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SUMMARY 

Airframe n o i s e  of a 0.01-scale  model of t h e  Boeing 747 wide-body t ransport  
has  been measured i n  t h e  Langley Anechoic Noise F a c i l i t y .  The model geometry 
s imula ted  bo th  t h e  l a n d i n g  and c r u i s e  c o n f i g u r a t i o n s .  The model n o i s e  w a s  found 
t o  be similar i n  c h a r a c t e r i s t i c s  t o  t h a t  gene ra t ed  by a 0.03-scale-model 747 
t e s t e d  i n  a d i f f e r e n t  f a c i l i t y  and w a s  a f u n c t i o n  of t h e  lead ing-  and t r a i l i n g -  
edge f l a p  systems.  The 0.01-scale-model no ise  d a t a  s c a l e d  t o  w i t h i n  3 d B  of  
f u l l - s c a l e  d a t a  us ing  t h e  same s c a l i n g  r e l a t i o n s h i p s  as were used f o r  t h e  0.03- 
scale-model n o i s e  d a t a .  The 0.01-scale-model n o i s e  d a t a  compared t o  w i t h i n  
3 dB of f u l l - s c a l e  d a t a  t h a t  were c a l c u l a t e d  us ing  t h e  NASA A i r c r a f t  N o i s e  
P r e d i c t i o n  Program (ANOPP) . 

INTRODUCTION 

Airframe n o i s e  can be d e f i n e d  a s  a l l  t h e  n o i s e  g e n e r a t e d  by a n  a i r c r a f t  i n  
f l i g h t  o t h e r  t h a n  t h a t  a s s o c i a t e d  wi th  t h e  a i r c r a f t  p ropu l s ion  system. I t  is 
comprised of  t h e  n o i s e  r e s u l t i n g  from e x t e r n a l  f low over  t h e  f u s e l a g e ,  wing and  
t a i l  s u r f a c e s ,  a s  w e l l  as t h e  a i r c r a f t  f l a p  and l a n d i n g  gea r  systems.  A s  such,  
i t  is n o t  r e a d i l y  amenable t o  t h e o r e t i c a l  a n a l y s i s .  Consequent ly ,  t o  unders tand  
t h e  sou rces  of a i r f r a m e  noise ,  expe r imen ta l  i n v e s t i g a t i o n s  have been conducted.  
Var ious  a u t h o r s  have s t u d i e d  i s o l a t e d  a i r f o i l s  i n  f low f a c i l i t i e s  ( r e f .  1 ) .  
Some r e s e a r c h e r s  have measured a i r f r a m e  n o i s e  of f u l l - s c a l e  a i r c r a f t  and devel -  
oped e m p i r i c a l  e q u a t i o n s  t o  d e s c r i b e  t h e  n o i s e  d a t a  ( refs .  2 and 3 ) .  O t h e r s  have 
i n v e s t i g a t e d  smal l  complete models with unde rca r r i age  and f l a p  systems.  The 
models s t u d i e d  inc luded  a 0 .015-scale  advanced s u p e r s o n i c  t r a n s p o r t  ( r e f .  4 ) ,  a 
0.03-scale Boeing 747 t r a n s p o r t  ( r e f .  5 ) ,  and a two-dimensional wing-f lap and 
l and ing  gear  system ( r e f .  6 ) .  

The p rev ious  747 i n v e s t i g a t i o n  ( r e f .  5) y i e l d e d  a s c a l i n g  r e l a t i o n s h i p  f o r  
a i r f r a m e  n o i s e  s p e c t r a  o b t a i n e d  by comparing t h e  model d a t a  w i t h  f u l l - s c a l e  f l y -  
over  d a t a .  I n  t h a t  s t u d y ,  t u r b u l e n t  boundary-layer f low w a s  induced ove r  t h e  
model. T h i s  a r t i f i c i a l l y  induced t u r b u l e n t  environment may a f f e c t  t h e  app l i ca -  
b i l i t y  of a c o u s t i c  d a t a  o b t a i n e d  us ing  a sma l l - sca l e  model i n  l i e u  of t h e  a c t u a l  
f u l l - s c a l e  s i t u a t i o n .  Hence, a s t u d y  w a s  undertaken t o  i n v e s t i g a t e  t h e  applica- 
b i l i t y  of t h e  e x i s t i n g  s c a l i n g  laws t o  smaller models. 

