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NOISE OF A MODEL COUNTERROTATION PROPELLER WITH SIMULATED FUSELAGE 
AND SUPPORT PYLON AT TAKEOFF/APPROACH CONDITIONS 
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Richard P. Woodward and Christopher E. Hughes 
National Aeronautics and Space Administration 

Lewis Research Center 
Cleveland, Ohio 44135 

SUMMARY 

Two modern high-speed advanced counterrotation propellers, F7/A7 and 
F7/A3 were tested in the NASA Lewis Research Center's 9- by 15-Foot Anechoic 
Wind Tunnel at simulated takeoff/approach conditions of 0.2 Mach number. Both 
rotors were of similar diameter on the F7/A7 propeller, while the aft diameter 
of the F7/A3 propeller was 85 percent of the forward propeller to reduce tip 
vortex-aft rotor interaction. The two propellers were designed for similar 
performance. The propellers were tested in both the "clean" configuration, 
and "installed" configuration consisting of a simulated upstream nacelle sup- 
port pylon and fuselage section. Acoustic measurements were made with an 
axially translating microphone probe, and with a "polar" microphone probe 
which was fixed to the propeller nacelle and could make both sideline and cir- 
cumferential acoustic surveys. Aerodynamic measurements were also made to 
establish propeller operating conditions. 
setting angles (front angle/rear angle) of 41.1"/39.4" for the F7/A7 propel- 

over a range of tip speeds from 165 to 259 m/sec (540 to 850 ft./sec), and 

change axis separation, of 14.99 cm (5.90 in.). The data presented in this 
paper are for 0" propeller axis angle of attack. Results are presented for 
the baseline, pylon-alone, and strut + fuselage configurations. The presence 
of the simulated fuselage resulted in higher rotor-alone tone levels in a 
direction normal to the advancing propeller blade near the fuselage. 
sponding rotor-alone tone reduction was often observed 180" circumferentially 
from this region of increased noise. 
both rotors was observed diametrically opposite the fuselage. In some cases, 
interaction tone levels were likewise affected by the simulated installation. 

The propellers were run at blade 

0 ler, and 41.1"/46.4" for the F7/A3 propel ler. The forward rotors were tested 
h 

I both propellers were tested at the maximum rotor-rotor spacing, based on pitch 
0 

d 
w 

A corre- 

A significant rotor-alone increase for 

INTRODUCTION 

Modern high-performance turboprop aircraft offer the promise of considera- 
ble fuel savings while still allowing for a cruise speed similar to that of 
current turbofan aircraft. Advanced counterrotation propellers may offer from 
8 to 10 percent additional fuel savings over similar single rotation propellers 
at cruise conditions (ref. 1). However, there is considerable concern about 
the potential noise generated by such aircraft, which includes both in-flight 
cabin noise and community noise during takeoff and landing. 

This paper presents the acoustic results for a model counterrotation pro- 

Acoustic test results are presented for two model 

peller which was tested in the NASA Lewis 9- by 15-Foot Anechoic Wind Tunnel. 
The test results are for 0.20 axial Mach number, which is representative of 
takeoff/approach operation. 
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p r o p e l l e r s  i n  t h e  b a s e l i n e  o r  " c l e a n "  c o n f i g u r a t i o n ,  and f o r  a s i m u l a t e d  
pusher  i n s t a l l a t i o n  c o n s i s t i n g  o f  a s i m u l a t e d  ups t ream s u p p o r t  p y l o n  and f u s e -  
l a g e  s e c t i o n .  The two t e s t  p r o p e l l e r s  ( d e s i g n a t e d  F7/A7 and F7/A3> b o t h  had 
1 1  f o r w a r d  and 9 a f t  b lades .  B o t h  rotors o f  t h e  F7/A7 p r o p e l l e r  were o f  essen- 
t i a l l y  t h e  same d iamete r ;  w h i l e  t h e  a f t  rotor d iamete r  o f  t h e  F7/A3 p r o p e l l e r  
was 85 p e r c e n t  o f  t h e  f o r w a r d  d i a m e t e r  t o  reduce  i n t e r a c t i o n  tone  l e v e l s  
r e s u l t i n g  from t h e  ups t ream ro to r  t i p  v o r t e x  i n t e r a c t i n g  w i t h  t h e  downstream 
rotor ( r e f s .  2 t o  4 ) .  The F7 ups t ream rotor  was common t o  b o t h  p r o p e l l e r s .  

