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SUMMARY 

Noise measurements of a stoppable X-Wing ro to r  system model, t e s t ed  i n  t h e  Ames 
40- by 80-Foot Wind Tunnel, a r e  summarized. Performance, cont ro l  system s t a b i l i t y ,  
and noise of t he  model were invest igated a t  var ious forward speeds, t i p  speeds, col- 
l e c t i v e  blade angles ,  j e t  blowing v e l o c i t i e s ,  and model a t t a c k  angles. The model was 
t e s t e d  i n  the ro t a t ing  wing he l icopter  configurat ion,  i n  the  f ixed wing configurat ion,  
and i n  wing c o n f i g u r a t i o ~ s  between t h e  two. Noise da ta  obtained i n  t he  he l icopter  
configuration a t  the  two highest t i p  speeds (Mach 0.44 and 0.47) and a t  wind tunnel  
speeds be1 ow 140 knots a r e  reported. Test configurat ion and performance information 
a r e  included. Fixed wing, low ro to r  t i p  speed, and high forward speed cases  a r e  
excluded because the  background noise  exceeded t h e  model no ise  under those conditions.  
General acoust ic  measurements (dB, dBA, and PNdB) a t  s i x  microphonz loca t ions  a r e  
presented f o r  a l l  condi t ions under which the  background noise  was below t h e  model 
noise.  More s p e c i f i c  measurements (113-octave and blade passage frequency harmonic 
l eve l s )  a r e  presented f o r  se lec ted  conditions.  Graphs of dBA and 113-octave spec t ra ,  1 
which show the  noise  t rends a s  funct ions of operat ing condit ion,  a r e  included. The I 

no ise  depends mainly on the  j e t  blowing ve loc i ty .  The noise  l eve l s  were highest  a t  ! 
1 

moderate j e t  blowing v e l o c i t i e s ,  l e s s  a t  t h e  highest  ve loc i ty ,  and lowest wi th  no 
blowing a t  a l l .  

1 
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SYVBOLS 

coe f f i c i en t  i n  background noise curve f i t  

coe f f i c i en t  i n  background noise curve f i t  

r o to r  l i f t  coe f f i c i en t ,  LIP (QR) S 

ro tor  power coe f f i c i en t ,  P / P ( Q R ) ~  S 

ro to r  force i n  x d i r ec t ion ,  - D / ~ ( B R ) ~  S (pos i t i ve  forward) 

sound speed, m/sec 

mean chord, m 

drag,  N 

sound pressure l eve l ,  20 log (Pms/Pref) 

A-weighted dB with background cor rec t ion  

A-weighted dB without background cor rec t ion  



dBB background sound p r e s s u r e  l e v e l ,  20 l o g  (pms/pref) 

dBC sound p r e s s u r e  l e v e l  w i t h  background c o r r e c t i o n  

dBU sound p r e s s u r e  l e v e l  wi thou t  background c o r r e c t i o n  

L l i f t ,  N 

M t u n n e l  Mach number, V/c 

'at advancing- t ip  Mach number, (1 + v)Mtip 

MSlot  jet Mach number, Vslot / c  

ntip t i p  Mach number, RR/c 

N number of b lades  

P r o t o r  power, W 

PNdBC pei-ceived n o i s e  l e v e l  wi th  backgroucd c o r r e c t i o n  

PNdBU perceived n o i s e  l e v e l  wi thout  background c o r r e c t i o n  

'ref r e fe rence  p r e s s u r e  (0.00002 N/m2) 

Prms root-mean-square sound p r e s s u r e ,  ~ / m '  

R r o t o r  r a d i u s ,  m 

r d i s t a n c e  from r o t o r  hub, m 

S re fe rence  a r e a ,  NER 

V wind tunne l  speed,  knots  o r  mlsec 

" s lo t  j e t  blowing v e l o c i t y ,  mlsec 

x d i r e c t i o n  upstream from hub, m 

Y d i r e c t i o n  l e f t  from hub, looking upstream, m 

z d i r e c t i o n  up from hub, m 

u ang le  of r o t o r  s h a f t  from v e r t i c a l ,  p o s i t i v e  p i t c h  up, deg 