Th i s  report p r e s e n t s  t h e  r e s u l t s  of an a i r f r a m e  n o i s e  experiment  u s ing  a 
0.01-scale 747 complete model. The purpose of t h e  tests w a s  t o  de termine  quan- 
t i t a t i v e l y  t h e  a i r f r a m e  n o i s e  l e v e l s  of a 0.01-scale 747 model and compare t h e  
r e su l t s  wi th  t h e  r e s u l t s  o b t a i n e d  f r a n  a 0.03-scale 747 model and a f u l l -  
scale 747 i n  o rde r  t o  v e r i f y  t h e  s c a l i n g  l a w s  proposed f o r  a i r f r a m e  n o i s e  i n  
r e f e r e n c e  5. The tests were conducted a t  t h e  Langley A i r c r a f t  Noise Reduct ion 
Labora tory  i n  t h e  Anechoic Noise F a c i l i t y .  The model was equipped w i t h  lead ing-  
and t r a i l i n g - e d g e  flaps.  The components were ex tended  i n d i v i d u a l l y  and collec- 
t i v e l y  t o  ascertain t h e i r  c o n t r i b u t i o n s  t o  t h e  n o i s e  f i e l d  over  t h a t  produced by 
t h e  f u s e l a g e  and t h e  wing. A c o u s t i c a l  d a t a  are p r e s e n t e d  which i n c l u d e  one - th i rd  



o c t a v e  band spectra when t h e  model is i n  t h e  overhead  p o s i t i o n ,  and d i r e c t i v i t y  
i n  bo th  t h e  f l y o v e r  and s i d e l i n e  p l a n e s  f o r  t h e  l a n d i n g  c o n f i g u r a t i o n .  

s YMBOLS 

f frequency,  kHz 

R overhead obse rve r  d i s t a n c e ,  m 

V v e l o c i t y ,  m/s 

e f lyove r  ang le ,  deg 

0 s i d e l i n e  ang le ,  deg 

Subscripts : 

f s  f u l l  scale 

m mode 1 

Abbrev ia t ions  : 

OASPL o v e r a l l  sound pressure l e v e l  

SF scale f a c t o r  

SPL sound p r e s s u r e  l e v e l  

DESCRIPTION OF MODEL AND EXPERIMENTAL METHOD 

Mode 1 

The tes t  model was a 0.01-scale-model Boeing 747 wide-body t r a n s p o r t  a i r -  
c r a f t .  The f u s e l a g e  w a s  made of wood and t h e  wing was made of aluminum. The 
model had an o v e r a l l  l e n g t h  of 0.69 m and a sweptback t a p e r e d  wing wi th  a span 
of 0.60 m. The model w a s  equipped w i t h  eng ine  n a c e l l e s ,  nose  g e a r ,  wing and 
main body l and ing  g e a r s ,  wheel w e l l s ,  leading-edge f laps,  and t r a i l i n g - e d g e  
f l a p s .  F igu re  1 is a photograph of  t h e  unde r s ide  of t h e  model. The conf igura-  
t i o n  t e s t e d  r e p r e s e n t e d  t h a t  used i n  t h e  normal 747 l a n d i n g  approach c o n d i t i o n s  
w i t h  t h e  f l a p s  a t  30°. The f l a p  sys tems were made of  steel t o  a l low d e t a i l  and 
i n s u r e  e x a c t n e s s  of shape  r e s u l t i n g  i n  t h e  d e s i r e d  local aerodynamic environment.  
F i g u r e  2 is a c lose-up  view of t h e  t r a i l i n g - e d g e  f l a p  system showing f i n e  s t r u c -  
t u r a l  d e t a i l .  The appropriate wheel w e l l  doors  p r o j e c t e d  i n t o  t h e  flow when t h e  
l and ing  g e a r s  were extended.  A t r a n s i t i o n  s t r i p  of  f i n e  c a r b i d e  g r i t  w a s  a p p l i e d  
t o  t h e  l e a d i n g  1 0  p e r c e n t  chord a c r o s s  t h e  f u l l  wing span  f o r  a l l  tests i n  o rde r  
to  i n s u r e  a t u r b u l e n t  boundary l a y e r .  A force ba lance  w a s  used t o  e v a l u a t e  t h e  
model l ift system and t o  i n s u r e  aerodynamic s i m i l a r i t y  wi th  t h e  model used i n  
r e f e r e n c e  5. 
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T e s t  Se tup  and Procedure 

F i g u r e  3 shows t h e  model mounted i n  t h e  Langley Anechoic Noise F a c i l i t y .  
The anechoic  r o o m  w a s  6.1 by 9.1 by 7.1 m high and had 0.84-m-deep a c o u s t i c a l  
wedges on t h e  w a l l s  and c e i l i n g s .  P o r t a b l e  wedges were p laced  over  t h e  floor 
prior to  a c o u s t i c a l  t e s t i n g .  The model was s t i n g  mounted and w a s  p o s i t i o n e d  
i n  a nose-down a t t i t u d e .  The s t i n g  e n t e r e d  t h e  model 1.52 m above t h e  j e t  e x i t  
and provided an a n g l e  of a t tack  of 8.750 ( t h e  a n g l e  between t h e  f low and t h e  
model c e n t e r  l i n e s ) .  T h i s  was t h e  ang le  which produced a l i f t  c o e f f i c i e n t  
of t h e  model t h a t  approximated t h a t  of t h e  747 i n  t h e  l and ing  c o n f i g u r a t i o n .  
Ai r f low was provided  by a 1.22-m-diameter v e r t i c a l  j e t  nozz le  ( n o t  v i s i b l e  
i n  t h e  photograph) ,  d r i v e n  by a c e n t r i f u g a l  f a n  t h a t  was housed i n  another  
b u i l d i n g  to h e l p  minimize background no i se .  Tests were run over  a range 
of v e l o c i t i e s  of 20, 25, and 30 m/s .  F igu re  4 shows a schemat i c  o f  t h e  test 
se tup .  

