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RYE CANYON X-KING NOISE TEST: ONE-THIRD OCTAVE BAH) DATA 

W i l l i a m  L. U i l l s h i r e  Jr. 

Langl ey Research Center 

This report contains resul ts o f  113-octave band analyses of  acoustic 
data obtained f o r  the 25 ft. diameter X-wing ro to r  model during performance 
tes t ing  o f  the ro tor  system i n  hover. The X-wing acoustic data were 
col lected a t  the Lockheed-Cal i forn i  a Conpany Rye Canyon Research 
Laboratories outdoor whir l  tower t es t  faci 1 t y  wi th a twelve microphone 
array. Data were taken for  approximately 150 t es t  conditions comprised o f  
various combinations o f  RPM, blade pressure r a t i o  (BPR), and blade angle o f  
attack (col lect ive). The three t e s t  parameters had the fo l lowing values: 
four values of RPM from 404 t o  497, twelve values of BPR f ran 1.0 t o  2.1, 
and s i x  values of co l lec t i ve  from 0.0 t o  8.5 deg. 

Fif teen t o  twenty seconds o f  acoustic data have been reduced t o  obtain 
an average 1/3-octave band spectrum for each microphone f o r  each tes t  
condition. The complete, as measured, 1/3-octave band resu l ts  f o r  a l l  the 
acoustic data are l i s t e d  i n  the appendix. Another part  o f  the X-wing noise 
t e s t  was the acoustic ca l ib ra t ion  of the Rye Canyon whir l  tower bowl. 
Corrections have been computed which, when applied t o  as measured data, 
y i e l d  estimates o f  the f ree - f ie ld  X-wing noise. The free-f ie1 d estimates 
provide a more real i s t i c  measure of  the ro tor  system noise levels. Trend 
analysis o f  the three t es t  parameters on noise level  were performed. 
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INTRODUCTION 

The X-wing r o t o r  system i s  a c i r c u l a t i o n  cont ro l  ro to r  which holds 
much promise f o r  f u tu re  conver t i  plane ( ve r t i ca l  and conventional f l  i g h t  
capable) a i r c r a f t  (ref.  1). The X-wing c i r c u l a t i o n  contro l  concept uses 
leading and t r a i l i n g  edge b l  w i n g ,  as wel l  as t i p  blowing, on a four-bladed 
r o t o r  t o  achieve l i f t  and control .  For v e r t i c a l  f l i g h t  the X-wing r o t o r  
operates very s i m i l a r l y  t o  a conventional r o t o r  except t h a t  c y c l i c  con t ro l  
i s  provided through d i f f e r e n t i a l  blowing of the r o t o r  edges. For sustained 
forward f l i g h t  the X-wing r o t o r  i s  stopped i n  f l i g h t  and f i x e d  i n  an ' x '  
pos i t i on  w i th  respect t o  the fuselage. I n  t h i s  mode of operation the energy 
o f  the  turbo-fan engine i s  d iver ted from tu rn ing  the r o t o r  t o  p rov id ing  f o r -  
ward thrust.  The blade t i p  and edge blowing are s t i l l  employed t o  provide 
l i f t  and control .  The X-wing concept i s  a t t r a c t i v e  t o  and being pursued by 
the  United States Navy as a means o f  prov id ing e f f i c i e n t  v e r t i c a l  l i f t  
combined w i th  f w a r d  f l  i g h t  capable a i r c r a f t  which may operate from smaller 
ships. 

The X-wing noise t e s t  provides an opportunity t o  inves t iga te  the noise 
produced by a new r o t o r  concept. The noise produced by such a r o t o r  system 
should be a combination of some o f  the noise mechanisms o f  conventional 
r o t o r  systems and w i th  those noise mechanisms associated w i t h  the  edge 
blowing. The p o s s i b i l i t y  ex is ts  tha t  the noise o f  a c i r c u l a t i o n  contro l  
r o t o r  may be less  than t h a t  o f  a conventional r o t o r  system because o f  i t s  
d i f f e r e n t  operating character is t ics.  Another reason f o r  tak ing  and reducing 
the X-wing noise data was t o  develop empir ical  noise versus performance 
parameter t rend curves. These noise t rend curves w i l l  be considered by the 
Defense Advanced Researcn Projects Agency (DARPA) i n  the design o f  a f u l l  
scale X-wing ro to r  t o  be b u i l t  and flown on the Rotor System Research 
A i rc ra f t  (RSRA). 

Noise data were recorded f o r  the 25 ft. diameter X-wing r o t o r  mods1 
dur ing performance t e s t i n g  o f  the ro to r  system i n  hover. The performance 
tes ts  were conducted by the Lockheed-California Company fo r  DARPA a t  
Lockheed's Rye Canyon Research Laboratories outdoor wh i r l  tower t e s t  f a c i l -  
i t y .  The X-wing noise tes ts  were a lso performed by Lockheed personnel under 
contract t o  DARPA using monies provided by NASA h e s  Research Center and 
were conducted i n  conjunct ion w i th  performance tes ts  nn a non-interference 
basis. NASA Langley Research Center provided an on s i t e  acoustic engineer 
and accepted responsi b i  1 i t y  for  reduction, analysis, and repor t ing  o f  the  
X-wing noise data. 