t) blade  p i t c h  ang le ,  deg 

P advance r a t i o ,  V/s!R 

Q a i r  d e n s i t y ,  kg/rn3 

u s o l i d i t y ,  s / ~ R ~  

9 ang le  below r o t o r  p lane ,  tan'l ( -z / r )  , deg 



'4 azimuth ang le  from downstream, tan" (-Y/-x), deg 

R r o t o r  r o t a t i o n a l  speed,  r a d l s e c  

The l i f t i n g  c a p a c i t y  of t h e  r o t o r  on t h e  r - t r e a t i n g  s i d e  of t h z  r o t o r  d i s k  l i m i t s  
t h e  maximum speed of t h e  h e l i c o p t e r  i n  forward f l i g h t .  I n  previous a t t empts  t o  s o l v e  
t h i s  problem and thus  i n c r e a s e  forward speed, coun te r - ro ta t ing  r o t o r s ,  t i l t i n g  
r o t o r s ,  and compound h e l i c o p t e r s  w i t h  n o n r o t a t i n g  wings have been used w i t h  l i m i t e d  
success .  

The X-Wing model, shown i n  f i g u r e  1, has  a  s toppab le  r o t o r .  Four b lades  r o t a t e  
l i k e  those  of a h e l i c o p t e r  f o r  hover and low speed f l i g h t  bu t  they can be  stopped 
and used a s  two obl ique wings f o r  h igh speed forward f l i g h t .  The X-Wing a i r f o i l ,  
shown i n  f i g u r e  ; ,  is used a s  a  r o t o r  o r  as a  wing, w i t h  t h e  l i f t  producing a i r f l o w  
going e i t h e r  d i r e c t i o n  over t h e  a i r f o i l .  This  d u a l  d i r e c t i o n  a i r f l o w  is  p o s s i b l e  
because t h e  cambered e l l i p t i c  a i r f o i l  has  upper s u r f a c e  blowing a t  b o t h  t h e  l ead ing  
and t r a i l i n g  edges. Compressed a i r  i s  ducted through t h e  a i r f o i l  and blown over  t h e  
t r a i l i n g  edge t o  produce c o n t r o l l a b l e  l i f t  by t h e  Coanda e f f e c t ;  t h i s  technique,  
desc r ibed  by Cheeseman ( r e f .  l ) ,  i s  a l s o  known as c i r c u l a t i o n  c o n t r o l .  A more 
d e t a i l e d  d e s c r i p t i o n  of the X-Wing a i r c r a f t  is  given i n  r e f e r e n c e  2.  

X-Wing no i se  may be  expected t o  d i f f e r  from convent ional  h e l i c o p t e r  r o t o r  noibe.  
F i r s t ,  t h e  use of c i r c u l a t i o n  c o n t r o l  achieves  good r o t o r  performance whi le  t h e  r o t o r  
i s  opera t ing  a t  low t i p  speeds.  Lowering t h e  t i p  speed rsduces n o i s e  from a l l  of t h e  
convent ional  sourcep and.reduces t h e  convect ive  a m p l i f i c a t i o n  f a c t o r .  Second, c i rcu-  
l a t i o n  c o n t r o l  in t roduces  s e v e r a l  new sources  of nbise :  a l l  of t h e  n o i s e  sources  
a s s o c i a t e d  w i t h  t h e  j e t  blowing, t u r b u l e n t  mixing, shear- layer  i n s t a b i l i t i e s ,  and 
nozz le  l i p  n o i s e ,  which add t o  t h e  broadband noise .  

EXPERIMENT 

Model 

The X-Wing model ( f i  g. 1)  c o n s i s t s  of a  7.6-m diameter r o t o r  above a  s t reaml i  .ned 
fuse lage  mounted on t h r e e  s t r u t s  i n  t h e  wind tunne l .  An e l e c t r i c  motor i n s i d e  t h e  
fuse lage  powers t h e  r o t a t i n g  s h a f t .  During hover and low speed f l i g h t ,  t h e  four  
b lades  r o t a t e  a s  they would on a  convent ional  h e l i c o p t e r ;  however, dur ing  h igh  speed 
f l i g h t ,  t h e  conf igura t ion  of t h e  four  r o t o r  b lades  is  changed, and they a r e  used a s  
two f ixed ,  ob l ique  wings t h a t  c r o s s  a t  t h e  c e n t e r  of t h e  fuse lage .  The cambered 
e l l i p t i c  a i r f o i l s  ( f i g .  2 )  provide l i f t  i n  a l l  conf igura t ions ;  s l o t s  on b o t h  edges of 
the  top  s u r f a c e s  of t h e  a i r f o i l s  a l low j e t s  t o  provide c i r c u l a t i o n  c o n t r o l .  A i r  f o r  
c i r c u l a t i o n  c o n t r o l  was suppl ied by two compressors loca ted  below t h e  wind t u n n e l  
f l o o r .  Th i s  a i r  was ducted through t h e  f l o o r ,  up a s t r u t ,  through t h e  model t o  t h e  
r o t o r  hub, and thence t o  t h e  r o t o r  wing. Valves a t  t h e  hub c o n t r o l  t h e  a i r  d i s t r i b u -  
t i o n  t o  produce c o n t r o l l e d  j e t  blowing a t  t h e  t r a i l i n g  edge s l o t  of each s i r f o i l .  
The repor t  by BalLard et a l .  ( r e f .  3) c o n t a i n s  a more d e t a i l e d  d e s c r i p t i o n  of the  
mode 1. 



