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SUMMARY 

Noise da ta  on the  Large-scale Advanced Propfan (LAP) p r o p e l l e r  model SR-7A 
were taken i n  the  NASA Lewis Research Center 8- by 6- Foot Wind Tunnel. 
maximum b lade pass ing  tone no ise  first r i s e s  w i t h  i n c r e a s i n g  h e l i c a l  t i p  Mach 
number t o  a peak l e v e l ,  then remains t h e  same or decreases from i t s  peak l e v e l  
when go ing  t o  h ighe r  h e l i c a l  t i p  Mach numbers. 
o p e r a t i o n  a t  bo th  cons tan t  advance ra t io  and approx imate ly  equal t h r u s t .  Th is  
no i se  r e d u c t i o n  or, l e v e l i n g  o u t  a t  h i g h  h e l i c a l  t i p  Mach numbers, p o i n t s  t o  
the  use o f  h ighe r  p r o p e l l e r  t i p  speeds as a p o s s i b l e  method t o  l i m i t  a i r p l a n e  
c a b i n  no i se  w h i l e  m a i n t a i n i n g  h i g h  f l i g h t  speed and e f f i c i e n c y .  P r o j e c t i o n s  of 
the  tunne l  model da ta  a re  made to t h e  f u l l  sca le  LAP p r o p e l l e r  mounted on the  
t e s t  bed a i r c r a f t  and compared w i t h  p r e d i c t i o n s .  
found to  be somewhat conserva t i ve  i n  t h a t  i t  s l i g h t l y  o v e r p r e d i c t s  the  pro-  
j e c t e d  model da ta  a t  the peak. 

The 

Th is  t r e n d  was observed for  

The p r e d i c t i o n  method i s  

INTRODUCTION 

Advanced turboprop-powered a i r c r a f t  have the  p o t e n t i a l  for  s i g n i f i c a n t  
f u e l  savings over e q u i v a l e n t  core  technology turbofan-powered a i r c r a f t .  To 
i n v e s t i g a t e  t h i s  p o t e n t i a l ,  NASA has an ongoing Advanced Turboprop Program. 
One element o f  t h i s  program i s  the Large-scale Advanced Propfan  Program (LAP) 
( r e f .  1 )  which i nc ludes  t h e  des ign ,  f a b r i c a t i o n ,  and ground t e s t s  o f  a 2.74 m 
(9 .0  f t )  diameter p r o p e l l e r .  Th i s  p r o p e l l e r  has been t e s t e d  s t a t i c a l l y  under 
the  Propfan T e s t  Assessment (PTA)  Program ( r e f .  2), and i s  be ing  f l o w n  on a 
t e s t  bed Gu l fs t ream I 1  a i r c r a f t  as shown i n  f i g u r e  1 .  Under the LAP program an 
a e r o e l a s t i c a l l y  sca led  model o f  t h e  p r o p e l l e r ,  des ignated  SR-7A, has been con- 
s t r u c t e d  i n  62.2 cm (24.5 i n . )  s i z e  to enable the  e a r l y  d e t e r m i n a t i o n  o f  the 
a e r o e l a s t i c  c h a r a c t e r i s t i c s  o f  t h e  f u l l - s c a l e  des ign  and for  the  measurement 
o f  the p r o p e l l e r  aerodynamic and acous t ic  performance over a range o f  f l i g h t  
c o n d i t i o n s  i n  wind tunne l  t e s t s .  There i s  concern t h a t  t h e  no ise  from these 
advanced h i g h  speed p r o p e l l e r s  may be a c a b i n  environment problem for  t h e  a i r -  
p lane a t  c r u i s e .  

Lewis 8- by 6- Foot Wind Tunnel using f i v e  t ransducers  embedded i n  the  tunne l  
P r e l i m i n a r y  no i se  measurements o f  t h i s  p r o p e l l e r  w e r e  made i n  the  NASA 



c e i l i n g  ( r e f .  3). A number of o t h e r  p r o p e l l e r s  have a l s o  been t e s t e d  i n  t h i s  
tunne l  ( r e f s .  4 t o  7 ) .  The p r e l i m i n a r y  t e s t i n g  of t h e  SR-7A p r o p e l l e r  was done 
a t  one b lade s e t t i n g  ang le  and a t  one advance r a t i o  for a number o f  a x i a l  tun- 
ne l  Mach numbers. The p resen t  SR-7A acous t i c  t e s t i n g  was done u s i n g  a p l a t e  
suspended from t h e  tunne l  c e i l i n g .  The p l a t e  con ta ined  12 t ransducers  which 
enabled a b e t t e r  angu lar  r e s o l u t i o n  o f  t h e  a c o u s t i c  da ta .  
ward a rc  da ta  was o b t a i n a b l e  ( r e f .  7)  on t h e  p l a t e  because o f  a t h i n n e r  bound- 
a r y  l a y e r .  

More accura te  for-  

The t e s t i n g  envelope was expanded from t h a t  of  t h e  p r e l i m i n a r y  t e s t s .  
Three p r o p e l l e r  blade s e t t i n g  angles and a number of advance r a t i o s  were t e s t e d  
a t  each tunne l  Mach number. Th is  r e p o r t  p resents  t h e  r e s u l t s  o f  the  d e t a i l e d  
acous t i c  measurements taken on t h e  SR-7A p rope l  l e r  and compares t h e  measured 
no ise  w i t h  a semi-empir ical p r e d i c t i o n  for  t h e  des ign  c r u i s e  c o n d i t i o n .  

Apparatus and Procedure 

The SR-7A p r o p e l l e r ,  which i s  nomina l l y  62.2 cm (24.5 i n . )  i n  d iameter ,  
was t e s t e d  f o r  acous t ics  i n  t h e  NASA Lewis 8- by  6- Foot Wind Tunnel. Table I 
shows some o f  the des ign  c h a r a c t e r i s t i c s  o f  t h i s  p r o p e l l e r .  
wind tunne l  i s  shown i n  f i g u r e  2(a)  and a photograph o f  t h e  SR-7A p r o p e l l e r  i n  
the  t e s t  s e c t i o n  i s  shown i n  f i g u r e  2(b) .  

A p l a n  v iew o f  the  

The p r o p e l l e r  was t e s t e d  w i t h  t h r e e  des ign  b lade s e t t i n g  angles,  measured 
a t  t h e  3 / 4  rad ius  l o c a t i o n  o f  57.7", 60.1", and 63.3'. The 60.1" ang le  was the  
des ign c r u i s e  blade s e t t i n g  ang le  a t  M = 0.8. The p r e l i m i n a r y  no i se  r e p o r t ,  
re fe rence  2, i n d i c a t e d  t h a t  57.3' was t h e  des ign  ang le  b u t  t he  p resen t  aerody- 
namic t e s t i n g  showed t h a t  t h e  60.1" ang le  r e a l l y  produced t h e  des ign  condi -  
t i o n s .  
advanced r a t i o s  and tunne l  Mach numbers. 

The p r o p e l l e r  was opera ted  a t  these b lade s e t t i n g  ang les  for va r ious  

A p l a t e  was mounted from t h e  tunne l  c e i l i n g ,  0.3 p r o p e l l e r  d iameters from 
the  p r o p e l l e r  t i p ,  and t ransducers  were i n s t a l l e d  f l u s h  w i t h  t h e  p l a t e  su r face  
to  measure the  noise o f  the  p r o p e l l e r .  A photograph o f  t h i s  p l a t e  i s  shown i n  
f i g u r e  3(a)  and a ske tch  o f  t h e  i n s t a l l e d  p l a t e  i s  shown i n  f i g u r e  3(b) .  
Twelve transducers w e r e  i n s t a l l e d  on the  p l a t e  c e n t e r l i n e  which was d i r e c t l y  
above t h i s  p r o p e l l e r  c e n t e r l i n e .  The t ransducer  l o c a t i o n s  a re  shown i n  f i g -  
u r e  3(b>.  The s igna ls  from the  pressure  t ransducers  were recorded on magnetic 
tape and narrowband spec t ra  were ob ta ined  for each o f  the  t e s t  p o i n t s .  
c a l l y  t he  narrowband range was 0 to 10 000 Hz w i t h  a bandwidth o f  32 Hz. How- 
ever ,  because the p r o p e l l e r  b lade pass ing  f requency  was so c l o s e  t o  the  wind 
tunne l  compressor tones a t  srme o f  the  t e s t  c o n d i t i o n s ,  some h i g h e r  r e s o l u -  
t i o n s  (0 t o  2500 Hz w i t h  an 8 Hz bandwidth) were performed t o  i s o l a t e  t h e  pro- 
p e l l e r  tone.  

Typi -  

RESULTS AND DISCUSSION 

Noise da ta  were taken for  t h e  exper imenta l  t e s t  c o n d i t i o n s  l i s t e d  i n  
t a b l e  11. The advance r a t i o  ( 3 1 ,  t h e  power c o e f f i c i e n t  ( C p ) ,  t h e  h e l i c a l  t i p  
Mach number (Mht), and t h e  pe rcen t  o f  measured des ign  t h r u s t  a r e  presented i n  
t h i s  t a b l e .  More d e t a i l e d  aerodynamic da ta  i s  a v a i l a b l e  i n  re fe rence  8. Dur- 
i n g  these acoust ic  exper iments t h e  t h r u s t  balance was n o t  work ing,  t he re fo re  
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the t h r u s t  values presented  a re  taken f rom aerodynamic t e s t s  where i d e n t i c a l  
c o n d i t i o n s  were w a i l a b l e . .  
u red  t h r u s t  a t  t he  des ign  c o n d i t i o n  (8  = 60.1, M = 0.8, J = 3.06) which was 
1161 N (261 l b ) .  As  can be seen f rom t a b l e  11, t h r u s t  d a t a  a re  n o t  a v a i l a b l e  
for a l l  o f  the  c o n d i t i o n s  s ince  the  same da ta  p o i n t s  were n o t  performed. I n  
p a r t i c u l a r  no aerodynamic t e s t s  were performed - a t . a n  a x i a l  Mach number o f  0.65. 

The t h r u s t  i s  p resented  as percentages of  t h e  meas- 

The a c o u s t i c  da ta  i s  p resented  i n  t a b l e s  I11 t o  V. 

Peak Blade Passing Tone V a r i a t i o n s  

I t  has been i n d i c a t e d  i n  re fe rence 2 t h a t  the peak b lade pass ing  tone 
n o i s e  f i r s t  inc reases  wi th  i n c r e a s i n g  h e l i c a l  t i p  Mach number and then  t h e  
no ise  may decrease from the  peak when go ing  t o  h i g h e r  h e l i c a l  t i p  Mach numbers. 
Dur ing  t h i s  p rev ious  t e s t i n g  ( r e f .  3) a l l  o f  t h e  a c o u s t i c  t ransducers  were n o t  
o p e r a t i n g  so some ques t ion  o f  t h a t  conc lus ion  was p o s s i b l e .  
a l l o w  a more d e t a i l e d  look a t  t h i s  v a r i a t i o n  o f  peak tone l e v e l  w i t h  h e l i c a l  
t i p  Mach number. 

The p resen t  da ta  

V a r i a t i o n s  w i t h  h e l i c a l  t i p  Mach number, cons tan t  advance r a t i o .  - The 
p r o p e l l e r  b lade s e t t i n g  ang le  was manually s e t  be fo re  each t e s t  and the  tunnel  
opera ted  a t  va r ious  a x i a l  Mach numbers. Curves o f  peak b lade pass ing  tone 
no ise  measured on the  p l a t e  were p l o t t e d  versus h e l i c a l  t i p  Mach number i n  f i g -  
u re  4. These p l o t s  are a t  cons tan t  advance r a t i o  and each tunne l  a x i a l  Mach 
number t e s t e d  y i e l d s  the  h e l i c a l  t i p  Mach number v a r i a t i o n .  Data for  f o u r  
advance r a t i o s  were ob ta ined .  

f i g u r e  4(c)  for  J = 3.06, and f i g u r e  4(d) for  J = 2.75. Where a v a i l a b l e ,  
d a t a  for  a1 1 t h r e e  propel  l e r  b lade s e t t i n g  angles a re  shown. As  can be seen 
the  da ta  does show a peak tone l e v e l  a t  a h e l i c a l  t i p  Mach number o f  about 1 .15  
w i t h  the  no ise  l e v e l i n g  o f f  or reducing a t  h e l i c a l  t i p  Mach numbers above the 
peak. 