The two p r o p e l l e r s  were o p e r a t e d  a t  b l a d e  s e t t i n g  ang les  wh ich  gave s i m i -  
l a r  aerodynamic per fo rmance fo r  t h e  p r o p e l l e r s .  These ang les  were ( f r o n t  
r o t o r / a f t  rotor) 41 .1" /39 .4"  f o r  t h e  F7/A7 p r o p e l l e r ,  and 41 .1 /46 .4  f o r  t h e  
F7/A3 p r o p e l l e r .  These b l a d e  s e t t i n g  a n g l e s  r e s u l t e d  i n  a n e a r l y  equa l  fo r -  
w a r d l a f t  t o r q u e  s p l i t  between t h e  two rotors o f  each p r o p e l l e r .  B o t h  p r o p e l -  
l e r s  were o p e r a t e d  a t  t h e  "maximum" s p a c i n g  between f o r w a r d  and a f t  ro tor  
p i t c h  changes a x i s  o f  14.99 cm ( 5 . 9 0  i n . ) .  The ups t ream p y l o n  (when i n s t a l l e d )  
a x i a l  d i s t a n c e  t o  t h e  f o r w a r d  ro tor  was t h e  same fo r  a l l  t e s t s .  R e s u l t s  p r e -  

I sen ted  i n  t h i s  paper  a r e  fo r  0" p r o p e l l e r  a x i s  a n g l e - o f - a t t a c k .  A c o u s t i c  d a t a  
I were t a k e n  w i t h  a t r a c k  microphone probe wh ich  was f i x e d  t o  t h e  t u n n e l  f l o o r ,  

and w i t h  a " p o l a r "  microphone p robe  wh ich  was mounted on t h e  downstream end o f  l 

t h e  p r o p e l l e r  hous ing .  
s i d e l i n e  n o i s e  f i e l d s .  The unequal  b l a d e  numbers o f  t h e  11 /9  c o n f i g u r a t i o n s  
o f  t h e  two p r o p e l l e r s  g r e a t l y  s i m p l i f i e d  t h e  a c o u s t i c  a n a l y s i s  o f  t h e  c o m p l i -  
c a t e d  c o u n t e r r o t a t i o n  p r o p e l l e r  s p e c t r a .  C o r r r e s p o n d i n g  aerodynamic r e s u l t s  

The p o l a r  p robe  assembly surveyed b o t h  t h e  a n g u l a r  and 

I a r e  p r e s e n t e d  t o  e s t a b l i s h  t h e  p r o p e l l e r  o p e r a t i n g  c o n d i t i o n s .  

~ 

APPARATUS AND PROCEDURE 

The NASA Lewis 9- by  15-FOOt Anecho ic  Wind Tunnel i s  l o c a t e d  i n  t h e  
low-speed r e t u r n  l e g  o f  t h e  s u p e r s o n i c  8- by  6-Foot Wind Tunne l .  The maximum 
a x i a l  a i r f l o w  v e l o c i t y  i n  t h e  t u n n e l  i s  s l i g h t l y  o v e r  0 .2 Mach, wh ich  p r o v i d e s  
a t a k e o f f / a p p r o a c h  t e s t  env i ronmen t .  The t u n n e l  a c o u s t i c  t r e a t m e n t  was modi -  
f i e d  t o  p r o v i d e  anecho ic  c o n d i t i o n s  down t o  a f r e q u e n c y  o f  250 Hz, wh ich  i s  
w e l l  be low t h e  range o f  t h e  fundamenta l  t one  produced by  t h e  model p r o p e l l e r s .  