The next section o f  the paper describes the experimental setups f o r  the 
X-wing acoustic data a c q u s i t i ~ n  and bowl ca l i b ra t i on .  Discussion o f  t he  
data reduction and f ree - f i e ld  correct ions follow. The resu l t s  o f  the t e s t  
parameter-noise t rend curves are given next. The paper i s  then summarized 
w i th  a concluding remarks section. A complete l i s t i n g  of the as measured 
1/3-octave band resu l t s  i s  given i n  the appendix. 
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Experimental Setup 

The X-wing noise t e s t  was conducted a t  t he  Rye Canyon wh i r l  tower 
between t h e  10th and 30th o f  h r c h ,  1982. A complete descr ip t ion  o f  t he  
experiment may be found i n  the contractor 's  repor t  describing the noise t e s t  
(ref.  2). lhe  performance data taken during the  X-wing noise t e s t  a re  given 
i n  reference 3. The wh i r l  tower a t  Rye Canyon i s  s i tua ted  i n  a bowl or hole 
i n  the ground. Figure 1 i s  a photograph of the f a c i l i t y .  The bowl was man- 
made from a natura l  ravine a t  the s i te .  The shape of the bowl i s  roughly 
hemispherical w i t h  a f l a t  bottom (see f igures  2 and 3). The f l oo r  i s  made 
o f  asphalt and concrete. The wal ls  o f  the b w l  are natural  s o i l  and vegeta- 
t i o n  w i th  two concrete drainage d i tches and a road running around the bowl. 
I n  the center o f  the bowl i s  the wh i r l  tower which i s  a massive s o l i d  metal 
s t ruc ture  w i t h  a movable gantry. The gantry may be seen i n  f igure  1 located 
t o  the l e f t  o f  the wh i r l  t w e r .  A two story contro l  bu i l d ing  may also be 
seen t o  the  r i g h t  i n  the  f igure. The Rye Canyon wh i r l  tower f a c i l i t y  was 
not designed f o r  acoustics. The presence of the bowl wal l  s, the massive 
model support tower, and the contro l  bui 1 ding undoubtedly had an in f luence 
on the measured dcoustic dat8. 

The X-wing noise t e s t  consisted o f  measuring the f a r - f i e l d  noise w i th  
eleven microphones and the nea r - f i e ld  noise w i th  a s ing le  microphone. Ten 
o f  the f a r - f  i e l  d m i  crophones were deployed i n  two i den t i ca l  f i  ve-element 
arrays posit ioned r a d i a l l y  from the wh i r l  tower a t  d i f fe ren t  azimuthal 
angles. The microphone posi t ions are i 11 us t ra ted  i n  f i gu re  2. Microphones 
1 through 5 are re fer red  t o  as Array A whi le  nunbers 6 t o  10 are c a l l e d  
Array B. I n  both arrays the three microphones c losest  t o  the wh i r l  tower 
were o f  t he  one microphone diameter inver ted- f lush  mount& type and posi -  
t ioned on the bowl f loor .  The remaining four microphones i n  Arrays A and B 
were mounted on poles above the sloping wal ls o f  the bowl. One diameter 
inver ted- f lush mounted microphones on a f l a t  p la te  exh ib i t  pressure doubling 
up t o  a frequency o f  4 kHz ( re f .  4). Microphone 11 was mounted on the s ide 
o f  the moving gantry fac ing the wh i r l  tower, s l i g h t l y  below the ro to r  
plane. During the  noise t e s t  the gantry was moved back t o  the  edge of  t he  
bowl f loor .  Microphone 12 was posit ioned on the wh i r l  t w e r  close t o  the 
gear boxes t o  i d e n t i f y  possible non-rotor noises measured i n  the  f a r  f i e l d .  

Cartesian coordinates of the  f a r - f i e l d  microphones are given i n  Tab1 e 
1. The coordinate system i s  shown i n  f i gu re  2. The y-axis i s  p a r a l l e l  t o  
the X-wing mode? fuselage wi th the pos i t i ve  d i rec t i on  going a f t .  The 
pos i t i ve  x-axis i s  on the l e f t  side of the model w i th  the pos i t i ve  z-axis 
po in t ing  up. The o r i g i n  o f  the system i s  the center o f  the base o f  the  w h i r l  
tower. Included i n  Table 1 are the coordinates o f  the center o f  the ro tor  
plane, the po in t  o f  c losest r o t o r  approach t o  microphone Arrays A and B, and 
the center o f  the loudspeaker used i n  the bowl acoustic c a l i b r a t i o n  t o  be 
discussed i n  a l a t e r  section. Slant ranges are given i n  Table 2 f o r  the 
f a r - f i e l d  microphones t o  the centers o f  the ro to r  plane and the c a l i b r a t i o n  
1 oudspeake r. 
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Acoustic Data 

The X-wing acoustic data were received from the contractor  i n  the  form 
o f  s i x  analog magnetic tapes. The noise data comprised the  f i r s t  f i v e  
tapes. Tape f i v e  a lso includes background noise recordings for the bowl and 
various X-wing model subsystems. Tape s i x  contains bowl c a l i b r a t i o n  data. 
Each tape had a de ta i led  l o g  and gain sheet (ref. 2). Pre- and post- 
microphone ca l ib ra t ions ,  i t  should be noted, were missing on Tape 4. 