F igu re  4(a) i s  for an advance ratio, J = 3.5, f i g u r e  4(b> for  J = 3.25, 

The blade l o a d i n g  inc reases  w i t h  b lade s e t t i n g  ang le .  As can be seen from 
these curves, t he  no ise  a t  subsonic h e l i c a l  t i p  Mach numbers i nc reases  w i t h  
i n c r e a s i n g  blade s e t t i n g  ang le  almost as i f  t h e  curves were j u s t  u n i f o r m l y  
s h i f t e d  h ighe r .  Th i s  i s  p robab ly  the r e s u l t  o f  inc reased l o a d i n g  no ise .  I n  
the  subsonic p o r t i o n  o f  t h e  curves, the no ise  inc reases  approx ima te l y  as the 
square o f  the  i n p u t  power r a t i o .  

F igu re  4(c)  p resents  t h e  peak blade pass ing  tone v a r i a t i o n s  w i t h  h e l i c a l  
t i p  Mach number a t  the des ign  advance r a t i o  of 3.06. 
t i n g  ang le  63.3", t he  n o i s e  peaks around a h e l i c a l  t i p  Mach number o f  1.2 and 
then reduces a t  t he  h ighe r  h e l i c a l  t i p  Mach number. The d a t a  a t  t h e  des ign  
angle,  13 = 60.1" and the  lower 13 = 57.7" bo th  show a peak around Mht = 1.15, 
a r e d u c t i o n  around Mht = 1.2 and then a no ise  inc rease from t h e  Mht = 1.2 , 

l e v e l  to  the  Mht = 1.29 c o n d i t i o n .  Th is  humped shape to  t h e  curve  i s  p resen t  
f o r  bo th  o f  these lower loaded blade angles.  The hump around Mht = 1.15 may 
rep resen t  a d i f f e r e n t  n o i s e  mechanism. P o s s i b i l i t i e s  for t h i s  mechanism 
i n c l u d e  "quadruple no i se "  ( r e f .  9)  and t h e  shock wave pressure  r i s e  ( r e f .  10 ) .  
As  the l o a d i n g  i s  inc reased from the 57.7" angle case t o  the  = 60.1" case 
the hump i s  reduced and t h e  hump disappears a t  the h i g h e s t  l o a d i n g  case 

A t  t h e  h i g h e s t  b lade se t -  
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p = 63.3". 
a t  t he  lower load ing  c o n d i t i o n s  p = 57.7" and 60", b u t  t h e  l o a d i n g  no ise  domi- 
nates a t  h ighe r  b lade angles.  

This may i n d i c a t e  t h a t  t he  no ise  from t h i s  mechanism can be seen 

Comparison w i th  p rev ious  d a t a  ( r e f .  3) .  - The p rev ious  da ta ,  u s i n g  f i v e  
c e i l i n a  transducers, were taken w i t h  a b lade s e t t i n g  ang le  o f  57.3"  ( r e f .  3, 
f i g .  55.  These da ta  were ad jus ted  t o  t h e  p l a t e  p o s i t i o n  u s i n g  20 l o g  of the  
d i s tance  from t h e  p r o p e l l e r  c e n t e r l i n e .  Th is  r e s u l t e d  i n  8 dB be ing  added t o  
t h e  p rev ious  data. F igu re  5 shows t h e  p rev ious  p l o t  o f  no i se  versus h e l i c a l  
t i p  Mach number from re fe rence  3 compared w i t h  t h a t  o b t a i n e d  w i t h  a 57.7" blade 
s e t t i n g  angle.  A s  can be seen i n  f i g u r e  5, t h e  comparison of the  peak no ise  
v a r i a t i o n  w i t h  h e l i c a l  t i p  Mach number f o r  the  two s e t s  o f  d a t a  a r e  v e r y  g o d  
p a r t i c u l a r l y  when t h e  d i f f e r e n c e  i n  angu lar  r e s o l u t i o n  and t h e  smal 1 d i f f e r e n c e  
i n  b lade s e t t i n g  ang le  a re  considered.  

V a r i a t i o n s  w i th  h e l i c a l  t i p  Mach number a t  approx imate ly  equal t h r u s t .  -. 
The experiments r e p o r t e d  h e r e i n  were performed by t e s t i n g  a t  f i x e d  advance 
r a t i o s  a t  d i f f e r e n t  tunne l  Mach numbers. Three b lade s e t t i n g  angles were 
tes ted .  Although t h e  t e s t s  were n o t  s t r u c t u r e d  t o  p r o v i d e  t h i s  comparison, 
l i m i t e d  combinations o f  b lade s e t t i n g  ang le  and advanced r a t i o  can be used t o  
cross p l o t  t he  data and o b t a i n  the  v a r i a t i o n  of peak no ise  w i t h  h e l i c a l  t i p  
Mach number a t  approx imate ly  equal t h r u s t .  F igu re  6 shows these p l o t s  o f  peak 
b lade pass ing  noise versus h e l i c a l  t i p  Mach number a t  app rox ima te l y  equal 
t h r u s t .  F igu re  6(a) i s  for an a x i a l  Mach number o f  0.85. Here d a t a  taken 
w i t h  t h e  60.1" angle a t  J = 3.25, 63.3" angle a t  J = 3.75 and 57.7" ang le  
a t  These p o i n t s  a re  a t  app rox ima te l y  
50 pe rcen t  t h r u s t .  
a v a i l a b l e  b u t  a t  M = 0.75 and M = 0.80 the  t h r u s t  were 52 and 50 pe rcen t  
r e s p e c t i v e l y ,  thus t h e  t h r u s t  a t  M = 0.85 was taken t o  be approx ima te l y  
50 percent .  A s  observed, t he  no ise  reduces a t  t he  h i g h e r  h e l i c a l  t i p  Mach 
numbers. 

J = 3.06 are  p l o t t e d  i n  t h i s  f i g u r e .  
The t h r u s t  a t  t he  57.7" angle a t  J = 3.06 p o i n t  was n o t  

F igu re  6(b> i s  f o r  an a x i a l  Mach number o f  0.8. Data were aga in  taken 

There fore  two d a t a  p o i n t s  

from the  t h r e e  blade s e t t i n g  angles w i t h  the  goal  o f  a curve  a t  app rox ima te l y  
85 percent  t h r u s t .  Data were a v a i l a b l e  a t  t he  57.7" and 63.3" s e t t i n g  angles 
a t  approx imate ly  85 percent  t h r u s t  b u t  n o t  a t  60.1". 
a re  shown fo r  the 60.1" angle--one a t  100 percent  t h r u s t  and t h e  o t h e r  a t  
73 percent  t h r u s t .  The assumption here be ing  t h a t  t h e  85 pe rcen t  no i se  d a t a  
would l i e  somewhere i n  between. As can be seen from t h i s  f i g u r e ,  t he  no ise  
aga in  appears t o  peak and then l e v e l  o f f  or reduce from t h a t  peak as t h e  h e l i -  
c a l  t i p  Mach number i s  increased.  

I t  should be no ted  here t h a t  t h e  r e d u c t i o n s  from t h e  peak a r e  o c c u r r i n g  a t  
t he  57.7" case which was somewhat o f f  des ign.  I t  may be p o s s i b l e  t o  show even 
more o f  a no i se  r e d u c t i o n  i f  a p r o p e l l e r  b lade were a c t u a l l y  designed for t h i s  
h ighe r  h e l i c a l  t i p  Mach number. 

Peak tone contours.  - P r o p e l l e r  o p e r a t i n g  maps showing t h e  C L ~ T V ~ S  ~f n - 1 . 1 - c  puwc I 

c o e f f i c i e n t  against  advance r a t i o  a re  shown i n  f i g u r e  7.  At tempts have been 
made t o  draw contours o f  cons tan t  peak b lade pass ing  tone on these o p e r a t i n g  
maps. These curves a t  M = 0.9, 0.8, 0 .7 ,  and 0.6, show an o v e r a l l  a c o u s t i c  
" p i c t u r e "  o f  the  e f f e c t  o f  b lade o p e r a t i n g  parameters on peak pass ing  tone 
1 eve1 s .  
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I .  

These contour p l o t s  i n d i c a t e  t h a t  changes i n  p r o p e l l e r  t i p  speed have a 
l a r g e r  e f f e c t  on no ise  than do changes i n  b lade  s e t t i n g  ang le .  An inc rease  i n  
t i p  speed a t  a cons tan t  b lade s e t t l n g  ang le  r e s u l t s  i n  t r a c i n g  a performance 
curve toward lower advance r a t i o s .  Since the  n o i s e  .contours a r e  c l o s e  t o  nor-  
mal t o  t h e  performance curves, l a r g e  noise inc rease  a re  observed. Inc reases  i n  
b lade ang le  a t  cons tan t  t i p  speed r e s u l t  i n  go ing  between performance curves a t  
cons tan t  advance r a t i o .  
no i se  contours  o n l y  a smal l  no i se  increase occurs .  

Since t h i s  movement i s  c l o s e  to p a r a l l e l  w i t h  the  

D i r e c t i v i  t i e s  

Blade pass ing  tone l e v e l s  f o r  t h e  SR-7A p r o p e l l e r  a r e  shown as a f u n c t i o n  
o f  angu lar  p o s i t i o n  i n  f i g u r e  8. D i r e c t i v i t i e s  a re  shown i n  f i g u r e  8 for  the  
des ign  advance r a t i o  ( J  = 3.06) c o n d i t i o n  a t  t he  seven Mach numbers t e s t e d .  

Each Mach number f i g u r e  shows t h e  d a t a  f o r  t he  t h r e e  b lade s e t t i n g  angles 
t e s t e d .  A s  can be seen the  curves are s i m i l a r  i n  shape f o r  t h e  d i f f e r e n t  b lade 
s e t t i n g  angles.  
( h i g h e r  blade angle) cases showing more no ise .  The l e v e l s  toward the f r o n t  a r e  
closer toge the r  than a t  t he  peak, p a r t i c u l a r l y  a t  t h e  h ighe r  Mach numbers 
( f i g s .  8(a)  t o  ( d ) ) .  Th is  may be an i n d i c a t i o n  t h a t  the fo rward  no ise  may n o t  
be c o n t r o l l e d  by the blade l o a d i n g .  

The peak l e v e l s  have been s h i f t e d  w i t h  the h i g h e r  l o a d i n g  

The d i r e c t i v i t i e s  a t  most of the Mach numbers a r e  a l s o  s i m i l a r  i n  shape 
w i t h  t h e  noted excep t ion  o f  t h e  da ta  a t  M = 0.7.  Here  the d i r e c t i v i t y  i s  much 
f l a t t e r  than a t  o t h e r  Mach numbers. The fo rward  no ise  i s  h i g h e r  a t  M = 0.7 
than a t  e i t h e r  M = 0.65 or M = 0.75 and the no ise  a t  t h e  f o r w a r d  most pos i -  
t i o n s  around 50" i s  h ighe r  here than a t  any o t h e r  Mach number. The h e l i c a l  t i p  
Mach number a t  M = 0.7 i s  approximately 1.0 so i t  may be t h a t  t h i s  i s  some 
t r a n s i e n t  t r a n s o n i c  e f f e c t .  Since t h e  f a r  forward l e v e l s  a re  h i g h e r  here than 
a t  any o t h e r  Mach number, t h i s  may represent  a c a b i n  no i se  peak a t  t he  f a r  for-  
ward angles as the a i r p l a n c e  i s  acce le ra ted  to  M = 0.8 c r u i s e  c o n d i t i o n s .  

Prev ious  d i r e c t i v i t i e s  a t  M = 0.65 and M = 0.60 taken on the  tunne l  
c e i l i n g  i n d i c a t e d  problems w i t h  the data be ing  contaminated w i t h  tunne l  w a l l  
r e f l e c t i o n s  ( r e f s .  3 and 1 1 ) .  The data taken here a t  0 .3  diameter on t h e  
p l a t e  r a t h e r  than on the  tunnel  w a l l  do n o t  appear t o  s u f f e r  those s i g n a l  to  
n o i  se problems. 