In s t rumen ta t ion  

Acous t i ca l  data were taken wi th  s i x  1/4-in. condenser- type microphones. 
S i x  microphones were mounted on p o l e s  a t  a h e i g h t  cor responding  to  t h e  model- 
s t i n g  a t tachment  p o i n t ,  i n  angular  increments  o f  8O, and were used t o  measure 
s i d e l i n e  d i r e c t i v i t y .  Microphone 1 (see f i g .  4 )  w a s  mounted on a v e r t i c a l  
t r a v e r s i n g  mechanism, which provided  d i r e c t i v i t y  data i n  t h e  f lyove r  p lane .  
The microphones were placed approximately 2 1/2 span l e n g t h s  from t h e  model 
and o u t  of  the  f l o w .  A l l  a c o u s t i c a l  d a t a  were high-pass  f i l t e r e d  a t  1250 Hz, 
and one- th i rd  o c t a v e  band data were ob ta ined  on- l ine  over  a frequency range 
to  40 kHz. 

T e s t  Environment 

The model w a s  p o s i t i o n e d  over  t h e  j e t  nozz le  s u c h  t h a t  t h e  e n t i r e  model w a s  
i n  t h e  p o t e n t i a l  core of t h e  j e t  and a c o u s t i c  r e f l e c t i o n s  from t h e  j e t  nozz le  
were minimized. Based on p r e v i o u s  hot-wire  su rveys ,  t h e  j e t  was known to sp read  
l i k e  a c l a s s i c a l  subson ic  j e t  wi th  t h e  p o t e n t i a l  core extending  6 nozz le  diame- 
ters downstream and to have a uniform mean f l o w .  The j e t  core had tu rbu lence  
l e v e l s  of  approximate ly  0.5 p e r c e n t ,  which were s u f f i c i e n t  f o r  s i m u l a t i n g  con- 
d i t i o n s  of a f l i g h t  i n  a tmospher ic  c o n d i t i o n s .  

I n  t h i s  s tudy  both  t h e  n o i s e  sou rce  and microphones were i n  f i x e d  p o s i t i o n s  
whi le  t h e  tes ts  were be ing  conducted. Thus, t h e  shea r  l a y e r  e f f e c t s  ( r e f r a c t i o n  
of convected a c o u s t i c  r a y s )  on t h e  a c o u s t i c  r a y s  were c a l c u l a t e d  us ing  t h e  method 
desc r ibed  i n  r e f e r e n c e  7. T h i s  method models t h e  s h e a r  l a y e r  as an i n f i n i t e l y  
t h i n  v o r t e x  s h e e t .  A t  a l l  f l o w  v e l o c i t i e s ,  t h e  c o r r e c t i o n s  f o r  ampli tude and 
d i r e c t i o n  o f  t h e  a c o u s t i c  r a y s  were small  (less t h a n  1/2 dB and 2O, respec-  
t i v e l y ) .  Hence, no c o r r e c t i o n s  were a p p l i e d  to  t h e  data p resen ted .  
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RESULTS AND DISCUSSION 

Presen ted  and d i s c u s s e d  i n  t h i s  s e c t i o n  of  t h e  paper are resul ts  of  a i r -  
frame n o i s e  o f  i n d i v i d u a l  extended a i r f r a m e  components and t h e  l and ing  approach 
c o n f i g u r a t i o n  wi th  t h e  model 7 4 7  i n  t h e  overhead p o s i t i o n .  Comparisons are also 
made of  acoustic resu l t s  ob ta ined  by s c a l i n g  0.01-scale- and 0.03-scale-model 
a i r f r a m e  n o i s e  d a t a  to f u l l - s c a l e  7 4 7  a i r f r a m e  n o i s e  d a t a .  The 0.01-scale- 
model d a t a  are also compared wi th  c a l c u l a t e d  f u l l - s c a l e  n o i s e  d a t a  f o r  t h e  land- 
i n g  c o n f i g u r a t i o n .  

