co da ta  of f i g u r e  9 where 8 o u t  of 21 
band l e v e l s  were wi th in  1 dB of  t he  reference.  Both D3 and Dg spectra had 
7 o u t  of 21 band l e v e l s  w i th in  1 dB of t he  reference.  These data are i n  con- 
t ras t  to 15 o u t  of 21 band l e v e l s  fo r  the  unadjusted DO s p e c t r u m  which were 
wi th in  1 dB of t he  re ference  l e v e l s  of f i g u r e  10.  

Table I1 w a s  cons t ruc ted  to summarize the  resu l t s  of the  previous discus-  
sion. This table shows the  number of one-third-octave band l e v e l s  of t he  unad- 
j u s t e d  mean spectra BO, CO, and DO ( f i g s .  7, 8,  and 9)  and of t he  ad jus ted  
mean spectra (B1 to Bg, C1 to C6, and D1 to Dg)  which were wi th in  1 dB 
of t he  mean re ference  A spec t rum l e v e l s  over the  frequency range of 50 Hz 
to 5000 Hz. N o t e  t h a t  f o r  t h e  ma jo r i ty  of t he  combinations of adjustment pro- 
cedures and weather r ep resen ta t ions ,  t h a t  is, 1 4  o u t  of 18 combinations, t he  
adjustments d i d  not appear to br ing  the  spectra any closer to the  re ference  spec- 
t r u m  than the  a l ready  e x i s t i n g  measured unadjusted PNLTM spec t r a .  I n  order to 
s tudy these  resu l t s  f u r t h e r ,  a s ta t i s t ica l  ana lys i s  w a s  made of t he  unadjusted 
and ad jus ted  EPNL values  of t he  PNLTM spectra represented  by table 11. 

STAT1 STICAL TECHNIQUE 

A s  mentioned previous ly ,  no ise  c e r t i f i c a t i o n  of commercial a i r c r a f t  
r e q u i r e s  EPNL values  to m e e t  FAA c e r t i f i c a t i o n  cr i ter ia  ( r e f .  1 ) .  Thus it 
mas of i n t e r e s t  to analyze the  EPNL values  r e s u l t i n g  from the  PNLTM spectra. 
:ecause of t he  l a r g e  ma t r ix  of unadjusted and ad jus ted  values  obtained f o r  d i f -  
: ren t  weather condi t ions  and r ep resen ta t ions ,  t h e  a n a l y s i s  of var iance (ANOVA) 
iechnique of s t a t i s t i c a l  a n a l y s i s  ( r e f s .  1 2  and 13) w a s  employed. This  a n a l y s i s  
I S  classical and p e r m i t s  two r e s u l t s .  One r e s u l t  is the  determinat ion of t he  
-anges on t he  means and s tandard  dev ia t ions  of t h e  da t a  so as to estimate t h e  
- e l i a b i l i t y  of t he  conclusions and range estimates. The o the r  resu l t  is the  
e s t i n g  of d i f f e r e n c e s  among t h e  mean values  of t w o  or more da ta  populat ions.  

The ANOW4 p e r m i t s  t he  hypothesis  to be made t h a t  t he  mean va lues  of t he  con- 
;itions examined do not  d i f f e r  s i g n i f i c a n t l y  from those  d i f f e r e n c e s  which may be 
Iue only  to the  randomness of  t he  data. For these  ana lyses  the  l e v e l  of s i g n i f i -  
Zance chosen w a s  5 percent .  I f  t h e r e  are no r e j e c t i o n s ,  or s i g n i f i c a n t  d i f f e r -  
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ences,  then it may be assumed t h a t  any observed d i f f e r e n c e s  between t h e  means 
are due s o l e l y  to t h e  random error of t h e  experiment. The p r o b a b i l i t y  t h a t  t h i s  
assumption is no t  t r u e  is less than 5 percent .  If a rejection of the  hypoth- 
esis Occurred, t h a t  is, a s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  among t h e  means, t h e  
method of Sheff; w a s  used to determine which means d i f f e r e d  i n  the  hypothesis  
(ref. 1 4 ) .  In  a l l  these  ana lyses  small sample s i z e  concepts  (ref. 1 2 )  were used 
because t h e r e  were four  or f i v e  data runs per weather condi t ion.  