The completed X-wing noise t e s t  consisted o f  150 t e s t  condit ions. 
Between 15 and 20 seconds o f  data were recorded f o r  each condit ion. Three 
t e s t  parameters uniquely describe each t e s t  condit ion: RPM, blade pressure 
r a t i o  (BPR) , and blade angle of attack (co l lec t ive) .  The cmple ted  t e s t  
ma t r i r  f o r  t he  X-wing noise t e s t  i s  given i n  Table 3. The t e s t  parameters 
had t b 2  fo l lowing values: four values o f  RPM- 404, 420, 458, and 497, 
twelve values o f  BPR- 1.0, 1.1, ... 2.1, and s i x  values of c o l l e c t i v e -  O., 
1.5, 3.0, 4.5, 6., and 8.5 deg. Data were not taken for a l l  possible 
combinations o f  the  three t e s t  parameters. An a l t e r n a t i v e  measure o f  RPM 
of ten used i n  r o t o r c r a f t  noise work i s  ro to r  t i p  speed. The corresponding 
r o t o r  t i p  speeds f o r  the X-wing noise t e s t  a re  162., l68., 183., and 199. 
m/s. The various subsystem and nonrotat ing t e s t  condit ions f o r  the X-wing 
model are given i n  Table 4. For the noise tes t ,  only  t r a i l i n g  t i p  and edge 
blowing were used. 

A "ch i rp ing"  noise developed during the X-wing noise t e s t  which came 
from the X-wing model and was recorded on a l l  microphone channels. The 
ch i rp ing  noise occurred once per revolut ion of the rotor.  A t  the beginning 
o f  the t e s t  the c h i r p  was i n te rm i t t en t ,  but as the t e s t  progressed the c h i r p  
was increasingly present. The ch i rp  sounded l i k e  the noise made by rubbing 
metal on metal. The frequency content o f  the c h i r p  i s  i n  the  2500 and 3150 
Hz 1/3-octave bands. The cause o f  the ch i rp  has not been determined. 

Rye Canyon Bowl Ca l ib ra t ion  

The acoustic data on the X-wing comprise only one pa r t  of the overa l l  
X-wing tes t .  The second pa r t  o f  the  t e s t  was the acoust ic c a l i b r a t i o n  o f  
the wh i r l  tower bowl. As mentioned ea r l  i e r  these data were recorded on tape 
nunber 6. Although three d i f f e r e n t  c a l i b r a t i o n  techniques were employed, 
random (p ink)  noise, tone sweep, and impulsive noise, for  the present paper 
which concerns 1/3-octave band analysis only  the random noise bowl 
c a l i b r a t i o n  w i l l  be discussed. 

The random noise ca l i b ra t i on  had two parts. The f i r s t  par t  consisted 
o f  broadcasting pink noise from a loudspeaker mounted on the wh i r l  tower. 
For t h i s  par t  the eleven f a r - f i e l d  microphones were posit ioned as described 
e a r l i e r  f o r  the X-wing noise data tes t .  Microphone 12 was mounted i n  f r o n t  
o f  the loudspeaker a t  a known pos i t i on  and used as a reference microphone. 
Before the bowl ca l i b ra t i ons  were begun (Ap r i l  8 th)  the X-wing model 
t ea r  down had started. The tear  down allowed for sane subsystem background 
noise recordings, however, i t  complicated the bowl ca l ib ra t ions .  The top 
working platforms o f  the whir l  tower and the gantry were removed, as was the 
X-wing model. As a consequence the loudspeaker could not be placed a t  the 
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height of the ro to r  plane and f o r  the c a l i b r a t i o n  t e s t s  was placed fac ing 
microphone Array A, 3.4 m below the r o t o r  plane. Microphone 11 was i n  the  
same r e l a t i v e  pos i t ion  f o r  the c a l i b r a t i o n  tests,  but t h i s  was accomplished 
by mounting the microphone on a pole and pos i t ion ing  the  gantry 
approximately 3 m closer t o  the wh i r l  tower. The r e l a t i v e  posi t ions between 
each microphone and the  loudspeaker were measured and over a minute o f  p ink 
noise was recorded. 