A i rp lane  P r o j e c t i o n s  

Data adjustments.  - The no ise  measured i n  the  wind tunnel  can be p r o j e c t e d  
t o  f l i g h t  c o n d i t i o n s  by u s i n g  c o r r e c t i o n s  f o r  d i f f e r e n c e s  i n  a1 t i  tude, s i z e ,  
and d i s t a n c e .  The acous t i c  pressure i s  assumed to va ry  i n v e r s e l y  w i t h  the  d i s -  
tance squared and d i r e c t l y  w i t h  t h e  square o f  t he  p r o p e l l e r  d iameter and the 
ambient p ressure  ( r e f .  9). C o r r e c t i n g  a tunne l  o p e r a t i n g  pressure  o f  
76.5x103n/m2 ( 1 1 . 1  p s i )  a t  c r u i s e  cond i t i ons  t o  a f l i g h t  a l t i t u d e  o f  10.7 km 
(35 000 ft) y i e l d s  a decrease o f  10 dB. 

The a c o u s t i c  p l a t e  i s  0.3 diameters from t h e  p r o p e l l e r  t i p  and t h e  a i r -  
p lane fuselage i s  0.6 diameters f rom the t i p .  
p r o p e l l e r  c e n t e r l i n e  the  s i z e  and d is tance c o r r e c t i o n  y i e l d s  a decrease o f  
3 dB. The n e t  r e d u c t i o n  from tunnel  t o  f l i g h t  c o n d i t i o n s  i s  then 13 dB. 

Based on the d i s t a n c e  from the  
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A p l o t  o f  the f u l l - s c a l e  p r o p e l l e r  b lade pass ing  tone on t h e  Gu l f s t ream I1 
a i r p l a n e  fuselage a t  c r u i s e  (Mht = 1.14, M = 0.08, 13 = 60.1", J = 3.06) i s  
shown i n  f i g u r e  9.  

Comparison w i t h  p r e d i c t i o n .  - A g r a p h i c a l  method f o r  p r e d i c t i n g  t h e  no ise  
o f  the  f u l l - s c a l e  SR-7 p r o p e l l e r  i s  presented  i n  re fe rence  13. Th is  method i s  
based on t h e o r e t i c a l  c a l c u l a t i o n  procedures and t h e  computer r e s u l t s  have been 
genera l i zed  f o r  the  SR-7 p r o p e l l e r .  
were used t o  p r e d i c t  t he  f ree  f i e l d  SR-7 p r o p e l l e r  on t h e  Gu l f s t ream I1 a i r -  
p lane.  S i x  dec ibe l s  were added t o  these f r e e - f i e l d  numbers to  account  f o r  t h e  
pressure  doub l ing  e f f e c t s  o f  the  a i r p l a n e  fuse lage .  

F igu res  8,. 16, and 22(a) o f  r e f e r e n c e  13 

The p r e d i c t i o n  method o f  re fe rence  13 l o c a t e s  i t s  f o re  and a f t  p o s i t i o n s  
from the  peak o v e r a l l  no i se  l e v e l  l o c a t i o n .  The p r e d i c t i o n  i s  p laced  here  on 
f i g u r e  9 by a l i g n i n g  the  p r e d i c t e d  curve base l o c a t i o n  w i t h  the  l o c a t i o n  o f  t h e  
measured p o s i t i o n  o f  maximum o v e r a l l  no ise .  

As can be seen the p r e d i c t i o n  compares v e r y  w e l l  w i t h  the  p r o j e c t e d  da ta .  
The peak no ise  l e v e l  i s  s l i g h t l y  o v e r p r e d i c t e d  and the  l e v e l  a f t  o f  t h e  pro-  
p e l l e r  i s  s l i g h t l y  o v e r p r e d i c t e d  b u t  i n  genera l  t he  comparisons i n  l e v e l  and 
d i r e c t i v i t y  a re  very good. 

The r e l a t i v e  l e v e l s  o f  the  b lade pass ing  tone harmonies w i t h  respec t  t o  
t h e  fundamental are a l s o  o f  i n t e r e s t .  A comparison o f  t h e  p r e d i c t e d  l e v e l s  
w i t h  measured data a t  the  maximum no ise  p o s i t i o n  a t  c r u i s e  are  shown i n  f i g -  
u r e  10. 
monics r e l a t i v e  to the  fundamental a re  m o s t l y  lower  than p r e d i c t e d  w i t h  o n l y  
t h e  f o u r t h  harmonic be ing t h e  same. These comparisons i n d i c a t e d  the  p r e d i c -  
t i o n s  are  somewhat conserva t i ve  i n  t h e  sense t h a t  they  p r e d i c t  h i g h e r  l e v e l s  
than t h e  no ise  p ro jec ted  from the  model da ta  for  bo th  t h e  fundamental b lade 
pass ing  tone and t h e  harmonics a t  t he  peak l o c a t i o n .  

The p r e d i c t i o n s  f o r  t h i s  p o s i t i o n  a re  a l s o  shown. The measured har-  

CONCLUDING REMARKS 

Noise da ta  on the  Large-scale Advanced Propfan proppel  l e r  model , SR-7A, 
were taken i n  the NASA Lewis 8- by 6- Foot Wind Tunnel. 
t e s t e d  a t  t h r e e  blade angles.  Plots o f  t h e  maximum b lade pass ing  tone versus 
h e l i c a l  t i p  Mach number a t  cons tan t  advance r a t i o  f i r s t  r i s e s  w i t h  i n c r e a s i n g  
Mach number to  a peak l e v e l  then remains t h e  same or reduces from t h e  peak when 
go ing  t o  h ighe r  h e l i c a l  t i p  Mach numbers. Some l i m i t e d  curves o f  maximum b lade 
pass ing  tone versus h e l i c a l  t i p  Mach number, taken a t  approx imate ly  equal 
t h r u s t ,  showed the same r e d u c t i o n  from t h e  peak no ise  l e v e l  when go ing  to  
h ighe r  h e l i c a l  t i p  Mach numbers. Th is  no i se  r e d u c t i o n ,  or l e v e l i n g  o u t  a t  h i g h  
h e l i c a l  t i p  Mach numbers p o i n t s  t o  the  use o f  f a s t e r  r o t a t i n g  p r o p e l l e r s  as a 
p o s s i b l e  method to l i m i t  cab in  no ise  w h i l e  m a i n t a i n i n g  h i g h  f l i g h t  speed and 
e f f i c i e n c y .  

The p r o p e l l e r  was 

P r o j e c t i o n s  f o r  the  b iade pass ing no ise  o f  t h e  f u l l  sca le  2.74 m (9 ft) 
diameter  p r o p e l l e r ,  t o  be f lown on the  Gu l f s t ream I1 t e s t  bed a i r c r a f t ,  were 
made from t h e  wind tunne l  model da ta .  These p r o j e c t i o n s  were compared w i t h  a 
semi-empir ica l  p r e d i c t i o n  of t h e  no ise .  
e r a l l y  compared very w e l l  w i t h  the  p r o j e c t e d  da ta  b o t h  i n  l e v e l  and d i r e c t i v -  
i t y .  

The p r e d i c t e d  b lade passage tone gen- 

The p r e d i c t i o n  d i d  s l i g h t l y  ove res t ima te  t h e  b lade passage tone a t  t h e  
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peak and the  p red ic ted  l e v e l s  of the  harmonics were somewhat h igher  than the  
p r o j e c t e d  data.  The p r e d i c t i o n  method was found t o  be somewhat conserva t ive  
i n  t h e  sense t h a t  i t  ove rp red ic ted  the p r o j e c t e d  model da ta  a t  t he  peak. 
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TABLE I. - SR-7A PROPELLER DESIGN CHARACTERISTICS 

Diameter, cm ( i n . )  . . . . . . . . .  
Number o f  blades . . . . . . . . .  
Design Mach number . . . . . . . . .  
Design speed, m/sec ( f t l s e c )  . . . .  
Desi gn advance r a t i o  . . . . . . . .  
Design power c o e f f i c i e n t  . . . . .  
Design power load ing ,  kW/mi ( h p / f t 2 )  
In tegra ted  design l i f t  c o e f f i c i e n t  . 
A c t i v i t y  f a c t o r  . . . . . . . . . .  
Design e f f i c i e n c y ,  percent . . . . .  

62.2 (24.5) . . . . .  p8 . . .  0.80 
. 244 (800) . . .  3.06 . . .  1.45 . 257 (32.0) 
. . .  0.202 . . . .  227 . . . .  79 

A x i  a1 
Mach 

number 

0.9 
.85 
.85 
.8 

I 
I 
I 
I 
1 

.75 

.7 

.65 

.6 

TABLE I1 - TEST CONDITIONS 

(a)  Blade angle equal 57.7" 

Advance 
r a t i o  

3.06 
3.25 
3.06 
3.50 
3.25 
3.06 
2.83 
3.5 
3.25 
3.06 
2.75 
3.5 
3.25 
3.06 
2.75 
3.5 
3.25 
3.06 
2.75 
3.5 
3.25 
3.06 
2.75 

He1 i ca l  
t i p  Mach 

number 

1.289 
1.182 
1.218 
1.076 
1.110 
1.144 
1.193 
1.003 
1.042 
1.074 
1.137 

.939 

.973 
1.002 
1.061 

.873 

.902 

.927 

.987 

.804 

.832 

.a58 

.910 

Power 
coef f i - 

c i  en t  

0.177 
.045 
.360 

.408 

.677 

.961 

.495 

.764 
1.168 

.159 

.581 

.860 
1.242 

.318 

.707 

.983 
1.401 

.341 

.734 
0.992 
1.149 

0 

0 

aken from previous aerodynamic data. 
o t  ava i lab le .  
' i ndmi l l .  

Percent o f  
measured t h r u s t  

a t  designa 

( b )  
( b )  
( b )  

c-11 
23 
50 
86 
CO 
28 
52 

105 
8 

33 
52 
98 

( b )  

9 
28 
43 
80 

I 
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TABLE I1 - Continued. 

( b )  Blade Angle Equal 60.1' 

Ax i a1 
Mach 

number 

0.9 

I 
js5 r 
I" 
i' Is r 

Advance 
r a t i o  

3.72 
3.5 
3.25 
3.06 
3.75 
3.5 
3.25 
3.06 
4.1 
3.75 
3.5 
3.25 
3.06 
2.82 
3.75 
3.5 
3.25 
3.06 
2.75 
3.75 
3.5 
3.25 
3.06 
2.75 
3.75 
3.5 
3.25 
3.06 
2.75 
3.75 
3.5 
3.25 
3.06 
2.75 

He1 i cal 
t i p  Mach 
number 

1.176 
1.208 
1.250 
1.288 
1.108 
1.140 
1.181 
1.216 
1.010 
1.044 
1.074 
1.111 
1.148 
1.199 

.978 
1.007 
1.042 
1.074 
1.137 

.913 

.940 

.972 
1.001 
1.062 

.848 

.870 

.go1 

.930 

.982 

.782 

.801 

.834 

.859 

.908 

'aken from previous aerodynaa 
l o t  avai 1 ab1 e 
li ndmi 11 

Power 
coef f i - 

c i e n t  

0 
.374 
.783 

1.0046 
.248 
.669 

1.018 
1.268 
0 

.603 

.947 
1.300 
1.533 
1.786 

.606 

.985 
1.315 
1.566 
1.933 

.650 
1.047 
1.390 
1.636 
1.984 

1.077 
1.408 
1.673 
2.051 

.729 
1.109 
1.442 
1.693 
2.079 

.6954 

E data 

Percent o f  
measured t h r u s t  

a t  desi gna 

c-11 
25 

(b )  
(b)  
-4 
30 
54 
89 

C-9 
14 
45 
74 

143 
16 
42 
69 
91 

147 
21 
46 
72 
95 

145 
(b )  

d l00  

. .  

I 
20 
40 
60 
78 

118 

lesign cond i t ion ,  by d e f i n i t i o n  t h i s  i s  100 percent t h r u s t  
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Axi a1 
Mach 

number 

0.9 I 
.8 I 
I 
.l I 
I 
.6 I 
I 

.85 

.15 

.65 

TABLE I1 - Concluded. 