ARP 866A adjustment  procedure came closer to  t h e  re ference  mean va lue  than 
the  o t h e r ' s  coun te rpa r t  is presented i n  t a b l e  V. T h i s  t ab le  shows t h a t  for the  
weather condi t ion  B, ANSI-S1-57 w a s  closer than AFW 866A to  i n  one o u t  of 
three a p p l i c a t i o n s  and, for the  weather cond i t ion  D, ANSI-S1-57 w a s  closer that 
ARP 866A i n  three o u t  of th ree  app l i ca t ions .  T h i s  table  also i n d i c a t e s  t h a t ,  
when the  weather cond i t ions  B, C, and D were adjus ted  with t h e  ANSI-S1-57 
and ARP 866A procedures,  t he  ANSI-S1-57 method gene ra l ly  gave mean va lues  which 
were less than t h e  values  from the ARP 866A method, r ega rd le s s  of overadjus t ing  
or underadjust ing.  The d i f f e r e n c e s  between each method are small, being on the  
order of 0.2 dB. 

Table I11 p r e s e n t s  t h e  EPNL data of t h e  o v e r f l i g h t s  and r e s u l t s  of  t h e  reli- 
a b i l i t y  a n a l y s i s .  The computed ad jus t ed  and unadjusted EPNL values  f o r  t he  vari- 
ous data f l i g h t s  associated wi th  t h e  weather cond i t ions  A, B, C, and D are 
presented.  The magnitude range on t h e  data, mean value,  s tandard  dev ia t ion  
and 95-percent confidence i n t e r n a l  of t h e  mean and s tandard  dev ia t ion  are also 
presented.  

A study of the  t a b l e  i n d i c a t e s  t h a t  for the  unadjusted and adjusted data 
of weather condi t ions  B, C, and D and for  the  re ference  da ta  A, t he  data 
magnitude range is less than or e q u a l  to  2 dB  with 87 percent  of t h e  data i n  the  
range of 0.9 dB to 1.4 dB. The s tandard dev ia t ion  was always less than or equal  
to 0 . 8  dB w i t h  87 percent  of the data i n  the  range of 0.4 dB to  0.6  dB. The 
95-percent confidence i n t e r v a l s  for  t he  means and s tandard dev ia t ions  were com- 
puted to provide a way of s t a t i n g  how close t h e  sample mean and the  s tandard  
dev ia t ion  are l i k e l y  to be to t h e  t r u e  popula t ion  value. 

The mean va lues  of t he  unadjusted and ad jus t ed  EPNL data of table I11 were 
a r i t h m e t i c a l l y  compared with t h e  mean va lue  of t h e  r e fe rence  data. Table Iv 
p resen t s  t hese  c o n t r a s t s .  The r e s u l t s  of s u b t r a c t i n g  the  EPNL mean va lue  of t he  
r e fe rence  cond i t ion  from - t he  unadjusted EPNL mean values  f o r  t he  d i f f e r e n t  - 
weather cond i t ions  BO, Co,  and 60 and from t h e  adjusted EPNL mean va lues  ~1 
to I i6 ,  El to e 6 ,  and 51 to 6 6  are given. N o t e  t h a t  wherever a positive 
s i g n  appears by a va lue  i n  table I V  under an adjustment procedure column, t h e  
procedure tended to ove rad jus t  t he  data by t h a t  value.  Conversely, whenever a 
negat ive s i g n  appears, the  impl ica t ion  is t h a t  t h e  weather condi t ion  was under- 
ad jus ted  by t h a t  value.  Table I V  shows t h a t  for the  weather condi t ions  B 
and C the d a t a  were underadjusted by both ARP 866A and ANSI-S1-57 procedures  
and for the  weather condi t ion  D both methodologies overadjus ted  t h e  va lues  as 
compared with t h e  re ference .  The unadjusted mean EPNL va lues  f o r  t he  d i f f e r e n t  
weather cond i t ions  were g e n e r a l l y  closer to t h e  re ference  mean value than t h e  
ad jus ted  values .  
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The r e s u l t s  of t he  ANOVA tests, a t  the  95-percent confidence l e v e l ,  are 
presented i n  t a b l e s  V I  and V I I .  The hypothesis  proposed is t h a t  t he  mean 
value of each d a t a  set is equiva len t  