The second par t  of the random noise bowl c a l i b r a t i o n  involved p lac ing 
the speaker i n  an anechoic chamber t o  ineasure the  f ree- f ie ld  response o f  t h e  
speaker system t o  the  same exc i ta t i on  as used i n  the  bowl loudspeaker test .  
The eleven f a r - f i e l d  microphones weve placed i n  the  same geometric 
re la t i onsh ip  w i th  the speaker as i n  the bowl t e s t  except t ha t  the  f i n i t e  
s ize  o f  t he  anechoic chamber necessitated shor ter  s lan t  ranges i n  the  
chamber tes t .  Those s lan t  ranges are given i n  Table 5. Microphone 12 was 
i n  the  same pos i t i on  f o r  both par ts  of the  random noise ca l i b ra t i on .  The 
e l e c t r i c a l  signal t o  the speaker ampl i f icat ion system was recorded for both 
par ts  of t h e  ca l ib ra t ion .  

DATA REDUCTION 

One-Third Octave Band 

The X-wing acoustic data were r e ~ u c e d  t o  one-second average 1/3-octave 
band time h is to r ies .  The gain and s ta r t / s top  times f o r  each t e s t  condi t ion 
were read from the gain l o g  sheets provided w i th  the  analog data tapes and 
stored i n  the form of a f i l e  on a computer disk. A 1/3-octave band analysis 
program was run which used the gain l t ime f i l e s  t o  reduce the acoust ic data 
on a p a r t i c u l a r  analog data tape. For a p a r t i c u l a r  t e s t  condi t ion i f  there 
were seventeen seconds o f  recorded analog data the resu l t s  o f  t he  1/3-octave 
analysi  s program w u l  d be seventeen one second averaged 1/3-ocatave band 
spectra. No correct ions were appl ied t o  the 1/3-octave band resul ts .  

The X-wing data recorded on analog Tape 4 d i d  not have pre- o r  post- 
microphone ca l ib ra t ions  o f  any kind. Tape 4 d i d  however have microphone 
ca l i b ra t i ons  on i t  f o r  the day before the  acoustic data were recorded. 
These ca l ib ra t ions  were used t o  reduce the acoustic data on tape 4. As a 
check on the v a l i d i t y  of using day o l d  microphone ca l i b ra t i ons  the amplitude 
o f  various p i  ston phone cal i brat ions was measured for d i f f e r e n t  microphones 
on d i f f e r e n t  X-wing data tapes. The resu l t s  were tha t  the  maximum 
f l u c t u a t i o n  i n  the amplitude o f  the p is ton phone ca l i b ra t i ons  (48 were 
checked) averaged over the 12 data channels was 2 percenz. This imp l ies  
t h a t  using the day o l d  microphone ca l i b ra t i ons  leads t o  an uncer ta inty  o f  
.16 db i n  the resu l t s  o f  t he  analys is  o f  the acoustic data o f  tape 4. The 
a l t e rna t i ve  t o  using the day o l d  ca l i b ra t i ons  was not t o  reduce the data on 
tape 4 thus e l im ina t ing  19 percent o f  the X-wing data received. Although, 
using day-old ca l ib ra t ions  i s  bad pract ice, the data on Tape 4 were included 
because o f  the l i m i t e d  amount of X-wing noise data. 
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A t yp i ca l  1/3-octave band r e s u l t  i s  i l l u s t r a t e d  i n  f i gu re  4. The data 
i n  the  f igure  are an average o f  20 one second averaged 113-octave band 
spectra, The t e s t  cond,tion shown i s  f o r  RPN 404, c o l l e c t i v e  1.5 deg, 
and BPR = 2.1 f o r  microphone 2. The s o l i d  curve I s  the average data and t h e  
dashed curves are the standard deviat ions about the average curve. A 
complete l i s t i n g  o f  the  average as measured 1/3-octave band resu l t s  fo r  t he  
X-wing noise data i s  given i n  the appendix. 

Chirp Correction 

A problem wi th  the X-wing data was a ch i rp ing  sound which emitted from 
the X-wing model, The chirp, when i t  occurred, repeated once per 
revolut ion. A t  the beginning o f  the X-wing noise t e s t  the ch i rp  was 
observed by t e s t  personnel occasionally. As the t e s t  progressed the c h i r p  
was present an increasing amount of the time. The frequency content o f  the 
c h i r p  was mainly i n  the  2500 and 3150 Hz 1/3-octavr Bands. 

In  order t o  e l im ina te  the c h i r p  from the measured acoust ic data t h e  
fo l low ing cor rec t ion  procedure was developed. A s t ra igh t  1 i ne  was f i t t e d  
between the two 1/3-octave bands on e i t h e r  side o f  the 2500 and 3150 Hz 
bands i n  a measured spectrum. The values o f  the f i t t e d  l i n e  a t  2500 and 
3150 Hz were assigned t o  those bands. A three element s l i d i n g  average was 
used on the two bands on e i t h e r  side o f  2500 and 3150 Hz and the two bands 
themselves t o  smooth any sharp corners i n  the corrected spectrum. Measured 
spectra w i th  and without the ch i rp  cor rec t ion  are shown i n  f i gu re  5. I n  the 
f i gu re  the s o l i d  l i n e  i s  the measured data the dashed l i n e  i s  the corrected 
spectrum. 