A c o u s t i c  i n s t r u m e n t a t i o n  i n  t h e  9- by  15-Foot Anechoic  Wind Tunnel  con- 
s i s t e d  o f  two r e m o t e - c o n t r o l l e d  a c o u s t i c  p robes ,  a " t r a c k "  p robe  and a " p o l a r "  
p robe.  The probes  were i n s t r u m e n t e d  w i t h  0 .64  cm (0 .25  i n . )  condenser  micro- 
phones. Two microphones were mounted on t h e  t r a c k  p robe  wh ich  was f i x e d  to  
t h e  t u n n e l  f l oo r ,  and one s i m i l a r  mic rophone was mounted on t h e  p o l a r  p robe  
wh ich  was a t t a c h e d  t o  t h e  a f t  p r o p e l l e r  hous ing .  F i g u r e  1 shows t h e  model p r o -  
p e l l e r  and a c o u s t i c  i n s t r u m e n t a t i o n  i n s t a l l e d  i n  t h e  anecho ic  w ind  t u n n e l .  
The s i m u l a t e d  pusher  n a c e l l e  s u p p o r t  p y l o n  and f u s e l a g e  s e c t i o n  a r e  a l s o  i n  
p l a c e .  The p o l a r  microphone assembly i s  i n s t a l l e d  on  t h e  downstream end of 
t h e  p r o p e l l e r  hous ing ,  and a sma l l  s e c t i o n  o f  t h e  t r a c k  mic rophone i s  v i s i b l e  
i n  t h e  lower r i g h t  c o r n e r  o f  t h e  pho tog raph .  The t r a c k  t r a n s l a t i n g  mic rophone 
probe t r a v e r s e d  6 .50  m (21 .33  f t . ) ,  which  cove red  most o f  t h e  8 .2  m (27  f t . )  
l e n g t h  o f  t h e  t r e a t e d  t e s t  s e c t i o n .  The t r a c k  p robe  d a t a  p r e s e n t e d  i n  t h i s  
paper  a r e  f o r  t h e  i n n e r  mic rophone,  wh ich  was l o c a t e d  137 c m  ( 5 4  i n . )  from t h e  
p r o p e l l e r  a x i s  f o r  0" a n g l e  o f  a t t a c k .  T h i s  i n n e r  microphone f o r  t h e  t r a c k  
probe surveyed s i d e l i n e  ang les  from 18 to  150" r e l a t i v e  t o  t h e  a f t  ro tor  a x i s  
of r o t a t i o n  a t  0" a n g l e  o f  a t t a c k .  
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The p o l a r  microphone probe had t h e  c a p a b i l i t y  t o  s u r v e y  much of t h e  p r o -  
p e l l e r  n o i s e  f i e l d .  A s  shown i n  t h e  s k e t c h  o f  f i g u r e  2 ,  t h e  p o l a r  mic rophone 
probe was mounted on  t h e  downstream p r o p e l l e r  h o u s i n g  and moved w i t h  t h e  p r o -  
p e l l e r  a t  ang les  o f  a t t a c k  ( r e s u l t s  f o r  t h i s  paper  a r e  f o r  0" a n g l e  o f  a t t a c k ) .  
The probe c o u l d  p e r f o r m  s i d e l i n e  a c o u s t i c  su rveys  e x t e n d i n g  abou t  45" fore and 
a f t  o f  t h e  a f t  p r o p e l l e r  p l a n e .  C i r c u m f e r e n t i a l  su rveys  c o u l d  be made o v e r  a 
240" range,  b e i n g  l i m i t e d  by  s u p p o r t  hardware i n t e r f e r e n c e .  The p o l a r  micro- 
phone was l o c a t e d  61 cm ( 2 4  i n . )  from t h e  p r o p e l l e r  a x i s  o f  r o t a t i o n .  