t i o n  w a s  made to accept or reject the  hypothesis.  Thus, i n  t a b l e  V I ,  i f  the  
value i n  the  column 
Fv1 I v2 d i s t r i b u t i o n ,  t he  hypothesis  was accepted. I f  t he  Fvl ,V2 computed 
value w a s  g r e a t e r  than t h e  d i s t r i b u t i o n  va lue ,  t he  hypothesis  w a s  
r e j e c t e d  and secondary hypotheses were made wi th in  the  i n i t i a l  hypothesis  
group. These secondary hypotheses were t e s t e d  again by ob ta in ing  a s i n g l e  
number, c a l l e d  the  c o n t r a s t  value,  and compared to a value obtained by u t i l i z -  
ing Sche f fe ' s  technique ( r e f .  1 4 ) .  I f  t he  c o n t r a s t  value w a s  less than the  
Schef fe  value,  t he  secondary hypotheses were accepted, and i f  no t ,  were 
re j ec t ed .  Also presented i n  t a b l e  V I  are the  degrees of freedom assoc ia t ed  
with the  tests. 

: PA = ho = ko = bo). A determina- Po 
Fvl ,V2 computed is less than the  value i n  the  column 

Fvl ,V2 

Table V I  p re sen t s  an example hypothesis  l i k e  t h a t  formed f o r  each of t he  
procedures and cond i t ions  analyzed. This t a b l e  i n d i c a t e s  t h a t  t he  i n i t i a l  
hypothesis ,  which is t h a t  t he  means of t he  re ference  condi t ion  A and the  
unadjusted nonreference condi t ions  BO, Co, and D o  are equal ,  is rejected. 
This r e j e c t i o n  is determined to be the  r e s u l t  of a s i g n i f i c a n t  d i f f e rence  
between the  re ference  mean EPNL and the  nonreference weather condi t ion  C mean 
EPNL. This r e s u l t  may be due to the  f a c t  t h a t  t he  atmospheric condi t ions  of C 
e x h i b i t  a very s t rong  ground based inversion.  The r e s u l t  is also suggest ive 
t h a t  an adjustment may be requi red  f o r  t h i s  type of weather condi t ion.  

Table V I 1  p re sen t s  t he  r e s u l t s  of t he  ANOVA technique as appl ied  to a l l  com- 
Idnat ions of procedures and weather condi t ions  and r ep resen ta t ions .  This  table 
ind ica t e s  t h a t  t he  proposed ANSI-S1-57 methodology gave only  one s i g n i f i c a n t  d i f -  
-erence ( C 5 )  o u t  of nine p o s s i b i l i t i C s  as con t r a s t ed  to  the  mean re ference  value. 
h e  ARP 866A procedure produced f i v e  d i f f e rences  (B2, C2,  D 1 ,  D 2 ,  and D3) 
> u t  of nine possibilities. The mean 10-m weather r ep resen ta t ion  seemed always 
o produce a s i g n i f i c a n t  d i f f e r e n c e  when the  ARP 866A procedure w a s  used and 
; i d  so once when t h e  ANSI-S1-57 procedure was used. N o t e  t h a t  t he  ARP 866A 
cocedure  always produced a s i g n i f i c a n t  d i f f e rence  when applied to the  nonref- 
rence weather condi t ion  D. N o t e  also t h a t  t he re  were four  s i g n i f i c a n t  d i f f e r -  
nces o u t  of s i x  possibilities when the  mean values  of t he  temperature and rela- 
i v e  humidity were used i n  the  two procedures. 

CONCLUDING REMARKS 

Flyover noise  da t a  measured under th ree  widely d i f f e r e n t  meteorological 
m d i t i o n s  ( inc luding  temperature inve r s ions )  were adjusted to l e v e l s  measured 
ider a meteorological  cond i t ion  which w a s  chosen to be a reference.  Two a t m o -  
j he r i c  absorp t ion  adjustment procedures  (Socie ty  of Automotive Engineers (SAE) 
Grospace Recommended Practice (ARP) 866A and proposed American Nat iona l  Stan- 
x d s  I n s t i t u t e  (ANSI) Working Group S1-57) using t h r e e  means to represent  t h e  
Gather condi t ions  were employed. Ref rac t ion  and turbulence s c a t t e r i n g  e f f e c t s  
-re included i n  the a n a l y s i s  where appropr ia te .  
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The unadjusted and ad jus t ed  e f f e c t i v e  perce ived  noise  l e v e l  (EPNL) va l -  
ues associated with t h e  tone co r rec t ed  perce ived  no i se  l e v e l  (PNLTM) spectra 
nonreference weather cond i t ions  were compared to  t h e  r e fe rence  values.  These 
comparisons were analyzed by using a r i t h m e t i c  d i f f e r e n c e  c a l c u l a t i o n s  and sta- 
t i s t i c a l  a n a l y s i s  of var iance .  Observations of t h e  r e s u l t s  ob ta ined  from the  
a n a l y s i s  were as follows: 