Free-fie1 d Correct ion 

The random noise ca l i b ra t i ons  o f  the bowl consisted of two par ts :  
broadcasting random noise i n  the wh i r l  tower bowl and i n  an anechoic 
chamber. Both random noise recordings f o r  the e l  even f a r - f i e 1  d microphones 
were reduced t o  average 113-octave spectra i n  a s im i l a r  manner t o  the X-wing 
data. Ideal ly the random noise spectra from the bowl were inf luenced by 
bowl re f l ec t i ons  i n  the same way as the X-wing data. The anechoic chamber 
spectra i d e a l l y  were the t r u e  f r e e - f i e l d  spectra o f  the loud speaker 
system. Computing free-f  i e l d  correct ions then becomes the simple task o f  
subtract ing the bowl random spectra from the anechoic random spectra a t  t h e  
same s lant  range for each microphone. The anechoic spectra were corrected t o  
the bowl spectra s lan t  ranges w i th  the add i t ion  o f  spherical spreading and 
atmospheric absorption corrections. These correct  ions were calculated using 
the s lan t  ranges give i n  Tables 2 and 5, and the American National Standards 
I n s t i t u t e  (ANSI) method f o r  the determi nat ion o f  molecular absorption ( re f .  
5). The computed f ree- f ie1  d cor rec t  ions f o r  the e l  even f a r - f i  e l  d 
microphones are given i n  Table 6. 

An example o f  a f ree - f i e ld  corrected spectrum for microphone 9, a f l ush  
mounted microphone, i s  i l l u s t r a t e d  i n  f igure  6. I n  the f i g u r e  the  s o l i d  
curve i s  the measured spectrum, the dashed curve the  c h i r p  corrected 
spectrum, and the short- long dashed curve i s  the f r e e - f i e l d  corrected 
spectrum. Approximately 6 dB of pressure doubling i s  seen f o r  the mid 
frequencies as would be expected fo r  a f lush mounted microphone. A t  low 
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frequencies the free-f i e l d  cor rec t ion  i s  greater than 6 dB i n d i  ca t l ng  
focusing caused by bowl re f lec t ions .  A bothersome observation i s  t h a t  t he  
add i t ion  o f  f ree - f i e ld  correct ions added bumps and val leys t o  the measured 
spectrun ra the r  than smoothed them out as would normally be expected. 

The X-wing computed f ree- f ie ld  correct ions are best described as 
approximate and the f ree- f  i e l  d corrected spectra as estimates. The 
correct ions have i r r e g u l a r i t i  es but when used i n  conjunct ion w i t h  frequency 
in tegrated noise metr ics should be adequate and, i n  fact, be t te r  than 
assuming a f l a t  6 dB pressure doubling f o r  the f l ush  mounted microphones. 
The problems wi th  the f r e e - f i e l d  correct ions are caused by a number o f  
cont r ibu t ing  factors. The bowl ca l i b ra t i ons  were a simulat ion o f  the  X-wing 
r o t o r  noise t e s t  w i th  a measureable f r e e - f i e l d  sound source. The 
c a l i b r a t i o n  loud speaker was mounted 3.4 m beneath the r o t o r  t i p  plane. 
This change i n  geometry between the noise t e s t  and the ca l ib ra t ions  could 
cause d i f f e r e n t  r e f l e c t i o n  effects. The loud speaker, a po in t  source, had a 
d i f f e r e n t  d i r e c t i v i t y  pat tern than the d i s t r i b u t e d  source o f  the 25 ft. 
diameter X-wing rotor .  The anechoic chamber low frequency resu l t s  may n o t  
have been t rue  f r e e - f i e l d  leve ls  o f  the speaker because of the non-anechoic 
behavior o f  chambers a t  1 ow frequencies. The f ree- f ie1 d corrected values , 
despite these problems, are more real i s t i c  measures o f  the noise produced by 
the X-wing model r o t o r  system. 

RESULTS 

Noise Trend Curves 

Noise versus performance parameter t rend curves were computed w i th  the  
X-wing noise data. I n  order t o  produce a two dimensional trend curve two o f  
the three performance o r  t e s t  parameters, BPR, RPM, and co l l ec t i ve ,  were 
held constant whi le the t h i r d  was varied t o  the extent o f  the measured 
data. For example, t o  compute a t rend curve a value o f  RPM and c o l l e c t i v e  
were selected. A l l  the t e s t  condit ions fo r  these two p a r t i c u l a r  t e s t  
parameter values and any value of BPR were found. The average 1/3-octave 
spectra f o r  the selected tes t  condit ions and a s ingle microphone were 
in tegrated t o  form a desired noise metric. Chirp and f r e e - f i e l d  cor rec t ions  
were appl ied t o  the spectra before in tegrat ing.  Then the noise values were 
p lo t ted  versus BPR t o  form the  t rend curve. A least-squares f i t  o f  second 
order was computed and drawn through the data points. 