Acoustic Equipment 1 :. 

Acoustic d a t a  were acquired wi th  s i x  1.3-cm condenser microphones equipped w i t h  
nose cones t o  reduce a i r f l o w  n o i s e  on t h e  microphones. Figure  3 and t a b l e  1 show t h e  
l o c a t i o n s  of t h e  s i x  microphones. Four microphones were loca ted  upstream of t h e  
model, and two microphones were loca ted  c l o s e  t o  t h e  model. Deta i led  measurements 
a r e  shown i n  t h e  f i g u r e s  and appendixes f o r  t h e  microphones c i r c l e d  i n  f i g u r e  3. 
S igna l  c o n d i t i o n e r s  powered t h e  microphones and c o n t r o l l e d  t h e  gain  of t h e  a c o u s t i c  
s i g n a l .  A 14-track FM t a p e  recorder ,  running a t  15 i p s  t o  g ive  a bandwidth of 
10 kHz, was used t o  record t h e  a c o u s t i c  s i g n a l s .  The s i g n a l s  were monitored befor?  
and a f t e r  r ecord ing  wi th  a dual-channel o s c i l l o s c o p e  and nar rowband  ana lyse r .  
Figure  4 is a schematic of t h e  d a t a  a c q u i s i t i o n  system. 

T e s t  

The performance, c o n t r o l  system c a p a b i l i t i e s ,  and n o i s e  of t h e  X-Wing model were 
measured i n  t h e  Ames 40- by 80-Foot Wind Tunnel. The model was t e s t e d  f o r  changes 1 
w i t h  t h e  fol lowing parameters: forward speed,  t i p  speed,  l i f t  c o e f f i c i e n t ,  j e t  pres- 
s u r e  r a t i o ,  and model a t t a c k  angle .  T e s t i n g  included t h e  r o t a t i n g  and f i x e d  wing 1 

! conf igura t ions  and t r a n s i t i o n s  between t h e  two. A more d e t a i l e d  d e s c r i p t i o n  of t h e  
test is i n  re fe rence  3. < 

i 
During each s teady  c o n d i t i o n ,  a 30-sec sample cf a c o u s t i c  d a t a  was recorded f o r  1 

l a t e r  a n a l y s i s .  To a s s u r e  a maximum signal- to-noise  r a t i o ,  t h e  ga in  of t h e  a c o u s t i c  ! 
s i g n a l  was ad jus ted  i n  10-dB i n t e r v a l s .  A l l  of t h e  microphones were c a l i b r a t e d  each 
day w i t h  a 124-dB, 250-Hz s i g n a l  from a pistonphone. Background wind tunne l  n o i s e  i 
was recorded a t  60,  90, 120, and 180 knots  whi le  t h e  model was i n s t a l l e d  i n  t h e  wind 

! 
tunne l  wi thout  r o t o r s .  c 

! 

Acoustic Data Reduction 

Thz a c o u s t i c  da ta  were i n i t i a l l y  reduced and analyzed o f f - l i n e  on a minicomputer. ] 
The recorded d a t a  were played back through an  a n t i - a l i a s i n g  f i l t e r  and d i g i t i z e d  t o  I 

go i n t o  t h e  minicomputer. The minicomputer generated 113-octave s p e c t r a  from 1-Hz 
I 

s p e c t r a  in t h e  range of 10 t o  1000 Hz and from 10-Hz s p e c t r a  i n  t h e  range of 1 t o  
1 
1 

10 kHz. From t h e  113-octave s p e c t r a ,  t h e  minicomputer computed dB, dBA, and PNdB. 
The f i r s t  10 b lade  passage harmonics were computed from t h e  1-Hz, narrow-band s p e c t r a .  ' i The computed a c o u s t i c  d a t a  were t r a n s f e r r e d  i n t o  a computer wi th  t h e  d a t a  base con- 
t a i n i n g  a l l  of t h e  t e s t  parameters measured. Background n o i s e  c o r r e c t i o n s  were made 
t o  t h e  11'3-octave spec t ra .  The background n o i s e  measurements were f i t t e d  t o  a l i n e a r  I 
r eg ress ion  of t h e  form ! 