(1 ) The unadjusted PNLTM one-third-octave spectra more c l o s e l y  matched t h e  
r e fe rence  spectrum (both  i n  terms o f  band l e v e l s  and EPNL va lues)  than d i d  t h e  
ad jus t ed  PNLTM one-third-octave spectra. However t h e r e  w a s  a s t a t i s t i c a l l y  s ig -  
n i f i c a n t  d i f f e r e n c e  a t  t h e  5-percent l e v e l  between t h e  r e fe rence  EPNL va lue  and 
t h e  unadjusted EEWL va lue  obta ined  under a s t rong  low-level thermal invers ion  
(nonreference cond i t ion  C). 

( 2 )  The proposed ANSI-S1-57 procedure using t h r e e  methods r ep resen t ing  
widely d i f f e r e n t  weather cond i t ions  gave only  one s i g n i f i c a n t  d i f f e r e n c e  o u t  o f  
nine p o s s i b i l i t i e s  ( a t  the  5-percent l e v e l )  when compared with t h e  r e fe rence  
value. The ARP 866A procedure using t h e  same meteorological measurements gave 
f i v e  s i g n i f i c a n t  d i f f e r e n c e s  o u t  of nine possibi l i t ies  when compared wi th  t h e  
r e fe rence  value. 

( 3 )  The ANSI-S1-57 procedure produced EPNL va lues  which were a r i t h m e t i c a l l y  
closer to t h e  r e fe rence  va lue  than d i d  t h e  ARP 866A procedure, though t h e i r  d i f -  
f e r ences  were small, being on the  average of about 0.2 dB. 

( 4 )  The EPNL va lues  r e s u l t i n g  from us ing  t h e  mean va lues  of t h e  temperaturc 
and r e l a t i v e  humidity measured a t  10  m AGL showed a s i g n i f i c a n t  d i f f e r e n c e  a t  
t h e  5-percent l e v e l  compared with t h e  r e fe rence  va lue  i n  four o u t  of s i x  tests. 

(5) The range o f  t h e  measured data w a s  on t h e  order of 1 dB wi th  mean valu: 
and standard-deviation confidence i n t e r v a l s  ob ta ined  a t  t h e  95-percent conf i -  
dence l i m i t .  

(6 )  By u s e  of t h e  a n a l y s i s  of va r i ance  technique, an o b j e c t i v e  assessment 
o f  d a t a  r e s u l t s  w a s  made. 

The proposed ANSI-S1-57 procedure,  as applied to  t h e  data i n  t h i s  paper, 
seems to o f f e r  a better way to  a d j u s t  a i r c r a f t  f lyover  EPNL va lues  than does t h  
c u r r e n t  ARP 866A method. Furthermore, when t h e  proposed ANSI-S1-57 procedure i 
used, the' l aye red  a n a l y s i s  meteorological measurement seems to g ive  about t h e  
same resul ts  as d i d  t h e  mean of t h e  mean-value d a t a  taken a t  10  m above ground 
l e v e l  and a t  t h e  a i rc raf t  f l i g h t  a l t i t u d e .  

Langley Research Center 
Nat iona l  Aeronautics and Space Administration 
Hampton, VA 23665 
A p r i l  23, 1979 
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TABLE I.- ALPHAElUMERIC CHARACTER ASSIGNMENT M (XIMRINATIONS OF WEATHER CONDITIONS AND ADJUSTMENT PROCEDURES 

ARP 866A Proposed ANSI-SI -57 
Unadjusted cond it i on 

Mean of mean Layered Mean 1 0  m Mean of mean Layered Mean 10 m 
I I I I 

C 2  
I C I 

TABLE: 11.- NUMBER OF CNE-THIRD-OCTAVE BAND LFVELS CUT OF 21 ANALYZED FOR "REFERENCE WEATHER CONDITIONS WHICH ARE W I T H I N  1 dB OF REFERENCE CONDITION 

~ ~ ~~~~~~ ~ ~~~~~ 

ARP 866A Proposed ANSI-SI -57 
Unadjusted 

Weather Layered Mean 10 m Mean of mean Layered Mean 10 m Mean of mean 
c o n d i t i o n  



TABLE 111.- EPNL DATA 

S t a t i s t i c a l  da t a  EPNL, dB Run S t a t i s t i c a l  da t a  "La, dB Run 

96.6 
97; 0 
96.9 

Data range . . . . . . . . . . . . . 
95% confidence i n t e r v a l  on mean . . . 
a . . . . . . . . . . . . . . . . . .  
95% confidence i n t e r v a l  on 0 . . . . 