With a data set the size of the X-wing data set many so ca l led  two 
dimensional t rend curves are possible. For the present paper a subset o f  
a l l  the possible trend curves has been selected t o  be shown. Trend curves 
are given only for  microphone 3, one o f  the two f lush  mounted microphones 
posit ioned the greatest distance away from the wh i r l  tower. To conserve the 
nlmber o f  f igures  and t o  compact the resu l ts ,  each t rend curve f i gu re  i s  
shown as a fami ly  p l o t  wi th the value of one o f  the  two chosen t e s t  
parameters varying over i t s '  range. Trend curves were computed i n  ove ra l l  
sound pressure level  (OA) ,  A-weighted sound level ,  and tone corrected 
perceived noise 1 eve1 (PNLT) met r i  cs. 

The f i r s t  group o f  t rend curves, f igures 7 t o  10, are curves of no ise  
versus BPR fo r  various combinations of RPM and co l l ec t i ve ,  referred t o  as 
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BPR trend curves. I n  each f l g u r e  c o l l e c t i v e  I s  the fami ly  parameter, t ha t  
I s ,  i n  each f i g u r e  there I s  a curve o f  nolse versus BPR for  a l l  ava i lab le  
values o f  c o l l e c t i v e  (alpha) ; RPM I s  fixed. The four f lgures correspond t o  
the  four  values o f  RPM used I n  the  X-wing noise t e s t  I n  ascendlng order. 
Each f i gu re  has three parts, one pa r t  f o r  each o f  the nolse m t r i c s .  
Overall sound pressure leve l  r e s u l t s  are given i n  pa r t  a, A-weighted r e s u l t s  
i n  pa r t  b, and PNLT resu l t s  i n  par t  c. The least-squares coefficients of 
the  curves given i n  f igures 7 t o  10 are given I n  Tables 7 through 10, 
respect I vely . 

The second group o f  trend curves, f igures 11 t o  14, are c o l l e c t i v e  
t rend curves w i t h  BPR as the fami ly  parameter. Each f i gu re  again 
corresponds t o  a d i f f e ren t  RPM i n  ascending order. Least-squares 
coe f f i c i en ts  are given i n  Tables 11 through 14, respect ively.  

The t h i r d  and f i n a l  group o f  t rend curves, f igures 15 t o  19, are r o t o r  
t i p  speed (RPM) t rend curves w i th  BPR as the fami ly  parameter. The 
f igures correspond t o  the fol lowing values o f  c o l l ? c t i v e :  O., 1.5, 3..  6., 
and 8.5 deg., respect ively.  The least-squares coe f f i c i en ts  are given i n  
Tables 15 through 19. 

The BPR t rend curves, f igures 7 through 10, had the la rges t  changes i n  
slope, i nd i ca t i ng  tha t  the noise produced by the X-wing was more sens i t i ve  
t o  changes i n  BPR than changes i n  RPM or  co l l ec t i ve .  As a general ru le,  and 
as expected, the noise produced by the X-wing ro to r  system increased w i th  
increasing BPR, RPM and co l lec t ive .  There were intermediate values o f  BPR 
where local  noise minimums existed. An example o f  t h i s  i s  shown i n  f i gu re  
8(a)  i n  the 6 deg. c o l l e c t i v e  curve. I n  the f i g u r e  the noise leve l  a t  a BPR 
o f  1.2 i s  less than the noise leve ls  a t  1.1 and 1.3 BPR. The data po in ts  
f o r  a p a r t i c u l a r  BPR t rend curve seemed t o  f a l l  i n  two groups. For values 
o f  BPR less than 1.3 or 1.5, the data points  grouped along a l i n e  o f  small 
pos i t i ve  slope. The la rger  valued BPR points  f e l l  about a l i n e  o f  greater  
slope. This two slope tendency indicates tha t  as BPR increases holding RPM 
and c o l l e c t i v e  constant the noise produced changes only  s l i g h t l y .  Above a 
ce r ta in  value o f  BPR the noise increases much more rapid ly .  This behavior 
i s  i l l u s t r a t e d  i n  the 8.5 c o l l e c t i v e  curve o f  f i g u r e  7(a). 

CONCLUDING REMARKS 

The acoustic data from the Rye Canyon 25 ft. diameter X-wing r o t o r  
system model have been reduced t o  15 t o  20 second dverage 113-octave band 
spectra. lhe acoustic data consisted o f  data from twelve microphones f o r  
over 150 t e s t  condit ions. Each t e s t  condi t ion was defined by a unique 
combination of three t e s t  parameters- RPM, co l  1 e c t i  ve, and blade pressure 
r a t i o  (BPR). A problem o f  missing microphone ca l i b ra t i ons  f o r  one o f  the 
f i v e  analog data tapes was overcome. The complete reduced average X-wing 
acoustic data are l i s t e d  i n  the appendix. 