( c )  Blade Angle Equal 63.3" 

Advance 
r a t i o  

4.25 
4.0 
3.15 
3.5 
3.25 
3.06 
4.25 
4.0 
3.15 
3.5 
3.25 
3.06 
4.25 
4.0 
3.15 
3.5 
3.25 
3.06 
4.25 
4.0 
3.75 
3.5 
3.25 
3.06 
4.25 
4.0 
3.15 
3.5 
3.25 
3.06 
4.25 
4.0 
3.75 
3.5 
3.25 
3.06 
4.25 
4.0 
3.15 
3.5 
3.25 
3.06 

He1 i c a l  
t i p  Mach 

number 

1.117 
1.143 
1.173 
1.204 
1.255 
1.289 
1.054 
1.083 
1.110 
1.140 
1.184 
1.216 
.994 
1.015 
1.040 
1.071 
1.106 
1.142 
.931 
.955 
.916 

1.003 
1.041 
1.012 
.a10 
.890 
.912 
.940 
.972 
.999 
.805 
.823 
.a49 
.a12 
,903 
.931 
.746 
.764 
.784 
.806 
.833 
.858 

'aken f rom previous aerodynan 
l o t  avai  1 ab1 e 

Power 
c o e f f i -  

c i  e n t  

0.1883 
.614 
.998 

1.385 
1.626 
1.804 
.599 
.944 

1.319 
1.616 
1.913 
2.151 
.906 

1.301 
1.626 
1.915 
2.217 
2.421 

1.271 
1.593 
1.938 
2.222 
2.433 
.889 
1.289 
1.638 
1.965 
2.296 
2.504 
.932 

1.312 
1.664 
1.986 
2.287 
2.525 
.969 
1.345 
1.611 
2.000 
2.320 
2.528 

.a542 

~ d a t a  

~~~~ 

Percent  o f  
measured t h r u s t  

a t  desi  gna 

2 
18 
42 
10 
98 
124 
12 
34 
53 
94 
108 
143 
22 
34 
57 
86 
118 
147 
22 
34 
57 
81 

1 1 1  
141 
22 
32 
53 
74 
101 
130 
( b )  I 14 
34 
44 
61 
71 
101 



Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure leve l  of harmonic, SPL, dB. r e f  2 ~ 1 0 ' ~  N/m2 

Harmonic 
number I Transducer 

, 

1 1  2 1  3 1  4 1  5 1  6 1  7 1  8 1  9 1  10 I 11 I 12 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

154.0 
146.0 
139.0 
133.5 
129.0 
125.0 
122.0 

( a )  

152.0 
137.5 
133.5 
133.0 
128.0 
123.0 
122.0 

( a )  

156.0 
130.0 
134.0 
133.0 
131 .O 
123.5 

( a )  ----- 

155.0 
134.5 
137.0 
134.0 
124.5 
130.0 
123.0 
127.0 

151 .O  
131 .O  
137.5 
140.0 
140.0 
133.5 
127.5 
130.0 

150.5 
132.5 
139.0 
142.0 
143.0 
139.0 
135.5 
126.0 

134.0 
140.5 
140.0 
141.5 
141 . O  
140 . O  
138.0 
135.0 

(b )  H = 0.85, J = 3.25 

Sound pressure leve l  of harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/m2 I I 
151 - 0  
140.0 
134.5 
139.0 
133.0 
129.0 
( a )  

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

144.5 136.5 
146.5 138.5 

146.0 ----- 
139.0 ----- 
--- --- ----- ----- 

144.5 
148.5 
148.0 
146.5 
138.5 
131 .O  

(a )  -_-- 

----- 

I I I 

( c )  H = 0.85, J = 3.06 

Harmonic 
number 

Transducer 

10 I 11 I 12 1 2 3 4 5 6 7 8 9 

Sound pressure leve l  o f  harmonic, SPL, dB, r e f  2 ~ l . O - ~  

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

(a)  ---- 146.5 145.0 146.0 
150.5 151.5 138.0 
150.5 150.5 138.5 
146.0 147.0 136.5 
133.0 139.0 132.0 
135.0 132.0 (a )  
137.0 138.5 ----- 
131.0 136.0 ----- 

--e-- ---- 

aNot v i s i b l e  above tunnel background noise. 

1 1  



Harmon i c 
number 

1 (BPF) 
2 
3 
4 
5 
6 
7 
a 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB. r e f  Z X ~ O - ~  N/m2 

140.5 
(a)  

156.0 
151.0 
144.5 
141.5 
138.5 
135.0 
137.5 
137.0 

----- 

147.5 
141.0 
135.0 
131.5 
132.0 
128.0 
124.0 

( a )  

145.5 
( a )  ----- 
I--- 

1 2 3 4 

149.5 

130.0 
138.5 

(a )  

5 6 7 8 9 10 11 12 

155.0 
144.5 
134.0 
129.0 

(a)  

147.5 
143.5 
139.5 
133.0 

(a)  
I--- ----- ----- 

151.5 
151 . O  

152.0 148.5 146.0 
148.5 146.0 142.0 
142.5 143.0 134.5 
139.0 139.0 132.0 
137.0 135.5 129.0 
134.5 135.0 127.0 
130.0 133.0 (a )  
126.5 130.0 ( a )  

140.5 
136.0 

(a )  

Harmonic 
number 

1 (BPF) 
2 
3 
4 
5 
6 

160.5 
144.5 
148.0 
142.0 
135.0 
130.0 
135.5 
128.5 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/mZ 

143.0 143.5 144.5 143.0 150.5 156.0 153.5 151.0 148.5 148.0 145.0 146.0 
(a )  (a )  ( a )  137.5 144.0 150.5 149.5 149.5 139.0 139.5 139.0 139.5 

----e ----- (a)  138.5 145.0 144.0 143.5 143.0 133.0 135.5 137.5 ----- ----- ----- ----- 133.0 142.0 138.5 136.5 134.5 131.0 (a)  132.5 

----- ----- ----- ----- (a)  135.0 137.5 134.0 (a )  ----- ----- ----- 128.5 139.0 137.0 134.0 130.5 ( a )  ----- ( a )  ----- ----- ----- ----- 

I 

160.5 
149.0 
147.0 
135.5 
136.0 
134.0 
126.5 
129.5 

155.0 
153.5 
130.5 
143.5 
137.0 
134.5 
122.0 
128.0 

157.5 
153.5 
143.5 
140.0 
138.0 
137.0 
139.0 
136.0 

( h )  M = 0.75, J = 3.5 

Harmonic I Transducer 

I 

--e-- 

I I I 1 1 I I 

aNot v i  s i  b l e  above tunnel background noise. 
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TABLE 111. - Continued. 

(j) M = 0.75, J = 3.06 

1 2 3 4 5 6 

Harmonic 
number 

7 8 10 11 12 

1 1 2  1 3 1  4 5 6 7 8 9 10 11 12 

Harmoni c Transducer . 

158.5 
150.0 
145.0 
142.5 
139.5 
135.0 
131 .O 
127.5 

156.0 
149.5 
143.0 
141.5 
140.5 
138.0 
132.5 
131.5 

152.0 
148.5 
143.5 
138.0 
137.5 
135.5 
134.0 
128.5 

151.5 
148.5 
141.5 
138.0 
128.0 
130.0 
131.5 
132.0 

1 (EPF) 
2 
3 
4 
5 
6 
7 
8 

( k )  M ; 0.75, J = 2 75 

Harmonic 
number 

Transducer 

I I I I I I L I 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

160.5 
155.0 
148.0 
146.0 
141 . O  
137.0 
133.0 
(a )  

161 . O  
153.5 
145.0 
148.5 
140.0 
135.0 
135.0 
132.5 

160.0 
154.0 
143.0 
145.0 
143.5 
135.0 
126.5 
128.0 

154.0 
155.5 
148.0 
136.0 
138.0 
140.0 
138.0 
132.5 

155.5 
149.0 
145.0 
133.5 
137.0 
132.0 
134.0 
131.5 

152.5 
150.0 
143.5 
136.5 
132.0 
131.5 
131 . O  
130.0 

153.5 
139.0 
137.5 
137.0 
127.0 
130.0 
129.0 
125.0 

----- 

~~~~ ~~ 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/mZ I 
1 (EPF) 
2 
3 
4 
5 
6 
7 
8 

----- ----- I ----- 

aNot v i  s i  b l e  above tunnel background noise. 
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TABLE 111. - Continued. 

(m)  M = 0.7, J = 3.25 

Harmonic I Transducer I 
number - J 

1 2 3 4 5 6 7 8 9 10 11 12 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

, 145.0 
134.0 
( a )  

----- 
--e-- ----- 
--e-- 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 
. 

I - .\ 

Sound pressure ! l e v e l  o f  harmonic, SPL, dB, r e f  

148.0 
138.5 
133.0 
(a) 

150.0 
142.5 
138.0 
135.0 
131.5 
127.0 
124.0 

( a )  

151 .O  
146.5 
144.5 
137.5 
135.5 
134.0 
131.5 
130.0 

150.0 
146.0 
141 .O  
136.5 
133.5 
128.5 
128.0 
127.0 

149.5- 
143.0 
139.5 
132.5 
128.0 
125.0 

( a )  ----- 

137.5 
137.5 

( a )  --- 
141.5 

( a )  
149.0 141.5 
137.5 I 136.0 

1 (BPF) 
2 

132.5 135.0 
129.5 I 130.5 

----I ---- 
----- I ----- 

( n )  M = 0.7, J = 3.06 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

147.5 
143.5 
141.5 
136.5 
132.0 
130.0 
126.0 

( a )  

150.5 
151 . O  
144.0 
140.5 
137.0 
137.5 
135.0 
132.0 

148.0 
150.0 
143.0 
138.0 
134.0 
134.5 
134.5 
132.0 

148.0 
148.0 
142.0 
136.0 
131 .O  
128.0 
128.0 
125.0 

150.0 
140.5 
140.0 
134.5 
129.0 

( a )  ----- 
----- 

147.0 I 144.0 I 140.0 
136.5 
134.0 
129.0 
127.0 

( a )  

134.0 
134.0 
133.0 
130.5 
(a)  

133.5 
134.5 

I ----- I ----- ----- 

( 0 )  M = 0.7, J = 2.75 

I Sound pressure l e v e l  of harmonic, SPL, dB, r e f  Z X ~ O - ~  N/mL 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

144.0 
144.0 
135.0 
132.0 
(a )  ----- 
--I- ----- 

154.0 
147.5 
144.0 
140.0 
134.5 
131.5 
128.0 
(a)  

159.0 
152.5 
147.5 
143.0 
141 .O 
138.0 
137.0 
135.0 

157.5 
149.0 
145.5 
138.0 
128.0 
131 .O  
134.0 
128.0 

148.0 
144.0 
141 .O  
134.5 
133.5 
129.0 
130.0 

( a )  

146.0 
138.5 
137.5 
136.5 
131.5 
130.0 
129.5 
127.5 

146.0 
144.0 
137.5 
135.5 
131.5 
126.0 
126.0 
127.0 

158.0 
152.0 
146.5 
136.0 
140.5 
139.0 
136.0 
134.0 

158.0 
151 .O  
147.5 
131 .O  
136.0 
135.0 
133.0 
132.0 

I I I 
~~~~~~~ ~ 

tunnel background no ise .  3Not v i  s i b  
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Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure level of harmonic, SPL, dB, ref Z X ~ O - ~  N/m2 

1 1 2  3 4 5 1 6 1  7 1 8 1  9 1  10 I 1 1  12 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure level of harmonic, SPL, dB, ref 2 ~ l O - ~  N/m2 

148.5 
143.0 
138.5 
132.5 

i 128.0 
i 126.0 
I 123.0 
I 120.0 

1 (BPF) 

7 
8 

I I I I I I I 

( q )  M = 0.65. J = 3.25 

Harmoni c 
number 

Transducer 

I I I I I I I I I I I 

Sound pressure level of harmonic, SPL, dB, ref Z X ~ O - ~  N/m2 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

142.0 
136.5 
( a )  

e---- ----- 

( r )  M = 0.65, J = 3.06 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

( a )  ----- 143.5 
( a )  

147.0 
137.0 
!33.5 
129.0 
126.0 
( a )  ----- ----- 

142.5 
142.0 
136.5 
131 . O  
127.5 
( a )  ----- ----- 

140.5 
141 . O  
134.0 
128.0 
126.0 
( a )  

aNot visible  above tunnel background noise. 
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Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/m2 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2x10'5 N/m2 

1 (BPF) 
2 

~~ ~ 

141.5 
137.0 
135.5 

(a )  

142.5 
140.0 
132.0 
129.5 
(a) ---- 

143.5 
140.5 
135.5 
130.5 
128.0 
125.0 
122.0 
119.0 

152.5 
143.0 
145.5 
142.5 
136.5 
133.5 
132.0 
130.0 

156.5 
152.5 
148.0 
144.5 
140.0 
138.5 
135.5 
134.0 

154.5 
152.5 
146.5 
142.0 
135.0 
133.5 
131 .O  
131 .O  

~~~ 

152.5 
150.0 
145.0 
141 .O  
132.0 
130.0 
127.5 
123.0 

I :E I 
3 
4 
5 

133.0 
136.5 
130.0 

134.5 
128.5 
127.0 
127.0 
123.0 

6 
7 

127.0 I :E! 1 ----- 
e---- 8 

( t )  M = 0.6, J = 3.5 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

( a )  

--- 
e---- --- 

(u )  M = 0.6, J = 3.25 

Harmonic Transducer 
number 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l eve l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/m2 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

aNot v i s i b l e  above tunnel background noise. 
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TABLE 111. - Continued. 