Background N o i s e  S p e c t r a  

Noise s p e c t r a  of t h e  flow f a c i l i t y  a t  v e l o c i t i e s  of  20,  25, and 30 m / s  
were recorded  wi th  t h e  s t i n g  i n  p l a c e ,  b u t  w i thou t  t h e  model i n s t a l l e d .  This  
was used as background n o i s e  and was s u b t r a c t e d  from a l l  cor responding  model 
d a t a .  After t h e  background no i se  w a s  s u b t r a c t e d  from t h e  n o i s e  d a t a  o b t a i n e d  
wi th  t h e  model i n  t h e  cruise c o n f i g u r a t i o n ,  t h e  t o t a l  n o i s e  was too small to 
be sure t h a t  it was pure  a i r f r a m e  no i se .  The resul ts  of  t h i s  test  are shown 
i n  f i g u r e  5 .  This  t es t  was t h e  on ly  one i n  which t h e  t o t a l  n o i s e  was n o t  w e l l  
above (5  to 10 dB) t h e  background no i se  over t h e  f requency  range  of  t h e  
i n v e s t i g a t i o n .  

Component Noise S p e c t r a  

Nacelle noise.- A series of  tests were conducted to de termine  t h e  e f f e c t s  
of  t h e  engine n a c e l l e s  on t h e  n o i s e  s p e c t r a .  The n a c e l l e s  were t e s t e d  both 
plugged and open. The open n a c e l l e s  produced tones  cor responding  to t h a t  of  
a p i p e  wi th  open ends,  which was no t  a r ea l i s t i c  r e p r e s e n t a t i o n  f o r  a j e t  engine.  
Thus, to e l i m i n a t e  t h e  tones  a l l  t h e  tests were performed us ing  plugged n a c e l l e s .  

F l a p  system.- F igu re  6 shows t h e  one - th i rd  o c t a v e  band a i r f r a m e  n o i s e  spec- 
t ra  f o r  t h e  model i n  t h e  overhead p o s i t i o n  due to t h e  e x t e n s i o n  of t h e  model 
leading-edge f l a p s  f o r  t h r e e  v e l o c i t i e s .  The peak sound p r e s s u r e  l e v e l  occu r red  
a t  h ighe r  f r e q u e n c i e s  wi th  i n c r e a s e d  v e l o c i t y ;  t h i s  is also observed f o r  t h e  
c o n d i t i o n s  where t h e  t r a i l i n g - e d g e  f l a p  is extended a l o n e  and t h e  lead ing-  and 
t r a i l i n g - e d g e  f l a p s  are extended j o i n t l y  and can be seen i n  f i g u r e s  7 and 8 ,  
r e s p e c t i v e l y .  This  v e l o c i t y  dependency has  been observed  i n  o t h e r  a i r f r a m e  
n o i s e  s t u d i e s  ( r e f s .  1 ,  4 ,  5, and 6 ) .  F i g u r e  9 shows a comparison of t h e  one- 
t h i r d  oc t ave  band a i r f r a m e  n o i s e  s p e c t r a  a t t r i b u t e d  to  t h e  leading-edge f l a p s  
a lone ,  t h e  t r a i l i n g - e d g e  f l a p s  a lone ,  and t h e  combination of t h e  t w o  systems 
a t  a v e l o c i t y  o f  30 m/s .  The leading-edge f l a p s  g e n e r a t e  a h ighe r  n o i s e  l e v e l  
i n  the  lower f r e q u e n c i e s  than t h e  t r a i l i n g - e d g e  f l a p s .  I n  t h e  h igher  f requency  
range t h e  t r a i l i n g - e d g e  f l a p s  are t h e  primary n o i s e  source. This  o b s e r v a t i o n  
ag rees  wi th  t h e  r e s u l t s  of r e f e r e n c e  5 .  The t h i r d  spectrum i n  f i g u r e  9 shows 
t h e  measured combined e f f e c t  of  t h e  t w o  f l a p  systems. 

Landing gear system.- The l and ing  gear  system components were extended 
i n d i v i d u a l l y  and as a complete system. The l and ing  gea r  n o i s e  d i d  n o t  produce 
any s i g n i f i c a n t  change i n  t h e  no i se  l e v e l  over t h a t  of t h e  f u s e l a g e  and wings 
f o r  t h e  frequency range o f  t h e  i n v e s t i g a t i o n .  
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I 