A t rend analysis o f  noise w i th  the three t e s t  parameters was 
performed. The t rend analyses were done i n  terms of overa l l  sound pressure 
leve l ,  A-weighted sound level ,  and tone corrected perceived noise level  
(PNLT). W o r e  the measured spectra were in tegrated t o  form the desired 



metrlcs, correctlons were applled t o  the spectra f o r  an extraneous chlrp 
made by the X-wing model and t o  correct the spectra t o  f me- f le l  d 
condltlons. The ch l rp  correctlon consisted o f  discardlng the 2500 and 3150 
Hz naasured band levels and f i t t i n g  a m o t h  curve through the bands on 
e i ther  slde. The f ree- f ie ld  correctlons were calculated from a random nolse 
ca l ib ra t ion o f  the outdoor whir l  tower bowl where the X-wlng experlment was 
performed. The f ree-f  l e l  d correctlons are approximate, but clear1 y show low 
frequency acoustic focusing caused by ref lect ions I n  the bowl. &cause o f  
the focusing the f ree- f le ld  corrected spectra are more r e a l l s t l c  measures of 
the nolse produced by the model X-wing ro to r  system than assuming pressure 
doubl ing f o r  the f lush mounted microphones. 

The results of  the trend analysis i n  general showed the expected- the 
noise o f  the X-wing increased wi th increasing BPR, RPM, and col lect ive.  The 
noise produced by changlng the three tes t  parameters one a t  a time was more 
sensit ive t o  changes i n  BPR. lhe increase i n  nolse caused by an increase I n  
BPR generally followed a two slope trend. Foi low values o f  BPR the nolse 
chmged l i t t l e ,  f o r  larger values o f  BPR the noise increased more rapidly. 
The t rans i t i on  form one slope t o  another occurred between values o f  1.3 and 
1.5 o f  BPR. For the lower values o f  BPR there often was an Intermediate 
value fo r  whlch there was a local noise minimum. 
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TABLE 1 .- MICROPHONE COORD I MATE S 

Coordinates I n  m 

OII#INAL PAQE lS 
01, P a  QUALITY 

I ~ e n t e r  of Rotor Plane 0.0 -.71 18.95 

Closest Approach Array A -3.10 -2.22 18.95 

Closest Approach Array B -1.67 3.42 18.95 

Center of Loudspeaker Face -2.26 - .89 15.57 
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TABLE 2.- SLANT RANGES 

Slant. Ranges  i n  m 

TO CENTER TO CLOSEST TO CENTER OF 
- M I C  ROTOR PLANE ROTOR T I P  LOUDSPEAKER FACE 
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TABLE 3.- CCILETED X-WING ACOUSTIC TEST MATRIX 

Bl ade Pressure R a t 1  o 

RPH COLLECTIVE, DEG BLADE PRESSURE RATIO I 

1.0 - 1.5 --,---A 1.0 - 1.3 twice,  1.4 - 1.6 ' 

1.5 1.0, 1.2, 1.4 - 2.0 
4.5 1.0 - 1.8 
6 1.0 - 1.6 

Test Conditions 150. 
*No pre- o r  post- microphone c a l i  t, at ions.  
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TABLE 4.- X-WING EXTRA TEST CONDITIONS 

RPM COLLECTIVE, DEG BPR COMMENT 

P o s i t i v e  P i t ch  
Negative P i t ch  
Pos i t i ve  Ro l l  
Negative Ro l l  
Pos i t i ve  P i t ch  
Negative P i t ch  
Pos i t i ve  Ro l l  
Negative Ro l l  
Re peat 
Re peat 
Hepea t 
Pmbi ent  
X-Posit ion* 
X-Posi t i o n  
X-Posi t i o n *  
X-Posi t ion 
X-Pos i t i o n *  
Subsystem Noise: 

Ori ve Motor Cool i n g  
Subsystem Noise: Main 

Bldg. Cool ing Tower 
Subsystem Noi se: 

Transmission Lube Pump 
Subsystem Noise: Tower 

Base Hydraul i c s  
Subsystem Noise: A1 1 

Systems Together 

*Condi t ion Repeated. 



TABLE 5.- ANECHOIC CHAHBER SLANT RANGES 

n ~ c  SLANT RANGES IN H 

1 3.22 

2 4.27 

3 5.51 

4 5.18 

5 5.21 

6 3.05 

7 3.02 

8 3.02 

9 3.28 

10 3.58 

11 2.90 
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- .  . --.- 

Table 7. Least-squares Coeff ic i tn ts  for Figure 7. 

Collective. deg.-- 
Co 

- 
8.5 63.371 19.218 2.105 
6 0 74.717 5 .791  4.431 

Overall 3 .0  84.230 -1 .390  . 4.845 
1 ,5  82.169 3.569 2 .226  
0 . 0  123.486 -59.G78 25 .263  

. -  . -  - 
8.5 

- 
54 .317  55.645 

6 . 0  77.109 -14 .414 . -  
2 2 . 6 0 9  

PNLT 3 . 0  75.41 1 1 7  .067 -5 .775 
-3.928 

1.5 91.665 1.676 
0 . 0  3 .144 

G9.505 32.088 -6.522 

Table 8. 