( v )  M = 0.6, J = 3.06 

Harmonic I Transducer 1 
number - 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic. SPL, dB. r e f  Z X ~ O - ~  N/m2 r- 

1 2 3 4 5 6 7 8 9 10 11 12 

141 .O 
129.5 

( a )  

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

(a) 134.5 
(a )  

I 1 I I I I I 

( w )  M = 0.6, J 2.75 

I Harmonic I Transducer I 

134.5 
(a) 

134.5 
(a )  

144.5 
133.0 

( a )  

148.0 
136.0 
133.5 
127.5 
123.0 

( a )  ----- ----- - 

149.5 
141.5 
138.5 
131 . O  
126.5 
122.5 
119.0 

(a )  

148.5 
139.0 
135.0 
125.0 

( a )  

147.5 
137.5 
131.5 
123.0 

( a )  

135.5 
132.0 

(a )  

140.0 
(a )  

----- 
----- 

aNot v i  s i  b l e  above tunnel background noise. 
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TABLE I V .  - NOISE DATA AT 60.1' BLADE ANGLE 

(a) M = 0.9, J = windmi l l  = 3.72 

I Harmonic I Transducer 1 
number . 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

1 2 3 4 5 6 7 

----- 

8 9 10 11 12 

----e 

138.0 
~ 124.0 

131.0 
' 132.5 

149.0 
133.5 
141 .O 
137.0 

(a) ----- 
----e 

141.5 139.5 
130.0 135.0 

135.0 126.0 
136.0 128.0 

151.5 
136.5 
141 .O 
136.0 
135.0 
128.0 
123.5 
(a )  

149.0 
141 . O  
141 . O  
142.0 
137 .O 
133.0 
136.5 
131 . O  

141.5 
140.0 
144.5 
145.0 
143.0 
137.5 
132.0 
123.0 

145.5 
141 . O  
143.5 
144.5 
143.0 
139.5 
136.0 
126.0 

142.5 
139.0 

-e--- ---__ 

(b)  M = 0.9, J = 3.5 

Harmoni c Transducer 
number 

1 1  2 1  3 1  4 1  5 1  6 1  7 1  8 1  9 1  10 I 11 I 12 

( c )  M = 0.9, J = 3.25 

)onicI- Transducer 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

(a )  148.0 
137.5 
131.5 

(a )  ----- 
e---- ----- 
---e- 

157.5 157.0 
148.5 134.5 
143.0 136.0 
137.5 127.5 
133.0 1 (a )  
129.0 ---- 

( a )  ----- 
----e ----- 

158.5 
144.5 
138.5 
136.5 
134.0 
121 .o 
127.0 
122.0 

157 .O 
147.0 
143.5 
137.0 
136.0 
136.5 
134.0 
130.0 

150.5 I ~~l:~ 1 142.5 
150.0 147.5 
149.5 150 0 147.0 
145.0 I 147:O I 143.5 

I I 

aNot v i  s i  b l e  above tunnel background noise. 
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TABLE I V .  - Continued. 

( d )  M = 0.9, J = 3.06 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

number . 
1 2 3 4 5 6 7 8 9 10 11 12 

- - 

145.0 
147.0 
145.0 
137.5 
132.0 
136.0 
134.0 

i 130.0 

I ----- 
I ----- 

Harmonic 
number 

1 (BPF) 