F i g u r e  2 a l s o  shows how t h e  s i m u l a t e d  p y l o n  and f u s e l a g e  was i n s t a l l e d  o n  
t h e  t e s t  appara tus .  S t e e l  beams suppor ted  t h e  f u s e l a g e  and p y l o n  from t h e  
base o f  t h e  model p e d e s t a l .  The F7/A3 p r o p e l l e r  was t e s t e d  w i t h  t h e  p y l o n  
a l o n e ,  as w e l l  as w i t h  t h e  p y l o n  + f u s e l a g e ;  t h e  F7/A7 p r o p e l l e r  was o n l y  
t e s t e d  w i t h  t h e  p y l o n  + f u s e l a g e  c o n f i g u r a t i o n .  The s u p p o r t  p y l o n  was f i x e d  
a t  t h e  "nomina l "  p y l o n - r o t o r  spac ing ,  wh ich  r e s u l t e d  i n  a 7 . 0  cm ( 2 . 8  i n . )  
a x i a l  spac ing  between t h e  p y l o n  t r a i l i n g  edge and t h e  f o r w a r d  p r o p e l l e r  p i t c h  
change a x i s .  The r a d i a l  d i s t a n c e  between t h e  i n n e r  f low s u r f a c e  ( ro to r  hub)  
and t h e  s i m u l a t e d  f u s e l a g e  was 23.2 cm ( 9 . 1  i n . )  a t  t h e  f o r w a r d  ro to r  p l a n e ,  
and 28.9 c m  (11 .4  i n . )  a t  t h e  a f t  ro tor  p l a n e .  T h i s  r e s u l t e d  i n  a r a d i a l  
b l a d e - t i p - t o - f u s e l a g e  s e p a r a t i o n s  o f  5.1 cm ( 2 . 0 )  i n .  f o r  t h e  f o r w a r d  ro to r  
(F7)  fo r  b o t h  p r o p e l l e r s ,  11.3 cm ( 4 . 5  i n . )  f o r  t h e  a f t  A7 ro to r ,  and 15 .4  cm 
( 6 . 1  i n . )  for t h e  a f t  A3 ro to r .  

The s i m u l a t e d  f u s e l a g e  had a t o t a l  l e n g t h  o f  224 cm (88.2 i n . ) .  The maxi -  
mum d iamete r  o f  63.5 cm (25 .0  i n . )  o c c u r r e d  47.2 cm ( 1 8 . 6  i n . )  downstream of 
t h e  h i g h l i g h t .  The f u s e l a g e  had a c o n s t a n t  9.24" t a p e r  downstream of t h i s  max- 
imum d i a m e t e r .  The f u s e l a g e  was mounted w i t h  t h e  p r o p e l l e r  i n  such a way t h a t  
i t s  a x i s  o f  r o t a t i o n  was t i l t e d  downward 3 .5"  i n  t h e  ups t ream d i r e c t i o n .  T h i s  
r e s u l t e d  i n  t h e  f u s e l a g e  s u r f a c e  n e a r e s t  t o  t h e  p r o p e l l e r  h a v i n g  an e f f e c t i v e  
5.75" t a p e r  r e l a t i v e  t o  t h e  f r e e - s t r e a m  t u n n e l  f low (and p r o p e l l e r  a x i s  of 
r o t a t i o n ) .  Tab le  I p r e s e n t s  a d d i t i o n a l  d imens ions  f o r  t h e  s i m u l a t e d  p y l o n  and 
f u s e l  age. 