Collective, deg. 

6,O 
Overall 1 . S  

G.0 

PNLT 

Least-squares Coefficients for Figure 8. 

67.198 16.819 -1  ,726G 
76.143 4.243 2,581 
G l  . i  72 2 6 .  OGF -4.985 



- - 

Overall 
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. .-- 
Table 9. Lust-squares Coefflclents for ' ~ l ~ u r e  9. - 

- - 

PNLT 

Overall 

- 
Table 10. Least-squares Coefficients for Figure 10. 

_+ . - _ . 

~ o l l e c t i v e ,  deg. 
Co 1 C2 
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. . .- . . 

Overall 

-. 

PNLT 

. . .. . - .- . . - . -- . --- -. -- - 
Table 11. Least-squares Coefficients for  Figure 11. , 

.- - 
Blade Pressure ~ a t i o  Co c2 
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Table 12. Least-squares Caefflclents for Figure 12. 

- ----.. -. - -- . - 

Olade pressure ~ a t i o  cO 

Overall 0.306 
C.00C 

-0.049 
C OOC 

-0.136 

C.256 
0.151 

-C.065 
0.349 
C . O O C  
0.116 
C .  O O C  

-0.052 

C . 006 
0 . 002 
C .  OOG 
0.035 



Overall 

- . . - -- - -. . - - . . - 
Table 13. Least-squares ~;oefficients f o r  Figure 13. 

- - - ------ 
Blade Pressure Ratio to 

d! - -  

PNLT 

- - . -- .- - - - 
-3 .617 1.11Er . b' 

-0,081 0.029 a 

0.325 I;. 024 
0.737 -0.061 
0.218 -6  . 026 1 
0.012 0.012 

C. O3G -0 .177 
0.036 0.012 
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- - ---- - .. . - . . _ _  -. - -- . - . . . - .-.. -_- --- 
Tab1 e 14. Least-squares Coefflclents fo r  Flgur: 14. 

Overall 

- - 
PHLT 
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. - - - . . . - - _ _ . . - l_ - . I - - . -- _ .  . - _-- .-- 

Tab1 e 15. Least-squares Coefflcients fo r  Gigure 15. 

Overall 

A-weighted 

PNLT 

. - - 
~ l a d e  Pressure Ratio Co 



Overall 
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- - . * - - . . - . -- - 
Table 16. Least -squa~s Coefflclents for Figure 16. 

- - .- 
Blade Pressure Ratio Co C1 

A-wei ghted : 1.7 
I 1.6 

PNLT 



- -  
Table 17. Least-squares Coeff ic ients f o r  Figure 17. 

Blade Pressure Ratio Co 

Overa 1 1 I 1 . 4  56.899 ' 1.3 33.524 
I 1 . 2  69.041 
I 1 . 1  46.823 

PNLT 

I 



Overal I 

PNLT 

- - - .-..- 
, Table 18. Least-squares Coefficients for Flgurc i8. 

. . 

 lade Pressure ~ a t i o  
Co 



-..-. . -. .- L -- -.- .-- - .  . -- - 
i 

0 i 

i .. ... - .A 

Table 19. Least-squares ~ o c f f l c l e n t s  for  Figurc 19. I 

Blade Pressure Ratio 

1 . 5  127.c04 
1 . 4  115.314 

Overall 1.3 58.842 
1.2 40.938 
1 . 1  4 0 . 5 3 2  
1 .0  48 .841  

PNLT 

C2 
C .  006  
0 . 000 
C .  OOC 
0 . 0 0 0  
C .  006 
0 000 
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MIcmphom 2 
RPM 404, Colkotlvo 1.5, 8PR 2.1 

1/S Ootova Band Do)a -.-.- Standard Dodatlon 

- 'OF 

Figure 4. - Typical average one- ttri r d  octave 'band spectrum. 
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Microphonm 1 1 
RPM 404., Collective 1 .S, BPR 1 J 

Meosund Dota 
.------ Chirp Comctrd Data 

L so ~ W l ; o  l ' l U L L l l  1 a t 1 u  r r 1 r Utt 1 100 1 h 1ok m 
Frequency, Hz 

Figure 5 . -  Chirp corrected spectrum. 
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Microphone 9 
RPM 497., Collectiv~ 1.5, BPR 1.7 

Measured Data .---.---- Chirp Correctad Data __-- Free-field and Chirp Corrected Data 

ULC' I I I 1  1 1 1 1 1  I 1  1  I 1 1 1 1  I 1  1 1 1  1 1 1  I 
5 10 loo l k  lo& 201( 

Frequency, Hz 

Figure 6 . -  Free-field corrected spectrum. 
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