Landing Approach C o n f i g u r a t i o n  

Spectra.-  One-third o c t a v e  band a i r f r a m e  n o i s e  s p e c t r a  f o r  t h e  l and ing  
approach c o n f i g u r a t i o n ,  measured a t  t h e  overhead p o s i t i o n  and t h e  t h r e e  test  
v e l o c i t i e s ,  are p r e s e n t e d  i n  f i g u r e  10. The sound p r e s s u r e  l e v e l  and peak f r e -  
quency are observed to be  a f u n c t i o n  of  v e l o c i t y .  F igu re  11 shows a comparison 
of  t h e  one- th i rd  o c t a v e  band spectrum of t h e  combined l ead ing -  and t r a i l i n g - e d g e  
f l a p s  system extended and f o r  t h e  l and ing  c o n f i g u r a t i o n .  These s p e c t r a  are 
taken a t  t h e  overhead p o s i t i o n  and a t  a flow v e l o c i t y  of  30 m/s .  The s p e c t r a  
are b a s i c a l l y  t h e  same e x c e p t  a t  t h e  lower f r e q u e n c i e s  where t h e  n o i s e  from t h e  
l and ing  c o n f i g u r a t i o n  is g r e a t e r .  Although t h e  n o i s e  due to  t h e  l and ing  gea r  
sys tem a l o n e  w a s  n o t  measurable  above t h e  n o i s e  of  t h e  cruise c o n f i g u r a t i o n ,  
t h i s  a d d i t i o n a l  n o i s e  is b e l i e v e d  to be due to t h e  w a k e  from t h e  wing l and ing  
gea r  system impinging on t h e  t r a i l i n g - e d g e  f l a p  system. Th i s  phenomenon w a s  
a l so  observed i n  r e f e r e n c e s  5, 8 ,  and 9. 

D i r e c t i v i t y . -  The d i r e c t i v i t y  p a t t e r n s  of t h e  l and ing  approach conf igu ra -  
t i o n s ,  a t  a flow v e l o c i t y  of 30 m / s ,  i n  bo th  t h e  f l y o v e r  and s i d e l i n e  p l a n e s  are 
shown i n  f i g u r e  12 wi th  t h e  d a t a  a d j u s t e d  f o r  c o n s t a n t  r a d i u s .  The f l y o v e r  
no i se  r a d i a t i o n  produces a maximum o v e r a l l  sound p r e s s u r e  l e v e l  i n  t h e  forward 
quadran t .  T h i s  forward-pro jec ted  n o i s e  l e v e l  i n c r e a s e  is b e l i e v e d  to  be primar- 
i l y  a r e s u l t  of t h e  ex tended  t r a i l i n g - e d g e  f l a p s ,  as s i m i l a r  r e su l t s  have been 
observed with vary ing  f l a p  d e f l e c t i o n s  ( refs .  4 and 9 ) .  

S i d e l i n e  d i r e c t i v i t y  measurement for t h e  l and ing  c o n f i g u r a t i o n s  r e v e a l e d  
a n e a r l y  uniform n o i s e  p a t t e r n ,  which has  been r e p o r t e d  p r e v i o u s l y  from f u l l -  
scale f lyove r  d a t a  ( refs .  3 and 9 ) .  The s i d e l i n e  n o i s e  w a s  found to  be primar- 
i l y  due to  t h e  l ead ing -  and t r a i l i n g - e d g e  f l a p s .  This  is seen  i n  f i g u r e  1 3  
where t h e  a i r f r a m e  n o i s e  spectrum f o r  each microphone i n  t h e  s i d e l i n e  p l ane  is 
shown. There is a common frequency range of 9 to  1 3  kHz for peak SPL f o r  each 
microphone w i t h  a flow v e l o c i t y  of  30 m/s .  Using t h e  lead ing-edge- f lap  chord 
and t h e  t r a i l i n g - e d g e - f l a p  chord,  r anges  of S t r o u h a l  number were calculated,  
r e s p e c t i v e l y ,  t h a t  were n o t  i n c o n s i s t e n t  wi th  those ob ta ined  i n  r e f e r e n c e  6. 

S c a l i n g  of D a t a  

The s c a l i n g  r e l a t i o n s h i p  f o r  t h e  sound p r e s s u r e  l e v e l  de f ined  i n  r e f e r -  
ence  5 invo lves  a f u n c t i o n  of  v e l o c i t y  r a i s e d  to t h e  f i f t h  p o w e r .  I n  o r d e r  for 
t h i s  r e l a t i o n s h i p  to  be a p p l i c a b l e  to t h e  s u b j e c t  data,  t h e  d a t a  m u s t  f i r s t  
c o l l a p s e  when normalized to v e l o c i t y  to  t h e  f i f t h  p o w e r  F igu re  14 shows 
t h e  v a r i a t i o n  of  o v e r a l l  sound p r e s s u r e  l e v e l  and v e l o c i t y ,  w i th  t h e  model i n  
t h e  landing c o n f i g u r a t i o n  and a t  t h e  overhead p o s i t i o n .  These d a t a  f i t  a l i n e  
f o r  a f i f th -power  f u n c t i o n .  A l s o ,  f i g u r e  15 shows t h e  c o l l a p s i n g  of t h e  model 
data which were normalized us ing  50 log Vm/20. These t w o  f i g u r e s  i n d i c a t e  t h a t  
t h e  0.01-scale-model data shou ld  scale accord ing  to t h e  r e l a t i o n s h i p  g i v e n  i n  
r e f e r e n c e  5. 