and s u b t r a c t e d  from t h e  measured s p e c t r a  on a power b a s i s  f o r  each 113 octave,  

b - 
Graphs and t a b l e s  were cons t ruc ted  from t h i s  l a r g e r  d a t a  base .  A flow c h a r t  of t h e  1 ' 

1 %. 

equipment used f o r  d a t a  reduc t ion  is shown i n  f i g u r e  5. 
4 



RESULTS 

General  r e s u l t s  f o r  t h e  X-Wing measurements when t h e  model n o i s e  was above t h e  I 

background n o i s e  a r e  presented i n  appendix A. Conf igura t ion  parameters ,  p e r f o n a n c e  I 
I 

measurements, and t h e  g l o b a l  a c o u s t i c  measurements ( c o r r e c t e d  and uncorrected dB, 
I 

dBA, and PNdB) a r e  shown f o r  a l l  of t h e  microphofies. The d a t a  shown a r e  from r o t a t i - i g  I 

r ocor  c o n f i g u r a t i o n s  w i t h  forward speeds of 60,  90, 120, and 140 knots .  A t  h i g h e r  
wind speeds and f o r  t h e  f i x e d  wing c o n f i g u r a t i o n ,  t h e  measured n o i s e  was 3 dB o r  l e s s  
above t h e  background no i se .  A t  t h i s  l e v e l  t h e  measurements become u n c e r t a i n ,  s o  o n l y  
a  few r e p r e s e n t a t i v e  ones are included.  

The g e n e r a l  t r e n d s  i n  t h e  g l o b a l  d a t a  a r e  shown i n  f i g u r e s  6  through 9. Data 
from microphone 3 ,  upstream of t h e  r o t o r ,  and from microphone 6 ,  under t h e  r o t o r ,  a r e  
p l o t t e d  i n  t h e  f i g u r e s .  The uncorrected dBA i s  shown a s  a f u n c t i o n  of j e t  blowing 
Mach number i n  f i g u r e  6 .  Data from wind t u n n e l  speeds of  60,  90, and 120 kno t s  a r e  
shown. The d a t a  were c o l l e c t e d  from c o n f i g u r a t i o n s  w i t h  r o t o r  ang les  of a t t a c k  from 
-4" t o  4O, w i t h  b lade  c o l l e c t i v e  p i t c h  of -3" t o  3",  and a t  a  t i p  Mach number of 0.47. 
The n o i s e  l e v e l  is i n s e n s i t i v e  t o  r o t o r  a n g l e  of a t t a c k ,  and is  lowest  w i t h  no j e t  
blowing, i n c r e a s e s  wi th  j e c  blowing t o  a  maximum a t  about Mach 0 . 7 ,  and then dec reases  
wi th  inc reased  subsonic  blowing. Figure  7  d i s p l a y s  uncorrected dBA a s  a  func t ion  of 
tunnel  wind speed f o r  microphones 3 and 6. With j e t  blowlng, t h e  n o i s e  l e v e l  i s  con- 
s t a n t  below 90 kno t s  and i : lcreases above 90 kno t s .  Without blowing, the  no i se  l e v e l  
i n c r e a s e s  wi th  forward speed w i t h i n  t h e  e n t i r e  range of 60 t o  180 knots .  F igures  8 
and 9  show the  uncorrected dBA a s  a  f u n c t i o n  of r o t o r  l i f t  c o e f f i c i e n t  a t  60 kno t s .  
The r o t o r  l i f t  i s  a  func t ion  of j e t  blowing, c o l l e c t i v e  p i t c h ,  and s h a f t  angle .  Data 
a r e  grouped by cons tan t  c o l l e c t i v e  p i t c h  s e t t i n g  i n  f i g u r e  8 and by c o n s t a n t  j e t  blow- 
ing v e l o c i t y  i n  f i g u r e  9. The c o l l e c t i v e  p i t c h  does not  show any c o r r e l a t i o n  wi th  t h e  
no i se  l e v e l s  f o r  t h e  range t e s t e d ;  however, t h e  j e t  blowing does c o r r e l a t e  w i t h  t h e  
no i se  l e v e l s ,  g iv ing  t h e  h ighes t  n o i s e  l e v e l s  a t  a  Mach number of 0.54 f o r  t h e  s l o t t e d  
j e t .  