F i g u r e  3 i s  a s k e t c h  o f  t h e  i n s t a l l e d  p r o p e l l e r  i n  t h e  anecho ic  w ind  tun -  
n e l .  
v i e w i n g  downstream; t h e  a f t  r o to rs  r o t a t e d  i n  a c o u n t e r c l o c k w i s e  d i r e c t i o n .  
The c i r c u m f e r e n t i a l  l o c a t i o n s  o f  t h e  s i d e l i n e  d i r e c t i v i t i e s  a r e  r e f e r e n c e d  i n  
f i g u r e  3 as 4 = 0, 90, and 180" .  The t r a c k  probe was f i x e d  a t  t h e  180" c i r -  
c u m f e r e n t i a l  l o c a t i o n .  The i n s t a l l e d  p r o p e l l e r  was i n t e n d e d  t o  s i m u l a t e  an 
a i r c r a f t  pusher  c o n f i g u r a t i o n .  Such an a i r c r a f t  wou ld  have symmet r i ca l  e n g i n e  
i n s t a l l a t i o n s  on  e i t h e r  s i d e  o f  t h e  f u s e l a g e  u s i n g  t h e  same b a s i c  p r o p e l l e r .  
These two eng ines  would have d i f f e r e n t  d i r e c t i o n s  o f  r o t a t i o n  r e l a t i v e  t o  t h e  
a i r p l a n e  f u s e l a g e .  Tha t  i s ,  w h i l e  t h e  f o r w a r d  ro to r  o f  t h e  " e n g i n e "  ske tched  
i n  f i g u r e  3 m i g h t  r o t a t e  " i n b o a r d  up , "  t h e  f o r w a r d  ro to r  o f  t h e  eng ine  mounted 
on  t h e  o p p o s i t e  s i d e  o f  t h e  f u s e l a g e  would t h e n  r o t a t e  " i n b o a r d  down." 
l a r  r e l a t i o n s h i p  would e x i s t  fo r  t h e  a f t  ro tors  o f  t h e  two e n g i n e s .  
s i d e l i n e  d a t a  fo r  t h e  f i r s t  i n s t a l l e d  eng ine  a t  s i d e l i n e  d a t a  f o r  t h e  f i r s t  
i n s t a l l e d  eng ine  a t  
eng ine  a t  4 = 180" .  

The f o r w a r d  rotors o f  b o t h  p r o p e l l e r s  r o t a t e d  i n  a c l o c k w i s e  d i r e c t i o n  

A s i m i -  
Thus, 

= 0" would co r respond  t o  i n s t a l l e d  d a t a  f o r  t h e  second 

Tab le  I1  p r e s e n t s  s e l e c t e d  d e s i g n  pa ramete rs  f o r  t h e  F7/A7 and F7/A3 p r o -  
p e l l e r s .  A s  p r e v i o u s l y  ment ioned,  t h e  A3 ro tor  had a reduced d i a m e t e r  wh ich  
was i n t e n d e d  t o  m i n i m i z e  i t s  i n t e r a c t i o n  w i t h  t h e  f o r w a r d ,  F7, r o t o r ' s  t i p  v o r -  
t e x ,  and hence, r e s u l t  i n  l o w e r  i n t e r a c t i o n  t o n e  l e v e l s .  The two p r o p e l l e r s  
were des i gned f o r  s i  m i  1 a r  aerodynami c pe r fo rmance .  F i  g u r e  4 shows pho tog raphs  
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I o f  t h e  two p r o p e l l e r s .  The A3 ro to r  had a l a r g e r  cho rd  t o  compensate for t h e  
reduced d i a m e t e r ;  however, i t s  l e a d i n g  edge t o  p i t c h  change a x i s  was s i m i l a r  
t o  t h a t  o f  t h e  A7 rotor t o  m a i n t a i n  n e a r l y  t h e  same rotor-rotor aerodynamic 
s p a c i n g  ( a f f e c t e d  by  b l a d e  s e t t i n g  a n g l e )  f o r  t h e  same a x i a l  r o t o r - r o t o r  spac- 
i n g  f o r  t h e  two p r o p e l l e r s .  Bo th  p r o p e l l e r s  were t e s t e d  a t  t h e  "maximum" a x i -  
a l  rotor-rotor spac ing  o f  14.99 c m  ( 5 . 9 0  i n . ) .  The A3 rotor was t e s t e d  a t  a 
h i g h e r  b l a d e  s e t t i n g  a n g l e  ( 4 6 . 4 " )  compared t o  t h a t  o f  t h e  A7 ro tor  ( 3 9 . 4 " )  t o  
a c h i e v e  t h e  same t h r u s t .  Reference 2 a l s o  showed t h a t  t h e  r o t o r - a l o n e  t o n e  
l e v e l  f o r  t h e  A3 ro to r  was t y p i c a l l y  7 dB lower t h a n  t h a t  f o r  t h e  A7 ro tor  
even though t h e y  were b o t h  a t  t h e  same aerodynamic o p e r a t i n g  p o i n t s .  T h i s  
tone  l e v e l  d i f f e r e n c e  was a t t r i b u t e d  t o  t h e  l ower  r o t a t i o n a l  t i p  speed of t h e  
A3 p r o p e l l e r  - a consequence o f  i t s  s m a l l e r  d iamete r  a t  t h e  same r o t a t i o n a l  
speed. 