V5. 

The f u l l - s c a l e  f l y o v e r  d a t a  used i n  t h e  p r e s e n t  paper are taken from r e f e r -  
ence  5. For comparison wi th  t h e s e  d a t a ,  t h e  model d a t a  were normalized t o  f u l l  
scale u s i n g  overhead obse rve r  d i s t a n c e  R as  112.8 m,  v e l o c i t y  V as 76.2 m / s ,  
and a scale f a c t o r  SF o f  0.01. The sound p r e s s u r e  l e v e l  and frequency d a t a  
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used for comparison were c a l c u l a t e d  us ing  t h e  model d a t a  and t h e  f o l l o w i n g  
e q u a t i o n s  t a k e n  frcm r e f e r e n c e  5: 

and 

where f u l l - s c a l e  f requency  f f s  is i n  h e r t z .  

F igu re  16 shows a comparison between t h e  n o i s e  spectra of  t h e  a i r c ra f t  and 
t h e  model wi th  on ly  t h e  leading-edge f l a p s  extended.  For t h e  e n t i r e  f requency  
range  shown, t h e  d a t a  a g r e e  w i t h i n  3 d B  of t h e  f u l l - s c a l e  data. The maximum 
s c a l e d  f requency  is approximat ley  1000 Hz, which cor responds  to  approximate ly  
40 kHz f o r  t h e  model. This  was t h e  upper f requency l i m i t  o f  t h e  i n s t r u m e n t a t i o n  
system used f o r  t h e s e  tests. The n e c e s s i t y  o f  o b t a i n i n g  no i se  data a t  h igh  f r e -  
quency i n  order to scale adequa te ly  to f u l l  scale is one p r o h i b i t i n g  f a c t o r  
when us ing  a very  small model €or measuring airframe noise .  Another,  of course, 
is  t h e  g r e a t  d i f f i c u l t y  exper ienced  i n  manufac tur ing  a small  model w i th  
exac tness .  

The comparison of n o i s e  spectra f o r  t h e  0.01-scale  model and f u l l - s c a l e  
a i r c r a f t  wi th  o n l y  t h e  t r a i l i n g - e d g e  f l a p s  ex tended  is shown i n  f i g u r e  1 7 .  The 
scale model d a t a  are i n  agreement wi th  t h e  f u l l - s c a l e  d a t a .  I n  r e f e r e n c e  5 
t h e r e  w a s  some disagreement  i n  t h i s  comparison f o r  t h e  0.03-scale-model d a t a  and 
t h e  f u l l - s c a l e  da t a .  However , t h e  0.01 -scale-model t r a i l i n g - e d g e  f l a p  sys tem 
was modeled very  a c c u r a t e l y ,  and t h i s  accu racy  is b e l i e v e d  t o  be t h e  c o n t r i b u t -  
i n g  f a c t o r  f o r  ach iev ing  t h e  good r e s u l t s  shown i n  f i g u r e  1 7 .  

F igu re  1 8 shows t h e  r e s u l t s  o b t a i n e d  f o r  t h e  0.01 -scale-model d a t a  s c a l e d  
to  f u l l  scale w i t h  bo th  t h e  lead ing-  and t r a i l i n g - e d g e  f l a p s  extended.  These 
d a t a  ag ree  across t h e  e n t i r e  measured f requency  range ,  i n d i c a t i n g  t h a t  t h e r e  
was l i t t l e  i f  any f low i n t e r a c t i o n  among t h e  l ead ing -  and t r a i l i n g - e d g e  f laps  
or t h e r e  was i n t e r a c t i o n  and it s c a l e d  acco rd ing ly .  

F i g u r e  1 9  p r e s e n t s  a s p e c t r a  of t h e  0.01-scale-model d a t a  s c a l e d  t o  f u l l -  
scale d a t a  i n  t h e  l a n d i n g  c o n f i g u r a t i o n .  These d a t a  a g r e e  wi th in  3 dB of t h e  
f u l l - s c a l e  d a t a  e x c e p t  a t  t h e  lower f requency  range.  T h i s  disagreement  i s  
be l i eved  to  be due t o  t h e  flow e f f e c t s  of t h e  l a n d i n g  gea r  system on  t h e  
t r a i l i n g - e d g e  f l a p s  n o t  s c a l i n g  u s i n g  t h e  proposed r e l a t i o n s h i p s .  I t  i s  real- 
i z e d  t h a t  t h e  f low f i e l d  is complex and t h e s e  r e s u l t s  i n d i c a t e  t h a t  Reynolds 
number may a f f e c t  s c a l i n g  o f  airframe n o i s e  for b l u f f  bodies .  These component 
i n t e r a c t i o n  e f f e c t s  have been observed be fo re  and are reported i n  r e f e r e n c e s  5, 
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6 ,  and 8 .  The basic problem is i n  o b t a i n i n g  t h e  n o i s e  spectra c o n t r i b u t e d  by 
t h e s e  b l u f f  bodies ,  s i n c e  they  u s u a l l y  e x i s t  below t h e  background n o i s e  spectra 
of  t h e  f l o w  f a c i l i t y .  