7 
8 

- 
148.0 
139.0 
133.0 
128.0 
123.0 

( a )  ----- 

~~~ 

157.5 
148.5 
144.5 
140.5 
136.0 
132.5 
130.0 
126.0 

162.0 
144.5 
141 . O  
141.5 
136.5 
134.0 
130.5 
121 .o 

~~ 

162.0 
148.5 

159.5 
148.5 
146.0 
137.5 
138.5 
137.5 
131.5 
131 . O  

157.0 
152.0 
150.5 
143.5 
126.5 
134.0 
131 . O  
126.0 

147.5 
134.5 
133.5 
130.0 
122.0 

( a )  ----- 

( e )  M = 0.85, J = 3.75 

Harmonic I Transducer 

Sound pressure l e v e l  o f  harmonic, SPL, dB,  r e f  Z X ~ O - ~  N/mZ I 
152.5 
141.5 

( a )  

156.0 
145.5 
145.3 
132.5 

( a )  ----- 

154.5 
151 .O  
134.0 
143.5 

( a )  ----- 

144.0 
150.0 
145.5 
132.0 
141 .O 
138.0 
125.0 
129.5 

135.0 
140.0 
139.5 
136.0 
133.5 
132.0 
131.5 
128.0 

143.0 
135.5 

( a )  

1 (BPF) 
2 

( f )  M = 0.85, J = 3.5 

Harmoni c 
number I Transducer I 

I I I I I I I I I I I t Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 1 
1 (BPF) 
2 

( a )  153.5 
145.5 
137.0 
130.5 

( a )  ----- 

157.5 
146.0 
148.0 
136.0 
133.0 
131 . O  

( a )  
( a )  

156.5 
152.0 
141.5 
142.0 
134.0 
132.0 
128.5 
127.0 

151.5 
153.5 
!44.!? 
140.0 
141 . O  
132.0 
130.0 
128.5 

151.5 
151 . O  
!47.0 
138.5 
134.5 
136.0 
134.0 
131.5 

147.0 
149.5 
144.c 
138.0 
133.0 
135.0 
133.0 
129.0 

143.5 
136.5 
135.0 
135.0 
132.0 
130.0 
125.0 
123.5 

136.5 
( a )  _____ 3 

4 
5 
6 ----- ----- ----- 

~~ 

aNot v i s i b l e  above tunnel background noise.  
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- 
Harmonic Transducer 

number 
1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/m2 

- 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l eve l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/m2 

(a )  (a )  (a )  143.0 151.0 155.5 159.5 160.5 159.0 154.0 156.5 147.0 ----- -I-- ----- (a) 141.5 146.5 143.5 149.0 155.5 156.5 156.0 137.5 ----- ----- ----- ----- 132.5 141.0 145.0 147.5 133.5 148.5 148.0 132.0 - ---- ----- ----- ----- 127.0 134.5 143.5 !33.5 146.0 138.0 138.0 137.5 ----- ----- ----- ----- (a) 128.5 132.0 139.0 137.0 143.0 140.5 132.0 
-I-- I--- ----- ----- (a)  (a )  132.0 135.0 142.0 143.0 134.5 

(a )  128.0 134.5 140.0 127.0 
127.5 136.0 135.0 123.0 

----- - ---- ----- ----- ----- ----- ----- ----_ ----- ----- ----- ----- ----- ----- ----- 

1 2 3 4 5 6 7 8 9 10 11 12 

- 
142.5 
141.5 
138.0 
131.5 
128.5 
130.0 
127.5 
(a )  

~ 

158.0 
149.5 

157.0 
154.0 
140.5 
142.0 
140.0 
130.0 
134.0 
121 .o 

155.0 156.0 
136.0 143.5 
(a) 146.5 ----- 139.0 

(a )  --- 
--e-- ----- 

145.5 
135.5 

Harmonic 
number 

1 (BPF) 

7 
8 

( i )  M = 0.8, J = w indmi l l  = 4.1 

Harmonic 
number 

1 (BPF) 
2 

aNot v i  s i  b l e  above tunnel background noise. 
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Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

Harmon i c 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

156.5 
147.5 
144.0 
140.0 

(a )  ----- 
----- 
----- 

157.5 
148.5 
143.0 
143.5 
139.0 
133.0 
132.5 
129.5 

1 2 3 4 5 6 7 8 9 10 11 12 

143.5 143.0 142.0 143.0 149.5 157.5 160.5 159.5 155.0 149.5 
(a )  (a )  ( a )  (a )  135.5 148.0 150.5 151.5 152.5 148.0 ----- ----- ----- ----- (a )  145.5 146.5 142.0 145.0 142.0 

----- ----- ----- -_-__ ----- 140.0 146.0 143.0 134.5 131.5 
----- ----- ----- ___-_ ----- 133.5 137.0 141.0 135.5 131.0 
----- ----- ----- ----- _____ (a )  135.0 130.0 139.0 131.5 
----- ----- ----- ----- ----- ----- 133.5 128.0 136.5 130.0 
----- ----- ----- ----- --___ ----- (a )  128.5 131.5 131.5 

147.5 147.0 
145.0 138.0 
141.0 ( a )  
135.5 134.5 

(a )  128.5 
130.0 131.0 
127.5 ( a )  
128.0 ( a )  

1 (BPF)  
2 

154.0 150.5 145.0 
148.0 146.5 146.0 
144.0 144.0 141.5 
140.0 136.0 135.0 
138.0 137.0 130.0 
136.0 134.5 127.0 
130.0 132.5 127.0 
129.0 128.0 128.0 

( k )  M = 0.8, J = 3.5 

142.5 
( a )  

142.5 
(a) 

156.0 
149.5 
143.0 
138.5 
139.0 
135.0 
130.0 
128.0 

148.0 
147.5 
143.5 
138.5 
131 . O  
133.0 
133.5 
131 .O 

152.0 
146.0 
139.5 
130.5 
130.5 

(a )  
( a )  
(a )  

152.5 
141 . O  
137.0 
132.5 
128.0 
(a )  ----- 

----- 

142.0 
139.0 
134.5 
132.0 
130.5 

( a )  

1 ( B P F )  
2 
3 
4 
5 
6 
7 
8 

I 

(1 )  M 0.8, J = 3.25 

Harmonic I Transducer 
number 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

I 

I aNot v i  s i  b l e  above tunnel background noise.  
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TABLE I V .  - Continued. 

(in) M = 0.8, J = 3.06 

1 2 3 

I Haimoni c 1 
4 5 6 7 8 9 10 1 1  12 

Transducer 

' 150.5 
138.5 
138.0 
135.5 
132.0 
130.0 
124.5 
127.0 

155.0 
150.5 
147.5 
136.5 1 129.5 
133.0 
133.0 
128.0 

142.5 
142.0 
133.0 
130.0 
130.5 

143.5 
134.0 
133.5 
123.0 
128.0 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure  l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

1 (BPF) 
2 

156.5 
148.0 
143.5 
139.0 

( a )  ----- 

162.5 
147.5 
148.5 
146.0 
134.0 
132.5 
132.0 

( a )  

161.5 
151 . O  
142.5 
145.0 
139.5 
128.0 
126.5 
123.0 

160.5 
154.0 
144.0 
136.0 
141 . O  
139.0 
134.0 
132.0 

158.0 
152.5 
146.5 
137.0 
133.0 
136.5 
134.0 
131.5 

142.0 
( a )  

(n)  M = 0.8. J = 2.82 

I I Harmonic I Transducer 

I I Sound pressure  l e v e l  o f  harmonic, SPL, dB. r e f  2 ~ 1 0 ' ~  N/mL 

1 (EPF) 140.5 142.0 144.0 149.5 153.0 161.5 166.5 165.5 I ( a )  1 ( a )  I ( a )  1 139.0 1 i:::! I 145.0 I iii:! I 153.5 
131 . O  145.0 148.0 I f ----- ----- ----- 

161 . O  
157.0 
146.0 
142.5 
142.5 
138.0 
134.5 
134.0 

162.0 
157.5 
149.5 
139.0 
142.0 
143.5 
138.0 
136.0 

162.5 
153.5 
148.5 
139.5 
142.0 
141 . O  
137.0 
130.0 

151.5 
147.0 
135.5 
134.0 
135.0 
128.0 
125.0 

( a )  

( 0 )  H = 0.75, J = 3.75 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

144.0 
135.5 

( a )  ----- 
e---- ----- ----- 
e---- 

148.5 
144.0 
142.0 
136.5 
131.5 
128.0 
129.5 
127.0 

147.0 
141 . O  
139.5 
135.0 

( a )  ----- 
e---- ----- 

145.5 
137.0 

( a )  

130.0 
127.5 

aNot v i s i b l e  above tunnel background no ise .  
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Harmonic 
number 

I I I I 1 I I I I I I t Sound pressure level of harmonic, S P L ,  dB ,  ref Z X ~ O - ~  N/m2 

Transducer 

1 1  2 1  3 1  4 1  5 1  6 1  7 1  8 1  9 1  10 I 11 I 12 

147.5 
143.5 
138.0 I- ----- 133.5 

----- 

, number 
1 2 3 4 5 6 7 8 9 10 11 12 

- - 

1 2 3 4 5 6 7 

150.0 
149.0 

133.5 
( a )  

143.5 137.5 
132.5 I 132.5 

136.5 
131.5 

147.0 
147.0 
141.5 
134.5 
130.0 
130.0 
129.0 
127.0 

2 

I %:: I 143.5 
136.0 
134.0 137.0 

135.0 
132.0 
129.0 

134.0 
134.0 
130.0 
I 

(4) M 0.75, J = 3.25 

Transducer 

Sound pressure level of harmonic, S P L ,  d B ,  ref 2 ~ 1 0 - ~  N/mL I I 
149.5 
143.5 
137.0 
132.5 
129.0 
( a )  ----- ----- 

157.0 
152.5 
146.0 
143.0 
141 . O  
137.0 
133.0 
130.0 

156.5 
153.0 
143.5 
138.0 
141 . O  
139.0 
134.5 
134.0 

155.0 
152.0 
144.0 
130.5 
136.5 
136.0 
131.5 
131 .O 

154.0 
144.0 
144.0 
135.0 
129.5 
127.0 
129.0 
124.0 

151.5 
145.5 
138.5 
132.5 
128.5 
126.0 

( a )  ----- 

148.5 
139.0 
138.0 
130.0 
132.0 
( a )  ----- 

----- 

146.5 
143.5 
137.0 
134.0 
129.0 
127.0 
( a )  ----- 

1 ( B P F )  
2 
3 
4 
5 
6 
7 
8 

~ 

( r )  M = 0.75, J = 3.06 

Harmonic I Transducer 

8 9 10 11 12 

d B ,  re ' Z X ~ O - ~  N/m2 Sound pressure level of harmonic, SPL I 
1 ( B P F )  
2 
3 
4 
5 
6 
7 
8 

159.5 
152.5 
146.5 
143.5 
139.5 
135.5 
133.5 
130.0 

160.5 
153.0 
143.5 
141 .O  
141 . O  
137.0 
135.5 
135.0 

158.0 
153.0 
147.0 
133.0 
138.0 
135.0 
132.5 
129.0 

153.0 
151 . O  
14h.S 
140.0 
130.0 
131.5 
130.0 
130.5 

157.5 
149.5 
l 3 7 , 5  
138.5 
129.0 
129.0 
125.0 
126.0 

157.5 
139.5 
141 .o 
131 . O  
129.0 
130.0 
( a )  ----- 

143.0 
140.0 
!?e.!! 
136.5 
128.5 
126.5 
126.0 
125.0 

aNot v i  si bl e above tunnel background noise.  
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TABLE I V .  - Continued. 

( 5 )  M = 0.75, J = 2.75 

Harmon; c 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure level of harmonic, SPL, dB,  ref 2 ~ 1 0 ' ~  N/m2 

156.5 
142.0 
141 .O 
139.0 
131 . O  
132.5 ' 126.0 
129.0 

Harmon; c 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure level of harmonic, SPL, dB, ref 2 ~ 1 0 ' ~  N/mZ 

1 2 3 4 5 6 7 8 9 10 11 12 

145.5 
134.5 
( a )  ----- ----- ----- ----- ----- 

148.0 
144.0 
139.5 
135.0 
130.0 

, 128.5 
126.0 
122.5 

1 (BPF) 
2 

150.5 
142.5 
132.5 
128.5 
( a )  ----- 

152.0 
147.0 
138.5 
128.0 
( a )  ---- 

163.5 
157.5 
152.5 
147.5 
143.0 
139.0 
136.0 
132.0 

165.0 
157.5 
143.0 
147.0 
139.5 
139.0 
136.0 
134.5 

163.5 
158.0 
147.0 
146.0 
142.5 
131.5 
135.0 
128.5 

160.5 
159.0 
150.5 
139.5 
142.0 
140.0 
135.0 
134.0 

158.5 
152.0 
147.0 
142.5 
143.0 
133.0 
136.0 
132.5 

155.0 
152.5 
147.0 
140.0 
140.0 
134.0 
136.0 
131 .5 

----- ----- 

( t )  M = 0.7, J = 3.75 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

( u )  H 0.7, J = 3.5 

Harmonic I Transducer I 

141 .O 
141 .O  
137.5 
132.5 
129.0 
126.0 
( a )  ----- 

134.5 139.0- 
137.5 137.5 
135.5 ( a )  
130.0 ----- 

--e-- ( a )  ----- ----- ----- e---- 

----- 

I ----- ----- 
I I I I 

tunnel background noi se .  aNot v i  s i  ble above 
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TABLE I V .  - Continued. 

( v )  M = 0.7, J = 3.25 

Harmonic I Transducer 1 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  of harmonic, SPL, dB. r e f  2~10'~ N/m2 

1 2 3 4 5 6 7 8 9 10 1 1  12 

153.0 
147.n 
142.0 
139.0 
135.0 
129.0 

I 133.0 
127.0 

144.0 141 0 150 5 152 5 155.0 
l a )  I 13610 1 13910 I 143:s I 149.5 155.0 

149.5 
143.5 
138.0 
132.5 
127.0 
127.5 
126.0 

154.0 
146.0 
142.5 
132.5 
129.5 
123.0 

( a )  

147.5 143 5 143.0 
142.0 I 139:s I 137.0 152.0 

140.0 
136.5 
129.0 
127.0 
124.0 

( a )  

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

136.5 
131.5 
128.0 

( a )  ----- 

136.0 
131 . O  

( a )  

----- I ----- ----- ----- I 

( w )  M = 0.7, J = 3.06 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

152.0 
140.5 
134.5 
132.0 

( a )  ----- 
----e ----- 

150.0 
145.5 
143.5 
138.5 
134.0 
132.0 
127.0 

( a )  

154.0 
154.0 
148.5 
144.0 
138.5 
138.0 
134.0 
131 . O  

153.5 154.5 151.0 ::;:: I 151.0 I 148.0 1 137.5 
148.0 146.5 144.0 137.0 

147.5 
136.0 
137.5 
133.5 
133.0 

( a )  ----- --___ 

141.6 139.0 135.0 136.5 
134.0 I 131.0 I 130.0 I 130.5 
134.0 127.0 126.0 127.0 
133.0 127.0 125.0 123.0 
130.0 1 ( a )  1 ( a )  I ( a )  

( x )  M = 0.7, J 2.75 

Harmonic 
number 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

144.0 
140.0 

( a )  

147.5 
141.5 
134.5 
131 . O  

( a )  ----- 
e---- ----- 

157.0 
148.5 
144.5 
139.0 
137.0 
133.0 
128.0 

( a )  

163.0 
155.5 
147.5 
146.5 
143.0 
139.5 
137.0 
132.0 

162.0 
156.0 
147.0 
143.0 
143.0 
138.0 
136.5 
133.0 

161.5 
155.0 
148.0 
138.0 
143.0 
136.5 
132.0 
132.5 

161 . O  
153.5 
149.0 
140.0 
137.0 
139.5 
133.0 
137.0 

156.5 
151 . O  
139.0 
134.5 
140.0 
133.0 
125.0 

( a )  

146.0 1 
1 4 . Q  
139.0 1 
139.0 
130.0 
131 . O  
131.5 

----- 
127.0 I ----- 

aNot v i  s i  b l e  above tunnel background noise.  
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TABLE I V .  - Continued. 

( y )  M 0.65, J = 3.75 

Transducer 

1 2 3 4 5 6 7 a 9 10 11 12 

Harmonic 
number 

1 (BPF) 

6 
7 
8 

7 a 1 2 3 4 5 6 9 10 11 12 

: Z X ~ O - ~  N/m2 If harmo i i c ,  SPL dB, r e  

---I I--- ----- 

( 2 )  M = 0.65. J = 3.5 

rHarmonic 1 
~ 

Transducer I 

1 (BPF) p 7 

143.0 141.5 140.0 137.5 133.5 
131.0 128.0 (a )  (a )  (a )  

(a )  ----- ----- ----- (a) 

132.5 
(a )  

I 

(aa) M = 0.65, J = 3.25 

Transducer I Harmonic 
number 

1 (BPF) 

1 2 3 4 5 6 7 a 9 10 11 12 

Sound pressure level o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/mZ 

136.0 
133.0 

(a )  ----- 
---e- 

----- 
I I I 1 

aNot v i  s i  b l e  above tunnel  background noise. 
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TABLE I V .  - Continued. 

(bb) M = 0.65, J = 3.06 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

151.0 
141.0 
135.5 
133.5 
128.5 
127.0 
122.0 

( a )  

153.5 
146.5 
141.5 
137.5 
134.5 
134.0 
129.0 
126.0 

142.0 
142.0 
132.0 
126.0 

145.0 
138.5 
135.0 
130.0 

144.0 
134.5 
133.5 

(a )  

137.0 
133.5 
( a )  ----- 

1 2 3 4 5 6 7 8 9 10 11 12 

4 
5 
6 
7 
8 

(a)  131.0 127.0 129.5 142.0 145.0 143.5 140.5 133.0 133.0 138.5 129.0 
----- (a) (a )  131.0 135.5 141.5 138.0 134.0 125.0 128.0 127.0 131.0 
----- ----- ----- 125.0 133.0 139.0 135.0 133.5 124.0 123.0 126.0 130.0 
----- ----- ----- 122.0 132.5 136.0 132.0 128.0 123.0 125.5 124.5 125.0 -____ ----- ----- (a)  130.0 135.0 134.0 125.0 122.5 120.0 122.0 121.0 

1 2 3 4 5 6 7 8 9 10 11 12 

~ 

136.0 1 136.0 I 145.5 
139.0 138.5 134.5 

149.0 
144.5 
137.0 
135.5 

144.0 
143.0 
134.5 
131 . O  
127.0 
125.0 

( a )  ----- 

1 (BPF) 
2 

(a )  ----- (a )  

129.0 
128.0 

----- 
( a )  ----- 

(CC)  M = 0.65, J = 2.75 

Harmonic I Transducer 

1 (BPF) 
2 
3 

157.5 156.5 155.0 153.0 152.5 152.5 146.0 izi:! 1 152.0 1 153.5 1 ;:%!:! I M4:: I 140.0 I ::;:: I 138.0 
144.5 148.5 145.5 134.5 134.0 

(dd) M = 0.6. J = 3.75 

Harmonic 
number 

Transducer 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

aNot v i s i b l e  above tunnel background noise. 
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TABLE IU. - Continued. 

- 
Harmon i c Transducer 

number 
1 2 3 4 5 6 7" 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL. dB, r e f  Z X ~ O - ~  N/m2 

(a )  (a )  ----- ( a )  1 (BPF) 
2 
3 
4 
5 
6 

----- 

( f f )  M = 0.6, J = 3.25 

Transducer 

1 1  2 1  3 1  4 1  5 1  6 1  7 1  8 1  9 1  10 I 11 I 12 

Harmonic 
number 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

Sound pressure l eve l  o f  harmonic, SPL. dB, r e f  Z X ~ O - ~  N/mZ 

142.0 
( a )  

(gg) M = 0.60, J = 3.06 

Harmonic Transducer 
number 

1 2 3 4 5 6 7 8 9 10 11 12 

o f  harmonic, SPL, dB, r e f  zX 10-5 

143.5 
( a )  

N/mZ 

140.0 
(a )  

Sound pressure 1 eve1 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

135.0 
( a )  

----- 

aNot v i s i b l e  above :unnel background noise. 
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Harmonic 
number 

1 (6PF) 
2 
3 
4 
5 
6 
7 
8 

Transducer 
. 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  of harmonic, SPL,  dB, r e f  2 ~ 1 0 ' ~  N/m2 

1 

aNot v i s i b l e  above tunnel background no ise .  
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TABLE V. - NOISE DATA AT 63.3" BLADE ANGLE 

(a) M = 0.9. J = 4.25 

I Harmonic I Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Harmonic 
number 