Appendix B p r e s e n t s  more d e t a i l e d  a c o u s t i c  d a t a  f o r  s e l e c t e d  d a t a  p o i n t s .  These 
d a t a  a r e  f o r  va r ious  wind speeds ,  j e t  blowing v e l o c i t i e s ,  and ang les  of a t t a c k ;  t h e  
d a t a  a r e  from microphones 3  and 6 .  The t a b l e  i n  appendix B shows 113-octave s p e c t r a ,  
113-octave s p e c t r a  c o r r e c t e d  f o r  background n o i s e ,  and t h e  f i r s t  1 0  b lade  passage 
harmonic sound l e v e l s .  

The background no i se  used f o r  c o r r e c t i o n s  on microphones 3  and 6  is  presented i n  
appendix C.  I n  each 113-octave frequency,  t h e  background n o i s e  was f i t t e d  t o  a  curve  
of t h e  form 

dB = A + B * log(V) 

The curve  f i t s  a r e  e x c e l l e n t  above 250 Hz. A t  lower f requenc ies ,  t h e  f i t  is no t  a s  
good because t h e  spectrum is  dominated by t h e  r o t a t i o n a l  n o i s e  of t h e  t u n n e l  d r i v e  
system; t h e  frequency,  as w e l l  a s  t h e  ampl i tude,  i n c r e a s e s  a s  t h e  t u n n e l  v e l o c i t y  
i n c r e a s e s .  Th i s  ill f i t  i s  of no consequence, because a t  low f requenc ies  t h e  r o t o r ' s  
r o t a t i o n a l  harmonics dominate, and they a r e  of h igher  ampl i tude than t h e  background 
noise .  

Figure  10 shows 113-octave s p e c t r a  a s  func t ions  of j e t  Mach number. Data f o r  
microphones 3  and 6  a r e  shown f o r  wind tunne l  speeds of 60,  90, and 120 kno t s  and f o r  
ang les  of a t t a c k  of 0' and 4".  The curves  show t h e  background n o i s e  and t h e  measured 
n o i s e  from t h e  model w i t h  j e t  Mzch numbers of 0 .0 ,  0.54, and 0.76. I n  a l l  c a s e s  and 
throughout t h e  frequency range,  model n o i s e  l e v e l s  w i t h  j e t  blowing f o r  c i r c u l a t i o n  



c o n t r o l  exceed n o i s e  l e v e l s  wi thout  jet blowing. The tones  from t h e  a i r  compressor 
inc reased  t h e  l e v e l  a s  much a s  15 dB a t  t t , ~  3125-Hz and 6300-Hz 113-octave l e v e l s  
where t h e  compressor b lade  harmonics e x i s t .  Noise l e v e l s  a r e  h ighes t  throughout t h e  
e n t i r e  frequency range f o r  t h e  i n t e r m e d i a t e  j e t  Mach number of 0.54. 

Figure 11 shows t h e  113-octave s p e c t r a  as func t ions  of r o t o r  a n g l e  of a t t a c k .  
Each f i g u r e  d i s p l a y s  t h e  113-octave s p e c t r a  a t  ang les  of a t t a c k  of 4", 0 ° ,  and e i t h e r  
-2" o r  -4" at  a f i x e d  wind tunne l  speed and j e t  blowing Mach number. Spec t ra  a r e  
shown fo: wind tunne l  speeds of 60 o r  120 knots  and f o r  j e t  Mach numbers of 0.0, 0.54, 
and .;,76. The ang le  of a t t a c k  has  l i t t l e  e f f e c t  on t h e  n o i s e  s p e c t r a  except a t  one 
condi t ion:  a t  60 kno ts  w i t h  no j e t  blowing, t h e  -4" a n g l e  of a t t a c k  h a s  h igher  n o i s e  
l e v e l s  i n  t h e  mid-frequency range. 

CONCLUDING REMARKS 

Noise measurements were made on a  7.6-m-diameter model X-Wing r o t o r  i n  t h e  Ames 
40- by 80-Foot Wind Tunnel. General n o i s e  measurements (dB, dBA, and PNdB f o r  uncor- 
r e c t e d  and background cor rec ted  n o i s e )  a t  a l l  microphone l o c a t i o n s  and s p e c i f i c  
n o i s e  measurements (biade-passage harmonic s p e c t r a  and uncorrected and background 
c o r r e c t e d  113-octave s p e c t r s )  f o r  two r e p r e s e n t a t i v e  microphones a r e  presented.  With 
t h e  model i n  t h e  f i x e d  wing c o n f i g u r a t i o n  o r  a t  forward speeds above 120 kno ts ,  t h e  
model no i se  was below t h e  background tunne l  no i se .  X-'Jing n o i s e  depended mainly on 
t h e  j e t  blowing. Noise l e v e l s  were lowest  without any j e t  blowing, h ighes t  w i t h  some 
jet blowing, and in te rmedia te  w i t h  high subsonic  j e t  blowing. C o l l e c t i v e  b lade  p i t c h  
changes had l i t t l e  e f f e c t  on t h e  n o i s e  f o r  t h e  range t e s t e d ,  namely -3' t o  3". Noise 
l e v e l s  remained cons tan t  w i t h  changes i n  ang le  of a t t a c k  i n  t h e  range of 4" t o  -4" 
and inc reased  w i t h  inc reased  forward speed. 