The i n s t a l l e d  c o n f i g u r a t i o n  i n t r o d u c e s  a number o f  p o s s i b l e  n o i s e  genera-  
t i o n  mechanisms. A s  shown i n  t h e  c r o s s - s e c t i o n  s k e t c h  o f  f i g u r e  5 ,  t h e  
ups t ream p y l o n  wake c o u l d  e a s i l y  i n t e r a c t  w i t h  t h e  p r o p e l l e r s  t o  g e n e r a t e  
p y l o n - r o t o r  i n t e r a c t i o n  tones  a t  nBPFf and mBPFa, where n and m a r e  
i n t e g e r s .  The s i m u l a t e d  f u s e l a g e  was much too s h o r t  t o  genera te  boundary  l a y e r  
t h i c k n e s s e s  comparable t o  those  o f  an a c t u a l  f u s e l a g e .  However, t h e  p resence  
o f  t h i s  s i m u l a t i o n  c o u l d  s t i l l  i n t r o d u c e  some boundary l a y e r  i n t e r a c t i o n  w i t h  
t h e  p r o p e l l e r  b l a d e s ,  and t h e r e  c o u l d  be o t h e r  f low f i e l d s  a s s o c i a t e d  w i t h  
t h i s  " f u s e l a g e "  as w e l l .  Reference 2 showed t h a t  t h e r e  was an i n t e r a c t i o n  
tone  r e d u c t i o n  a s s o c i a t e d  w i t h  t h e  reduced d i a m e t e r  o f  t h e  A3 ro to r .  I t  i s  
p o s s i b l e  t h a t  a c o u s t i c  b e n e f i t s  o f  r e d u c i n g  t h e  a f t  rotor d i a m e t e r  c o u l d  
e x t e n d  t o  t h e  p r e s e n t  s t u d y  i n  t h a t  t h e  A3 rotor t i p  i s  f u r t h e r  removed from 
t h e  f u s e l a g e - i n d u c e d  f low d i s t u r b a n c e s  as w e l l  as t h e  F7 ro tor  t i p  v o r t e x .  

RESULTS AND DISCUSSION 

A l l  t e s t s  were per formed a t  0.20 t u n n e l  Mach number. L i m i t e d  aerodynamic 
r e s u l t s  a r e  p r e s e n t e d  t o  e s t a b l i s h  t h e  p r o p e l l e r  o p e r a t i n g  c o n d i t i o n s .  Acous- 
t i c  r e s u l t s  a r e  p r e s e n t e d  as s i d e l i n e  d i r e c t i v i t i e s  fo r  t h e  t r a c k  and p o l a r  
p robes .  R e s u l t s  a r e  p r e s e n t e d  f o r  b o t h  p robes  a t  4 = 180°, w i t h  a d d i t i o n a l  
r e s u l t s  for t h e  p o l a r  p robe a t  0 = 0 and 90" .  Tes t  r e s u l t s  i n  t h i s  paper  
a r e  for  0" p r o p e l l e r  a x i s  a n g l e  o f  a t t a c k .  