~~~ 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  of harmonic, SPL. dB, r e f  Z X ~ O - ~  N/m2 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

(a )  133.5 
(a )  

146.0 
(a )  

147.0 
146.0 
139.5 

132.0 
130.5 
125.0 
124.0 

, 133.0 

142.5 
145.5 
144.5 
141.5 
129.0 
128.0 

139.0 
143.5 
144.5 
143.5 
138.0 
131 .O  
126.0 
131.5 

140.0 
144.0 
143.5 
142.5 
139.0 
134.5 
126.0 
131 . O  

132.0 
(a )  

(a )  

----- 
----e ----- e---- ----- 

----- I--- ----- 132.0 
127.5 ----- 

(b )  M = 0.9, J 4.0 

6 r m o n i c  I Transducer 

T ( B P F )  
2 
3 
4 
5 
6 
7 
8 

146.5 
148.5 
145.0 
138.5 
130.0 
133.5 
130.5 
(a )  

~ ~~ 

141 .O  
147.0 
146.5 
143.0 
135.5 
128.0 
132.0 
132.0 

136.0 
147.0 
145.5 
143.5 
138.0 
132.0 
131.5 
133.5 

( c )  M = 0.9, J 3.75 

154.5 
142.5 
138.0 

( a )  

(a) 1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

146.5 
149.0 
147.5 
142.0 
133.0 
133.0 
134.5 
133.0 

I I 

aNot v i  s i  b l e  above tunnel background noise. 
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TABLE V .  - Continued. 

( d )  M = 0.9, J = 3.5 

Harmonic 
number 

Transducer 
. 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ l O - ~  N/m2 

156.0 
151.0 
142.0 
128.5 
133.0 

( a )  ----- ----- 

153.5 150.0 147.0 
152.5 152.0 140.0 
148.5 149.0 139.5 
138.0 140.5 134.5 
135.0 135.0 130.0 
139.0 139.0 ( a )  
135.0 137.0 ----- 
126.0 133.5 ----- 

Harmon i c 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

136.5 
( a )  ----- ----- ----- ----- ----- ----- 

145.0 154.0 164.0 
138.5 147.0 156.0 
132.0 141.5 151:O 
127.5 138.5 148.5 
125.0 135.0 144.0 

( a )  132.0 140.0 ----- 129.0 137.0 ----- 126.0 132.0 

( a )  156.0 
138.5 
136.5 
136.0 
128.5 

( a )  ----- ----- 

157.5 
145.5 
137.5 
134.0 
132.0 

( a )  

( e )  M = 0.9, J = 3.25 

I Harmonic I Transducer 

146.0 
137.0 
131 . O  
126.0 

( a )  

152.5 
150.5 
145.5 
137.5 
132.0 
133.0 
127.5 
122.5 

156.0 
146.0 
141 . O  
136.5 
132.5 
130.5 
128.0 

( a )  

162.5 
148.5 
146.0 
136.0 
129.0 
127.0 
127.0 

( a )  

158.5 
155.0 
149.0 
132.5 
141.5 
140.0 
125.0 
131 . O  

157.5 
155.0 
151 . O  
137.5 
142.0 
143.0 
135.0 
132.0 

1 (BPF) 

7 
8 

165.0 
155.0 
151.5  
148.0 
142.5 
140.0 
137.0 
131 . O  

159.5 
158.0 
!4?.5 
141.5 
146.0 
141.5 
134.0 
137.5 

151.5 
145.0 
139.0 
139.0 
132.5 

142.0 142.5 
140.0 144.0 
139.0 134.0 
132.0 135.0 
128.0 I 134.5 125.0 

123.0 I 
J 

aNot v i  s i  b l  e above tunnel background noi  se .  
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TABLE V. - Continued. 

(g )  M = 0.85, J = 4.25 

number 
Harmonic I 

. 
1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL. dB. r e f  Z X ~ O - ~  N/m2 

Transducer 

(a )  ----- ----- ----- 

145.0 153.0 155.5 154.0 149.5 147.5 
(a) 143.5 145.0 149.0 149.0 142.5 

(a )  145.0 140.0 138.0 135.5 
135.0 141.5 139.0 134.0 ----- ----- 

136.5 
133.0 
133.0 
130.0 

131.5 
129.5 

(a )  ---- 

1 2 3 4 5 6 7 8 9 10 11 12 

157.0 
141.5 
146.5 
135.0 

(a )  ----- ----- ----- 

155.5 150.0 147.0 
148.5 149.0 142.0 
142.0 141.0 141.0 
142.0 138.0 132.5 
136.0 138.5 ( a )  
131.0 135.0 ----- 
128.0 134.0 ----- 

( a )  130.0 ----- 

Harmonic 
number 

Transducer . 
1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l eve l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

(a)  ----- 143.0 
(a) 

e---- 

(h )  M = 0.85, J = 4.0 

Harmonic 
number 

Transducer I 

Sound pressure l eve l  o f  harmonic, SPL, dB, r e f  2x10-!-’ N/mZ 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

131.5 
(a )  

137.5 
( a )  

( i )  M = 0.85, J = 3.75 

149.0 
141 .O 
136.5 
134.5 

(a )  ----- ----- 
---e- - 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

158.5 
151 .o 
145.5 
141.5 
135.0 
( a )  ----- ----- 

147.5 
145.5 
137.5 
131 .O 
134.0 

(a )  ----- ----- 

----- e---- 

aNot v i  s i  b l  e above tunnel background noise. 
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TABLE V .  - Continued. 

( j )  M = 0.85, J = 3.5 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Harmonic 
number 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Harmonic 
number 

Transducer 
I 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, re f  Z X ~ O - ~  N/m2 

IJ-7.V 1vu.u 
128.5 139.0 148.0 146.5 
( a )  135.0 142.0 141.0 ----- ( a )  134.0 140.5 

( a )  136.0 
128.0 

___-- ----- ----- ----- --___ 

149.0 
139.0 
137.0 
127.0 
130.0 

160.0 
142.0 
148.5 
140.0 
135.0 
129.5 
129.0 
127.0 

160.5 
148.5 
148.0 
138.5 
133.0 
130.5 
130.5 
128.0 

157.5 
154.0 
136.5 
141.5 
138.0 
136.0 
133.0 
128.5 

157.5 
152.0 
145.0 
135.0 
135.5 
133.5 
137.0 
135.5 

154.0 
150.0 
141.5 
135.5 
130.5 
133.0 
129.5 
132.0 

149.5 
134.5 
136.0 
134.0 
136.0 

( a )  ----- ----- 

( k )  M 0.85, J = 3.25 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

162.0 157.5 
156.0 156.0 
134.0 149.0 
146.0 141.5 
137.0 142.0 
138.0 140.5 
132.0 138.0 T 131.0 135.0 

163.5 
139.0 
144.0 
144.0 
138.0 
133.5 
130.0 
128.5 

164.0 
150.5 
150.0 
131.5 
136.5 
133.0 
127.5 
126.5 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

160.5 
153.0 
149.0 
140.5 
138.0 
138.5 
136.5 
131 . O  

I I I I I 

( 1 )  M = 0.85, J = 3.06 

~~ ~ 

142.0 1-150.5 I 156.5 I 167.0 I 167.0 I ;E;:; 
( a )  140.0 150.0 151.5 150.5 

161.0 I 158.5 I 14351 
157.5 156.0 141.0 . 140.0 .r 

146.0 141.5 139.0 
1 iri9.5 1 i a . 5  j 

144.5 
142.0 
138.0 
138.0 

145.0 
140.5 
139.0 
134.5 

135.0 
131.5 
130.5 
126.5 

aNot v i  s i  b l e  above tunnel background no ise .  
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Harmonic 
number 

Transducer 

1 2 3 . 4  5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, cef 2 ~ 1 0 ’ ~  N/m2 
’ 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ‘ ~  N/m2 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

150.0 
147.5 
139.5 
135.5 
134.0 
133.0 
129.0 
127.0 

146.5 
144.0, 
138.5 
134.0 
129.0 
129.0 
127.0 
123.0 

---e- 

---e- ----- 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

154.5 
147.5 
143.0 
137.0 
133.0 
128.0 

( a )  ----- 

153.0 
148.0 
142.5 
139.0 
136.5 
135.0 
130.0 

(a )  

150.0 
146.0 
141.5 
133.5 
132.0 
133.0 
129.0 
127.0 

( 0 )  H = 0.8, J = 3.75 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

I 144.5 
137.5 

( a )  

----- 
-e--- ----- 
--e-- 

156.5 
149.5 
144.0 
139.5 
136.0 

(a)  ----- ----- 

157.0 
151 . O  
141 . O  
141.5 
140.0 
134.5 
131.5 
129.0 

155.0 
150.0 
142.5 
134.0 
137.0 
134.5 
131 . O  
128.0 

aNot v i  s i  b l e  above tunnel background noise. 
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TABLE V .  - Continued. 

( p )  M = 0.8, J = 3.5 

1 Harmonic I Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

163.5 
153.0 
145.5 
145.5 
141.0 
139.5 
136.5 
134.0 

162.5 159.0 152.5 155.0 
154.5 154.5 151.0 148.0 
140.0 147.5 142.5 145.0 
143.5 136.5 138.5 140.5 
137.0 138.0 137.5 134.0 
134.0 137.0 135.0 133.0 
133.0 134.5 132.5 130.0 
128.0 133.0 129.0 132.0 

1 2 3 4 5 6 7 8 9 10 1 1  12 

155.0 
152.5 
145.5 
134.5 
129.0 
134.5 
130.0 
127.0 

153.0 
151.5 
144.5 
130.5 
131.5 
128.0 
126.5 

( a )  

155.0 
147.0 
135.0 
133.5 

( a )  ----- 

143.0 
141 .O 
136.0 
134.5 

( a )  ----- 

156.5 
151 . O  
144.0 
138.5 
134.0 

( a )  ----- 

159.0 
153.5 
141 .O 
144.0 
139.0 
136.0 
133.5 
128.5 

158.0 
154.5 
141.5 
138.0 
141 .O 
132.0 
133.0 
128.0 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

----- 
----- 

I I I 

( q )  M = 0.8, J = 3.25 

I Harmonic 1 Transducer 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/mZ I I 
1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

148.5 
143.0 
( a )  

160.0 
152.5 
147.5 
142.5 
137.0 
133.5 
( a )  ----- 

151.5 
144.5 
137.0 
132.0 
133.0 
128.5 
127.0 
133.0 

_-__ 

( r )  M = 0.8, J 3.06 

Harmonic I Transducer 

Sound pressure l e v e l  o f  harmonic. SPL, dB, r e f  2 ~ 1 0 - ~  N/mL 1 
162.5 
150.5 
148.0 
145.0 
138.0 
133.0 

( a )  ----- 

166.0 
156.5 

146.5 
138.5 
136.0 
135.0 

1sn.n 

( a )  

165.0 
157.0 
l a? .  5 
147.5 
139.0 
137.0 
132.0 

( a )  

164.0 
157.5 
148.5 
145.5 
142.5 
138.0 
137.0 
136.0 

161 .O 
154.0 
!a?.!! 
141.5 
140.0 
136.5 
134.0 
133.5 

158.0 
151 .O 
!43.5 
139.5 
136.0 
135.0 
131.5 
132.0 

156.5 
141.5 
14C.5 
138.5 
133.0 
131 .O 
128.0 
128.0 

aNot v i  s i  b l e  above tunnel background no ise .  
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TABLE V. - Continued. 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, S P L ,  dB, r e f  2 ~ 1 0 ' ~  N/m2 

- 

1 2 3 4 5 6 7 8 9 10 11 12 

Harmoni c 
number 

Transducer . 
1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, S P L ,  dB, r e f  2 ~ 1 0 ' ~  N/m2 

1 ( B P F )  
2 
3 
4 
5 
6 
7 
8 

(a )  ----- (a)  ----- I ----- I ----- ----- 

I 

( t )  M = 0.75, J = 4.0 

-1 ~ ~~ 

Harmonic I Transducer 

I Sound pressure l e v e l  o f  harmonic, S P L ,  dB, r e f  2 ~ 1 0 ' ~  N/m2 

(a) 1 ( B P F )  
2 
3 
4 
5 

150.0 
143.0 
139.5 
134.5 
130.5 
129.0 
127.0 

(a )  

146.5 
139.0 
136.5 
133.0 
( a )  

135.5 
138.0 

( a )  ----- 
( a )  

132.0 
130.0 ----- 128.0 

---e- 

----- 
I--- ----- 6 

7 
8 

I I I 

(u )  H = 0.75, J = 3.75 

152.0 
147.5 
141 . O  
137.5 
132.0 
128.0 
129.0 
126.0 

1 ( B P F )  
2 

137.5 
(a )  

----- 
--I- 

132.5 
130.0 

I I 

aNot v i  s i  b l e  above tunnel  background noise. 