The X-Wing r o t o r  has t h e  p o t e n t i a l  of be ing  q u i e t e r  than convent ional  r o t o r s ;  
according t o  Mosher ( r e f .  4 ) ,  i t s  n o i s e  l e v e l s  a r e  l e s s  than those  of a modern h e l i -  
c o p t e r  a t  moderate and high forward speed.  

Ames Research Center 
Nat ional  Aeronautics and Space Adminis t ra t ion 

Moffet t  F ie ld ,  C a l i f o r n i a  94035, November 1982 
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DETAILED ACOUSTIC MEASUREMWTS OF SELECTED POINTS 

SYMBOLS 

ALPHA model pitch, posit ive up, deg 

CLR l i f t  coeff icient 

MSLOT blowing jet Mach number 

POINT point number 

RUN runnumber 



ORIGIN!Yi PAGE W 
OF POOR QUALITY X-W 1NG ACOUST lC D A T A  

POINT V E L O C I T Y  ALPHA 
5 60.0 -4 0 

C L R  MSLO1 
-0 eOA944 0.04 

R i  PDE 
F A S  S A Z C  

tiAk.qilLhi IC. S 



X-* ARC ACUUSTIC U A T A  

h UU POINT V L L J L I  I Y  ALPHA CL R MSLUT 
24 1 "  54.8 -2.3 3. 3a092 0. 150 

1 / 3  C C T A V F  M16kkPHf~Nt  3 MACRUPHbNE 6 
C E k T t ' "  

FtckULifNCF UNCLhHEC1 EU C O A h t C T  E.) 3 N C O K K E C  TED CORHEC T f  r )  