Comparison of 0.01-Scale- and 0.03-Scale-Model Data 

F igure  20 shows t h e  comparison of  0.01-scale- and 0.03-scale-model d a t a ,  
ob ta ined  i n  d i f f e r e n t  fac i l i t i es ,  s c a l e d  to  f u l l - s c a l e  d a t a .  The 0.03-scale- 
model data were taken  from r e f e r e n c e  5. Both models had leading-  and t r a i l i n g -  
edge flaps extended,  and t h e  models were i n  t h e  overhead p o s i t i o n .  The f i g u r e  
shows e x c e l l e n t  agreement of t h e  model data when s c a l e d  to  f u l l  scale us ing  t h e  
s c a l i n g  r e l a t i o n s h i p  from r e f e r e n c e  5. 

Comparison With P r e d i c t i o n  Method 

To f u r t h e r  e v a l u a t e  t h e  s c a l i n g  laws p resen ted  i n  r e f e r e n c e  5, one- th i rd  
oc t ave  band f u l l - s c a l e  airframe sound p r e s s u r e  l e v e l s  were c a l c u l a t e d  us ing  t h e  
NASA Aircraf t  Noise P r e d i c t i o n  Program (ANOPP) desc r ibed  i n  r e f e r e n c e  10. T h i s  
program incorpora t ed  t h e  a i r c r a f t  component ( f l a p s ,  wheels ,  e tc . )  method p red ic -  
t i o n  scheme desc r ibed  i n  r e f e r e n c e  11. A comparison of t h e  p r e d i c t i o n  method 
and t h e  s c a l e d  a i r f r a m e  n o i s e  d a t a  from t h e  0.01-scale  model is shown i n  f i g -  
u r e  21. The s c a l e d  model airframe no i se  d a t a  agree  w i t h i n  3 dB of t h e  ca lcu-  
l a t e d  data over  t h e  scaled frequency range of t h e  i n v e s t i g a t i o n ,  w i th  a s l i g h t  
unde rp red ic t ion  of  t h e  f u l l - s c a l e  d a t a  a c r o s s  t h e  e n t i r e  spectrum. 

CONCLUDING REMARKS 

R e s u l t s  have been p r e s e n t e d  from airframe n o i s e  tests conducted on a 0.01- 
scale model o f  a 747 wide-body t r a n s p o r t  i n  t h e  Langley Anechoic Noise F a c i l i t y .  
The 0.01-scale model had a i r f r a m e  n o i s e  s p e c t r a  similar to t h o s e  of t h e  0.,03- 
scale model p r e v i o u s l y  reported i n  AIAA Paper N o .  77-57. The airframe n o i s e  
l e v e l  w a s  found to  be a f u n c t i o n  of t h e  lead ing-  and t r a i l i n g - e d g e  f l a p  systems. 
The leading-edge f l ap  system dominated a t  t h e  lower frequency range r e p o r t e d  
and t h e  t r a i l i n g - e d g e  f l a p  system dominated a t  t h e  h igher  range. The l and ing  
g e a r  n o i s e  s p e c t r a  cou ld  n o t  be d e t e c t e d  above t h e  background no i se .  For t h e  
c r u i s e  c o n f i g u r a t i o n  t h e  a i r f r a m e  n o i s e  spectrum was no t  comple te ly  d e t e c t -  
able ove r  t h e  background no i se .  R e s u l t s  show t h a t  t h e  airframe n o i s e  d i r e c t i v -  
i t y  p a t t e r n  of t h e  l and ing  c o n f i g u r a t i o n  i n  t h e  f l y o v e r  p l ane  could  be due pri-  
mar i ly  to t h e  deflected t r a i l i n g - e d g e  f l a p s ,  and t h e  o v e r a l l  sound p r e s s u r e  
l e v e l  peaked i n  t h e  forward  quadrant .  The s i d e l i n e  a i r f r a m e  n o i s e  d i r e c t i v i t y  
p a t t e r n  w a s  found to  be  due to both t h e  extended leading-edge f l a p s  and t r a i l i n g -  
edge f l a p s .  R e s u l t s  also show t h a t  independent  of  t h e  model s i z e  t h e  s c a l e d  
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sound pressure level  was d i rec t ly  proportional t o  the f i f t h  power of the flow 
velocity and inversely proportional t o  t h e  square of the distance from the 
source t o  the microphone. The scaled frequency was concluded t o  be di rec t ly  
proportional t o  the velocity. 

Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
April 3, 1981 
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Figure  3 . -  Model. i n  Langley Anechoic Noise F a c i l i t y .  
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F igu re  4.- Schematic  of t e s t  s e t u p .  
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0 Jet  p l u s  s t i n g  

0 Model i n  cru i se  configuration 

Frequency kHz 

Figure 5 . -  One-third octave band spectra  of background no i se  
and model i n  c r u i s e  configuration.  V = 30 m / s .  

Frequency, kHz 

Figure 6 . -  One-third octave band airframe no i se  spectra due to model 
leading-edge f l a p s  for three velocities. 
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Figure 7.- One-third octave band airframe noise spectra due to model 
trailing-edge flaps for three velocities. 

V e l o c i t y ,  m l s  

0 30 

25 

0 20 

I I -~ I I 
1 . 25  2.5 5 10 20 40 

Frequency, kHz 

Figure 8.- One-third octave band airframe noise spectra due to model leading- 
and trailing-edge flaps combined for  three velocities. 
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F igu re  9.- Comparison of one - th i rd  o c t a v e  band a i r f r a m e  n o i s e  s p e c t r a  due t o  
model i n d i v i d u a l  f l a p  systems a t  v e l o c i t y  of 30 m/s.  
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Figure  10.- One-third o c t a v e  band a i r f r a m e  n o i s e  spectra of model i n  l and ing  
- c o n f i g u r a t i o n  f o r  t h r e e  v e l o c i t i e s .  
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Figure 11.- Comparison of one-third octave band airframe noise spectra with model 
in landing configuration and with only flap system at velocity of 30 m/s. 
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Figure  12.- D i r e c t i v i t y  p a t t e r n  i n  f lyove r  and s i d e l i n e  p l anes  f o r  l and ing  
approach conf igu ra t ion .  
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Figure 13.- One-third octave band airframe noise spectra of sideline microphones 
with model in landing configuration at velocity of 30 m/s. 
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Figure 14.- Variation of o v e r a l l  sound pressure l e v e l  with v e l o c i t y ,  with model 
i n  landing configuration and at  overhead pos i t ion .  
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F i g u r e  15.- M o d e l  n o i s e  d a t a  o b t a i n e d  a t  t h r e e  v e l o c i t i e s  and normalized 
to  20 m / s .  
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F i g u r e  16.- One-third o c t a v e  band s p e c t r a  of sound p r e s s u r e  l e v e l  of 0.01-scale- 
model d a t a  scaled t o  f u l l - s c a l e  data, for model w i th  leading-edge f l a p s  
e x  tended. 
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F igu re  17.- One-third octave band spectra of sound p r e s s u r e  Level of 0.01-scale- 
model d a t a  s c a l e d  to f u l l - s c a l e  d a t a ,  f o r  model wi th  t r a i l i n g - e d g e  f l a p s  
extended. 
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F igu re  18.- One-third o c t a v e  band s p e c t r a  of sound p r e s s u r e  l e v e l  of 0.01-scale- 
model d a t a  s c a l e d  to f u l l - s c a l e  d a t a ,  f o r  m o d e l  w i th  both  t r a i l i n g -  and 
leading-edge f l a p s  extended. 
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Figure  19.- One-third o c t a v e  band spectra of  sound p r e s s u r e  l e v e l  of 0.01-scale- 
model d a t a  s c a l e d  t o  f u l l - s c a l e  d a t a ,  f o r  model i n  l and ing  approach 
c o n f i g u r a t i o n .  
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F i g u r e  20.- V a r i a t i o n  of one - th i rd  o c t a v e  band spectra of sound p r e s s u r e  l e v e l  
of 0.01 -scale- and 0.03-scale-model data scaled t o  f u l l - s c a l e  d a t a ,  for 
model wi th  l ead ing -  and t r a i l i n g - e d g e  f laps extended.  

23 



Airframe n o i s e  

SPL 
s c a l e d  t o  

f u l l  scale,  
dB 

A 0.01-scale-model d a t a  s c a l e d  
t o  f u l l  scale 

0 F u l l  sca le ,  c a l c u l a t e d  

A - 
.1 .2 .4 .8 1.6 .05 

70 L I  

Normalized frequency,  kHz 

F i g u r e  21.- Comparison o f  c a l c u l a t e d  o n e - t h i r d  o c t a v e  band f u l l - s c a l e  airframe 
n o i s e  and model a i r f r a m e  n o i s e  s c a l e d  t o  f u l l  scale a t  v e l o c i t y  of 30 m/s .  
M o d e l  i n  overhead p o s i t i o n .  
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