1.9 
96.2 to 98.1 

20 .8  
0.5 to 2.2 

- 
Mean, B O .  . . . . . . . . . . . . . 
Data range . . . . . . . . . . . . . 
95% confidence i n t e r v a l  on mean . . . 
a . . . . . . . . . . . . . . . . . .  
95% confidence i n t e r v a l  on a . . . . 

97.0 
97.2 
97.2 
97.3 
97.9 

97.3 
0.9 

96.9 to 97.7 
t0.3 

0.2 to 1.0 

Mean, CO . . . . . . . . . . . . . . 
Data range . . . . . . . . . . . . . 
95% confidence i n t e r v a l  on mean . . . 
o . . . . . . . . . . . . . . . . . .  
95% confidence i n t e r v a l  on 0 . . . . 

96.9 

95.8 
95.5 
95.3 

95.9 
1.6 

94.7 to 97.0 
f0.7 

0.4 to 2.7 

---- 

Weather condi t ion DO 
-, , 
287 
288 
289 
290 
291 

Mean, DO . . . . . . . . . . . . . . 
Data range . . . . . . . . . . . . . 
95% confidence i n t e r v a l  on mean . . . 
a . . . . . . . . . . . . . . . . . .  
95% confidence i n t e r v a l  on 0 . . . . 1 

96.7 
96.8 
96.8 
96.1 
96.0 

96.5 
0.8 

96.0 to 97.0 
t0.4 

0.2 to 1.1 

237 

239 
240 
241 

--- 

- 
118 
119 
121 
122 
123 



TABLE 111.- Continued 

AR? 866A procedurea 

B1 B2 B3 
RUn 

ANSI-S1-57 procedurea  

B4 B5 B6 

287 
288 
2 89 
290 
291 

(c) Adjus ted  f o r  weather cond i t ion  C - s t rong  lov - l eve l  i n v e r s i o n  

96.0 I !i!: 1 fii I ii?; 1 96.3 
!%ti 96.5 96.4 
96.8 96.0 96.8 96.8 
97.3 96.5 97.3 97.3 96.6 97.3 

Mean . . . . . . . . . . . . . . . .  96.6 95.8 96.5 96.6 95.9 
Data range  . . . . . . . . . . . . .  1.2  1 .2  1.4 1 . 2  1 .2 
95% conf idence  i n t e r v a l  on m e a n  . . .  96.1 to 97.2 95.3 to 96.4 95.8 to 97.2 96.1 to 97.2 95.4 t o  96.5 
o . . . . . . . . . . . . . . . . . .  fO. 5 f0. 5 to. 5 t0 .5  f0.5 
95% conf idence  i n t e r v a l  on a . . . .  0.3 to 1 .3 0.3 to 1 .3  0.3 t o  1.3 0.3 t o  1 . 3  0.3 to  1 .6  

I S t a t i s t i c a l  d a t a  

96.6 
1 .3  

95.9 to 97.2 
f0.5 

0.3 to 1.5 

Mean . . . . . . . . . . . . . . . .  97.2 
Data range  . . . . . . . . . . . . .  1.1 
95% conf idence  i n t e r v a l  on mean 96.5 to 98.0 
a . . . . . . . . . . . . . . . . . .  f0.5 
95% m n f i d e n c e  i n t e r v a l  on . . . .  0.3 to 1 .8  

. . .  

R U I  

237 
239 
240 
241 

95.2 
1.4 

94.2 to 96.2 
20.6 

0.4 to 2.3 

ARP 866A procedurea ANSI-S1-57 procedurea  

C1 c2 c3 c4 CS c6 

97.8 96.0 96.7 97.3 96.0 96.5 
97.4 95.3 96.1 96.9 95.4 96.0 
96.7 94.6 95.4 96.2 94.7 95.3 
97.0 94.8 95.6 96.5 94.9 95.5 

96.0 
1.3 

95.0 to 96.9 
t0.6 

0.3 t o  2.2 

96.7 
1.1 

96.0 to 97.5 
t0.5 

0.3 t o  1 .8  

95.3 
1.3 

94.3 to  96.2 
f0.6 

0.3 to 2.16 

95.8 
1.2 

95.0 to 96.7 
f0.5 

0.3 to 2.0 

aValues i n  t h e s e  columns g iven  i n  dB. 