ORlGiNkL P;;:l.I 
OF, POOR QUALlfY 

H bY POI NT V E L O C I f V  ALPHA CL R M S U T  
2 4  4 60.5 0.0 -dr01019 0.30 





HUN 
2 4  

1/3 OCTAVF  
CENTER 

FREQUENCE 

X-W SflC OAT 

ALPHA 
0.0 



- ---. 
X - h I N G  ACOUSTIC OATA 

RUN P O I N T  V E L O C I T Y  ALP HA CL R HSLOT 
24 14 66.2 0.0 0.08270 0.764 

1/3 OCTAVE HICROPHONE 3 ?4lCROPm)h(E 6 
CENTER 

FREQUENCE UNCCRRECTED CORHECTEO UNCORRECTED CORRECTED 

HLADE 
P A S S A G E  

HAHMCY ICS 



RUN PPINT V E L O C I T Y  ALPHA CL R MSLJT 
24 6 60.3 4.3 -9 a00213 3 *3* 

1/3  O C T A V E  MICHOPHUNE 3 MICRGPHCkE 6 
CC h T E P  

FRkUUENCE UNCLWECIED C O l i K E C f  € 0  L~NCOAHECTED COHkECTt3 



RUN P O I  N f  V E L O C I T Y  ALPHA CL 'I MSLOT 
2 4  17 59.6 4 00 3.03781 0 543 

1/3 CCTAVF MICROPHONE 3 MIcRUPHONE 6 
CENTER 

f REQUFNCE UNCGkHECTED COHRECTEO UNCORRECTED COHHEC TED 



RUN 
2 5 

1 / 3  CCTAVF 
CE N f  ER 

6HEQUFNCF 

U L A O E  
P A S  SAGF 

h A P M O N I C S  

X-nlhG ACOUSTIC DATA 

P O I P T  VELOLITY ALPHA 
6 6 0 2 4.0 

UNCLKHECTED COAKECTED 



ORIGINAL PAGE Is 
X-WI NG ACOUSTIC OAT A OF POOR QUALITY 

R U N  POINT V E L O C I T Y  ALPHA 
24 20 60.3 4.0 

1/3 OCTAVF HlCkOPHONE 3 
CENTER 

FREOUENCE UNCORRECTED CORREC 1 ED 

b~ ADE 
P A S  S4;F 

t IAhMCNICS 

UNCORRECTED CORRECf EU 



ORlGnNAL PAW I8 
OF POOR QUALm 

X-rAN6 A C O U S T I C  DATA 

RUN POIFST VELLJCITV ALPHA CLR MSLUT 
2 5  12 90 02 0.3 -5001459 0004 

1 /3  OCTAVE MICHGQHONt  3 MICROPHONE 6 
CENT €6 

Fk EuUENCE 1 N C C R k t C T  ED CURHECT € 0  UNCORRh.1 ED COACltCTEO 



A H -  
- -  . 



X-klNG ACOUSTIC OATA 

1 1 3  OCTAVE 
CENTER 

FREOUENCE 

BLADE 
P A S  SAGE 

ttAHli;ONICS 

P O I N t  VELUC 1 f Y ALPHA 
17 90.6 0.3 

ORIO1NAL PAGE 8s 
OF: POOR QUALITY 

MICROPHONE 6 



RUN POINT VELOCITY ALPHA CLR  SLOT 
25 14 90.8 0.0 0 -06282 0.696 

113. OCTAVE MICROPHONE 3 MlCROPHONf 6 
CENTER 

FREQUENCE IJNC[rWRECTED CORREC TEO UNCORRECTED CORRECT ED 

MICROPHONE 3 MICROPHONE 6 



ORlQlNAL PAGE 
X-HING ACOUSTIC OATA OI: POOR QUALITY 

R UN P O I N T  V ELOC t TY ALPHA CL R HSLOT 
2 5  19 ~19 .8  0.0 -0 001 465 OeOe 

1/3 CCTAVE HICROPHONE 3 HICROPHONE 6 
CE kT ER 

FREQUENCF UNCORRECTED CORRECT €0 UNCORRECTED COHRtCTEO 

BL ADE 
P AS SAGF 

HARMOhSICS 



! X-NING ACOUSTIC DATA 
! 

RUN Pn INT  VELOCITY ALPHA 
2 7 24 119.7 0.0 

' 11 3 OCTAVE H I C R O Y W N t  3 
CENT € 6  

CHEOUENCF UNCbHHECTED CORRECT ED 

64.9 
86.0 
860 9 
153.2 
94.9 
98.6 
0.0 

133. 6 
ia2.2 
980  7 
ns.0 
103. 2 
96.9 

ldO. 9 
99. 6 

LOO. 1 
99.2 
100. 1 
141.6 

99.4 
99.4 
95.9 
'37.2 
96.7 
101.5 
94.1 
91.2 
8716 

0.0 
9.3 

ORIGINAL' PAGE B 
OF POOR QUALITY 

CLR MSLW 
3.03387 0. 549 

MICROPHONE 6 

UNCORRECTED CORRECTED 



RUN 
27 

113 OCTAVE 
CEhTER 

FHEUUENCF 

BL A D €  
PAS SASF 

HAHHONIC S 

301NT V€LlJClf Y ALPHA 
22 12o.0 0.0 

WCCtRHECT t D  CORRECTED 

CL R MSCOT 
3 a04582 0.647 

MICRWHCNE 6 

UNCORRECTED CORHECTEU 

89.4 82.9 
8d 8 06 5 
92 3 64.8 
99 e 8  96.5 

108. b iOIL.4 
100.1 99 . 2 
95.7 0.0 
98. il 95.5 

m 

\ 
,' 

.. 

104. 1 1oa.o 
102 4 9 7  .(l 
102 4 92 e 2  

I ? 

102- t 91.3 I : 
103.3 130.3 
135.9 184 5 
103. 4 101.5 
1330 1 102 02 ! 

t 101.3 9 d  a 9  
100.5 97 $ 1 

103 1 10105 I 
l O i e 7  100.0 
100,b W e 6  
103.2 102.1 
103.3 102.5 
101.3 100.5 i 

107.6 101.4 
99.9 98.8 i 1 
98.1 91.3 

100.0 99.1 
I 

! 