37 



TABLE V .  - Continued. 

( v )  M 0.75, J = 3.5 

Harmon i c 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure level of harmonic, SPL, d B ,  ref Z X ~ O - ~  N/m2 

1 2 3 4 5 6 7 8 9 10 1 1  12 

1 2 3 4 5 6 7 8 9 10 1 1  12 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

156.5 
152.0 
146.5 
143.5 
138.0 
136.0 
133.0 
129.0 

156.0 
152.5 
146.5 
139.5 
134.0 
134.0 
132.0 
129.0 

154.0 
150.0 
145.0 
135.5 
131.5 
128.0 
126.5 
( a )  

152.5 
146.5 
139.5 
134.0 
131 . O  

127.0 
( a )  

( a )  

148.5 
140.5 
135.0 
132.5 
130.5 
128.5 

( a )  
( a )  

( w )  M = 0.75. J = 3.25 

I Harmonic I Transducer 

Sound pressure level of harmonic, SPL, d B ,  ref 2x10-5 N/m2 I I 
150.0 
144.0 
138.5 
133.5 
129.0 

( a )  

149.5 
149.0 
142.0 
134.0 
132.0 
130.0 
129.0 
( a )  

160.0 
155.5 
150.0 
146.5 
142.5 
139.5 
136.0 
133.0 

160.5 
157.0 
146.5 
144.5 
140.0 
138.0 
137.0 
132.0 

159.5 
156.0 
147.0 
140.5 
141 . O  
134.5 
1.33.0 
128.5 

1 (BPF) 

6 
7 
8 

159.5 
151 . O  
146.0 
134.5 
138.0 
132.0 
132.0 
( a )  

154.5 
146.0 
137.0 
133.5 
134.0 
129.0 
126.0 
( a )  

145.5 
144.5 
136.5 
137.0 
130.5 
130.5 
129.0 
128.0 

( x )  M = 0.75, J = 3.06 

I Harmonic I Transducer I 

I Sound pressure level of harmonic, SPL, d B ,  ref 2~10'~ N/mZ I I 
1 (BPF) 
2 

142.5 
138.5 

!a! 

160.5 
153.5 
139.0 
141 . O  
137.0 

160.5 
145.5 

134.0 
134.5 
135.0 

I A ~  n 
1 - 1  .u 

142.5 
138.0 
!a! 

143.0 
140.0 

!a)  ----- 
145.5 
148.0 
137.0 
135.0 
( a )  

161.5 
155.0 
150.0 
145.0 
141 . O  
138.5 
136.0 
131.5 

142.5 
I W . 5  
137.0 
133.0 
130.5 
127.0 
125.0 

3 
4 
5 
6 
7 

137.5 133.0 137.0 132.0 
135.0 133.5 132.5 129.0 I 133.0 1 129.0 I 131.5 1 128.0 128.0 

127.5 8 I ----- I I I 

aNot v i s ib le  above tunnel background noise. 
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Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB. r e f  2 ~ 1 0 ' ~  N/m2 

Harmonic 
number 

Transducer - 
1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure leve l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/m2 

Hannoni c 
number 

Transducer 

1 2 3 4 5 6 7 8 9 IO 11 12 

Sound pressure leve l  o f  harmonic, SPL, dB, r e f  2x10" N/m2 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

----- 
I--- 

( 2 )  M = 0.7, J = 4.0 

1 (BPF) 
2 

(a )  

(aa) M = 0.7, J = 3.75 

aNot v i s i b l e  above tunnel background noise. 
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TABLE V.  - Continued. 

(bb) M = 0.7, J = 3.5 

Harmonic 
number r Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  of harmonic, SPL, dB, r e f  Z X ~ O - ~  N/mZ 

1 2 3 4 5 6 7 8 9 10 1 1  12 

158.0 
151.0 
148.0 
142.0 

157.5 
152.0 
145.0 
140.0 

1 2 3 4 5 6 7 8 9 10 1 1  12 

157.0 
155.5 
146.5 
144.0 
140.0 
139.0 
137.0 
134.0 

158.5 158.5 
156.0 154.0 
146.0 145.5 
142.5 140.0 
141.5 136.5 
140.0 135.5 
135.0 133.0 
134.5 128.0 

40 
f 

~~ 

1 (BPF) 
2 

150.5 
139.5 
137.5 

154.0 
148.0 
143.0 
139.5 
137.0 
135.0 
132.0 
129.5 

149.0 
145.5 
140.5 
137.0 
132.0 
129.0 
126.0 
125.0 

142.5 
142.0 
138.0 
132.0 
128.5 

(a )  

146.0 
135.5 

(a )  

144.5 
131 . O  

(a )  3 
4 
5 

135.5 
132.0 
128.0 6 

7 125.0 
(a )  8 

(CC)  M = 0.7, J 3.25 

Harmonic I Transducer 

pressure ! l e v e l  o f  harmonic, SPL dB, r e f  Z X ~ O - ~  N/mZ Sound 

(a )  
143.5 154.5 

148.0 
140.0 
138.5 
133.0 
131 . O  
127.0 

(a) 

146.5 
139.0 
135.0 
131.5 
130.5 
( a )  ----- 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

149.0 
140.0 
139.5 
132.5 
132.0 

(a )  ----_ 
139.5 136.5 I ;:%:: I 132.5 

131.5 I 132.0 I 129.0 

(dd) M = 0.7, J = 3.06 

I Harmonic I Transducer I 

I Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ' ~  N/mZ I I 
1 (BPF) 
2 

151.0 
139.5 
,-$I- r 
153.3 

(a) 

149.5 
138.5 

158.5 
151.5 
142.5 
133.0 
129.0 
129.5 
127.0 

(a )  

155.0 
143.0 
138.0 
137.0 
132.0 
127.0 
125.0 

(a )  

150.5 
141.5 
135.5 
135.0 
129.5 
129.0 
126.5 

(a )  

148.0 
138.0 
133.0 
132.5 
128.0 
132.0 
126.0 
125.5 

152.5 
145.5 
144.5 
137.5 
135.0 
131.5 

(a )  

149.0 
139.5 
( a i  2 

4 

4 
5 (a)  
6 
7 
8 

aNot v i  s i  b l  e above tunnel background noise.  



TABLE V. - Continued. 

(ee) M = 0.65, J = 4.25 

1 2 3 4 5 

Harmonic 
number 

6 7 8 9 10 11 12 

Transducer I 

number . 
1 2 3 4 5 6 7 8 9 10 11 12 

pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

I I I I I I I I I I I 
Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ’ ~  N/m2 

- 

1 (BPF) 
2 

(a )  
-I-- ---- 

( a )  

3 
4 ----- 

--I- 

5 
6 
7 
8 

( f f )  M = 0.65, J = 4.0 

Harmonic I Transducer 1 

(a )  ---- (a)  ----- 
----- 
--I- 

(gg) M = 0.65, J = 3.75 

Harmonic I Transducer 

Sound, 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

----- 
-e--- 

~~ 

aNot v i s i b l e  above tunnel background noise. 
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TABLE V. - Continued. 

(hh) M = 0.65, J = 3.5 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  o f  harmonic, SPL, dB. r e f  2 ~ 1 0 ’ ~  N/m2 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2~10‘~ N/m2 

1 2 3 4 5 6 7 8 9 10 1 1  12 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

139.0 
131 .O 

(a )  

142.5 
132.5 

(a )  

146.5 
135.0 

(a )  

142.5 
(a )  

(ii) M = 0.65, J = 3.25 

(a) 1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

151 .O  
143.5 
135.5 
131.5 
128.0 
(a )  ----- 

149.5 
142.0 
131 .O 

(a )  

I ----- I ----- I ----- ----- 
I 1 I 

(jj) M = 0.65, J = 3.06 

Harmonic I Transducer 1 

I Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/mZ I 
1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

139.5 
139.5 

I =.\ 
\ “ I  ----- 

157.5 
146.5 

135.5 
134.5 
132.0 
127.0 
124.0 

r - n  n 
1 3 Y . U  

154.0 
142.0 
135.5 
134.5 
130.0 
126.5 
123.0 

(a )  

155.5 
146.5 
i34.5 
135.0 
127.5 
125.5 

(a )  ----- 

143.5 
134.5 
132.0 
129.5 
(a )  

I I 1 I I I 

aNot v i  s i  b l e  above tunnel background noise.  
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TABLE V. - Continued. 

(kk) M = 0.60, J = 4.25 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  2 ~ 1 0 ‘ ~  N/m2 

1 2 3 4 5 6 7 8 9 10 11 12 

Harmonic 
number 

Transducer 

1 2 3 4 5 6 7 8 9 10 11 12 

(a)  ----- ( a )  I (a)  I 1 (BPF) 

7 

----- 
--I- ----- 

(11) M = 0.6, J 4.0 

[ Harmonic I Transducer 

1 (6PF) 
2 
3 

(a)  ----- 

(m) M = 0.60, J = 3.75  

1 (BPF) 
2 
3 
4 

( a )  ----- 

5 
6 
7 ----- 8 

~~ ~~~ 

$Not v i s i b l e  above tunnel background noise. 
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TABLE V. - Continued. 

(nn) M = 0.60, J = 3.5 

1 2 3 4 5 6 7 8 9 10 1 1  12 

1 2 3 4 5 6 7 8 9 10 1 1  12 

Harmonic 
number 

Transducer . 
1 2 3 4 5 6 7 8 9 10 1 1  12 

Sound pressure l e v e l  o f  harmonic, SPL, dB, r e f  Z X ~ O - ~  N/m2 

~ ~ 

Transducer Harmonic 
number 

1 (BPF) 

7 
8 

( a )  I ( a )  I (a )  

( 0 0 )  M = 0.6, J = 3.25 

Harmonic I Transducer 

1 (BPF) 
2 
3 
4 
5 
6 
7 
8 

146.0 
128.0 

(a )  ----- 

145.0 
129.5 

(a )  ----- 

I I 

(pp) M = 0.6, J = 3.06 

1 (BPF) 
2 

(a )  140.5 
130.0 
(a )  

aNot v i s i b l e  above tunnel background noise. 
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ORIGINAL PhCT PS 
OF POOR QUALITY 

FIGURE 1. - LARGE-SCALE ADVANCED PROPFAN ON TEST BED AIRCRAFT. 
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c AIRFLOW I 
I 9 

I' - MODEL 
PREPARATION 
BUILDING 

EQUIPMENT 
DRIVE BUILDING 

' \  TUNNEL I BALANCE '-8x6 TEST SECTION 
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(A)  PHOTOGRAPH. 

PROPELLER PLANE 

(B) TRANSDUCER LOCATIONS. 

FIGURE 3. - ACOUSTIC PLATE. 
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FIGURE 5. - COMPARISON OF MAXIMUM BLADE PASSING TONE VARIA- 
TION FROM PREVIOUS DATA WITH PRESENT DATA. 
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FIGURE 6. - MAXIMUM BLADE PASSING TONE VARIATION WITH HELICAL 

T I P  MACH NUMBER AT APPROXIMATELY CONSTANT THRUST. 
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