TABLE 111.- Concluded 

(a) Adjusted f o r  weather cond i t ion  D - ou t s ide  FAR 36 windat;  h o t  and dry 

R U l  

118 
119 
1 21 
122 
123 

ARP 866A procedurea ANSI-S1-57 procedurea 

D1 D2 D3 D4 D5 D6 

99.1 99.0 99.1 98.8 98.7 98.8 
99.0 98.9 99.0 99.7 90.7 98.7 
99.0 98.9 98.9 98.6 98.5 98.5 
98.1 98.0 97.9 97.7 97.6 97.5 
98.4 98.3 98.1 98.0 97.9 97.8 

aValues i n  these  columns given i n  dB. 



TABLE 1V.- ARITHMETIC DIFFERENCE OF MEAN EPNL VALUE OF REFERENCE WEATHER CONDITION A SUBTRACTED FROM 

UNADJUSTED AND ADJUSTED MEAN EF'NL VALUES OF NONREFERENCE WEATHER CONDITIONS 

[Positive sign indicates value is greater tha! and implies overadjustment: negative sign 
indicates value is less than A and implies underadjustment] 

Weather 
condition 

A 

~~~ 

Arithmetic difference of from - 
Unadjusted ARP 866A Proposed ANSI-S1-57 

Layered Mean 1 0  m Mean of mean Layered Mean 10 m Mean of mean 

---- ---- ---- ---- ---- ---- 

D I -.7 t 1  . 5  1, 

Weather 
m n d  ition 

-1 .4  

-2.0 

t 1 . 4  

Amount that ANSI-Sl-51 is closer Amount that ARP 866A is closer 
than ARP 866A to A for - than ANSI-S1-57 to A for - 

Layered 1 Mean 1 0  m 1 Mean of mean Layered Mean 10 m 1 Mean of mean 

-0.7 

-1.2 

t 1 . 4  

-0.6 

-. 5 

t 1  . 2  

-1.3 

-1.9 

tl.l 

-0.6 

-1.4 

tl.l I 

I 

TABLE V.- MAGNITUDE OF EF"L VALUE BY WHICH ADJUSTMENT PROCEDURE 

CAME CLOSEST TO REFERENCE WEATHER CONDITION 



TABLE VI.- EXAMPLE ANOVA RESULTS 

I P I n i t i a l  (pA = bo = k0 = bo) 5 . 9  

a.16 
al .30 

a.68 

3 .2  

bl .14 

b1.14 
bl.20 

q o n t r a s t  value.  
bScheff6 value.  

TABLE VI1.-  SUI-MARY OF SIGNIFICANT DIFFERENCES OF UNADJUSTED AND ADJUSTED "REFERENCE WEATHER CONDITIONS B, 

C, AND D VALUES RELATIVE To REFERENCE A MEAN EPNL VALUES TESTED AT 95% CONFIDENCE LEVEL 

NO 

Yes 
NO 
Yes 

S i g n i f i c a n t  d i f f e r e n c e  from PA using - i 
I 

I n i t i a l  hypothesis  €Io A, accepted ARP 866A Proposed ANSI-S1-57 
Unadi usted 

j Layered ' Mean 1 0  m , Mean of mean Layered Mean 10 m Mean of mean 

--- --- 



h) 
0 

tt 

Weather 
aircraft n 

Noise track 

/ ?st air craft 

Altitude 
346 m 

c 
10-m AGL 
meteorology tower 

Figure 1.- General test arrangement. 
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Figure 2.- Layered weather profiles for atmospheric reference A and 
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Figure 5.- Mean 10-m weather representation for atmospheric conditions A (reference) 
and B, C, and D (nonreference) compared with FAR 36 requirements. 
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Figure 9.- Mean reference  spectrum A and unadjusted nonreference weather 
condi t ion  spectrum CO. 
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Figure 10.- Mean reference spectrum A and unadjusted nonreference weather 
condi t ion spectrum Do. 



W 
0 

80 

70 

SPL, dB 60 

- 

- 

- 

I 
50 

0 50 100 200 400 800 1600 3150 6300 
40 

' -  

One-third-octave band center frequency, Hz 

Figure 11.- Mean reference  A and weather condi t ion B adjusted spectra 
obtained by using layered meteorology. 
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Figure 12.- Mean reference A and weather condition B adjusted spectra  obtained 
by using mean 10-m homogeneous meteorology. 
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