95 e S  91.7 
94, L 05.2 



RUN 
27 

1/3 OCTAVE 
CENf ER 

FREQUENCE 

BL bn€  
P A S  SAGE 

HARMONICS 

X-UING ACOUSTIC OATA 

POINT VELOCITY ALPHA CL R HSLUT 
5 120.2 Om0 0 06070 0.751 

UNCOHRECttD CORRECT € 0  UNCORRECT €0  CONRECTEU 

88.9 
79.7 
0.0 

100. 3 
97.8 

104-5 
0.0 

106.6 
LOO. 7 
lo+* 1 
0.0 
93. 9 
102.5 
lO3eb 
98.3 
102.1 
94.9 
95.3 
82.5 
94.8 

LOO. 3 
94.5 
9 3.9 
91.5 
94.7 
91.9 
'+0*8 
86.6 
06.6 
0.0 



X-klkb A C O U S T I C  DATA 

1 /3  OCl AVE MICKCYHDkf 3 
C t  hitEP 

FR ti;UFNCF UNCLHnECffU C ~ K H E C T E D  

89.0 
83.6 

0.0 
I). 0 

92 .  b 
37.6 

0.0 
133.4 
96.3 

102.3 
3.0 

93.3 
97.6 

130.5 
o m  0 

96.7 
93.2 
92.9 
0.0 
94.1 
9 6 .  7 
34 .3  
u i . 4  
91.1 
RYm 1 
9 1.2 
8 5 . 4  

0.0 
0.3 
3.0 

MICRUPHGNE 6 I 
UNC ORR EC 7 t D 



X-WING ACOUSTIC D A T A  

H UN P O I N T  VELOCITY ALPHA CL (i HSCOI  
2 7 19 120.2 4.0 0 33642 0.559 

113 OCTAVE MlCROPHUNt 3 MICRUQHCNE 6 
CE Qf EF. 

FREQUENCE UhCGRR ECT ED CURRECT ED UNCORRECTEU CGRHtC TE ;) 

OL ant 
P A S  SAGE 

HARMbEJ IC S 
MiCRGYHbhL 3 MICRGPHONE 6 



X-riNC ACOUSTIC DATA 

1/3 OCTAVE 
CENTER 

fRtQbENCF 

B L A D E  
P A S  SAG[ 

r iAHMCY l C C  

POINT VELCC I TV ALPHA 
1 5  120.2 6.0 

UNCGRRECTEO CORRECTED 



X-WING ACOUSTIC DATA 

RU1(1 POINT VELOCITV ALPHA 
27 27 119.6 4.0 

1/3 OCTAVE NICROPHONE 3 
CENTER 

FREQUENCE UNCORRECTLO CORREC 1 ED 

BL AD€ 
P AS SAGE 

. HARMONICS 
MICROPHONE 3 

CL R m o t  
0 006078 0. 736 

WICROPHONE 6 

UNCORRECTED CORRtCf €0 

MICROPHONE 6 



X-wlNG ACOUSTIC DATA 
ORIQINAL PAGE IS 
OF POOR QUALlTV 

k (rN POINT VELOCITV ALPHA CL R USLOT 
27 31 139.6 0.0 -0.02178 0.08 

1/3 OCTAVE 
CENT EP 

FHEQUENCE 

PL ADE 
P A S  SAGE 

HARMON i C  S 

MICROPHONE 3 

UNCURRECTED CORRECTED 

MICROPHONE 6 

UNCORRECT €0 CORRECT ED 



r:-, ....,* .,.. .- .-.."..... , . . . . . . . - - -  :I 
i 

ORIGINAL r&i it$ 
' ! . i OF: POOR QUALITY 

i X-dING A C O U S T I C  OATA 
i .  

RUN POINT VELOC 1 TY ALPHA CL R MSLOT 
27 35 140.0 0 00 O.01675 0. 536 

1/ 3 OCTAVE HICRGPHONE 3 MlCROPHGNk 6 
CENTER 

FREQUENCE UNCbRRECTED COkRECTED 3NI;ORRECTED CORRECTEO 

BLAOE 
P A S S 4 G E  

HARMONICS 
MlCHOPHONE 3 MICROPHONE 6 



8-UllG ACOUSTIC OATA I 
R UN P O I  N f  VELOCITY ALPHA CL W HSLOT 
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TABLE 1. - MiCROPHONE WCATIONS 

MIcrophone 

1 
2 
3 
4 
5 
6 

X, m 

15.5 
15.5 
15.5 
19.2 
5 
2.7 

y, m 

-4.9 
00 

4.9 
m o  

3.1 
5.5 

e, m 

-3.3 
-3.5 
-3.3 

3.9 
-4.4 
-3.3 

8, deg 

11 
12 
11 
11 
35 
34 

r, m 

1 7 5  
16.8 
17.5 
20.5 

7.7 
5.9 

$, d e ~  

164 
180 
196 
180 
265 
242 

L 





Figure 3.- Microphone locations. 
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