Aerodynamic Per fo rmance 
I 

I F i g u r e  6 i s  a p r o p e l l e r  o p e r a t i n g  map of t h e  t o t a l  power d e n s i t y  based on  
t h e  f o r w a r d  ro to r  a n n u l u s ) ,  PQAT, as a f u n c t i o n  o f  t h e  f o r w a r d  ro tor  advance 
r a t i o ,  J f .  PQAT i s  d e f i n e d  a s :  ~ 

t o t a l  power 

( p )  ( r e v / s e c ) 3  ( D  ) ( a n n u l u s  a r e a )  3 

where p i s  t h e  l o c a l  a i r  d e n s i t y ,  and D i s  t h e  f o r w a r d  p r o p e l l e r  d i a m e t e r .  
The r e s u l t s  a r e  shown i n  f i g u r e  6 f o r  b o t h  t h e  b a s e l i n e  and t h e  p y l o n  + f u s e -  
l a g e  c o n f i g u r a t i o n s  fo r  each p r o p e l l e r .  The a d d i t i o n  o f  t h e  s i m u l a t e d  p y l o n  + 
f u s e l a g e  causes e s s e n t i a l l y  no  change i n  t h e  o p e r a t i n g  l i n e  f o r  each p r o p e l l e r  - 
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especially at the higher rotational speeds (lower J ) .  The difference in the 
PQAT values for the two propellers at a particular J value is on the order of 
0.15, and is considered insignificant with respect to acoustic performance. 

Acoustic Performance 

Sound pressure level spectra. - The acoustic spectra for counterrotation 
propellers may be quite complex, consisting of both steady loading and thick- 
ness rotor-alone tone harmonics for each rotor, and an array of interaction 
tones. Figure 7 presents typical spectra for the F7/A7 propeller in the base- 
line and pylon + fuselage configurations at the 4 = 180" circumferential 
location. These results are from the polar microphone probe at a 61 cm 
(24 in.) sideline approximately 65" from the upstream propeller axis (0  = 6 5 " )  
relative to the aft rotor plane. 
maximum level near the rotor plane (8 = go", while interaction tones often show 
highest levels away from this location. The various tone orders are denoted 
in figure 7(a> for the rotor-alone configuration. The first order rotor-alone 
tones for the forward and aft rotor (Bf and Ba) are clearly evident. These 
tones typically show higher levels near the rotor plane. Higher order rotor- 
alone tones are not evident in this spectra since they are buried in the broad- 
band. The first interaction tone (Bf + Ba) is quite evident, as are the 
higher-order interaction tones. The corresponding results for the pylon + 
fuselage configuration (fig. 7(b>> taken at the same sideline location and pro- 
peller operating condition) show that the first order rotor-alone tone levels 
are increased by the presence of the simulated installation. However, the 
interaction tone levels are essentially unaffected by this installation. In 
this installation interaction tones are of two types: pylon-rotor interac- 
tions at nBPFf and mBPFa, and rotor-rotor interactions at nBPFf + mBPFa, 
where n and m take on all possible combinations of integer values. 

Rotor-alone tones tend to show a sideline 

Sideline directivities at (I = 180" circumferential position. - Sideline 
directivities are presented at this location for both the polar probe (at 61 cm 
(24 in.)) sideline and the track probe (at 137 cm (54 in.>> sideline. Similar 
data are presented for both sidelines to show how the acoustic field varies 
with distance from the propeller. Earlier tests in the 9-by 15-Foot Anechoic 
Wind Tunnel have indicated that both probes were measuring the f a r  f i e l d  for  
the propeller base1 ine configuration. However, acoustic reflections from the 
simulated installation could easily affect this comparison. Data are 
presented for the first and second order rotor-alone tones and for the first 
two interaction tones. 

Figures 8 and 9 show the effect of the installation on the F7/A7 propel- 
ler rotor-alone tones at 90 percent design rotational speed. Figure 8 
presents results for the 61 cm sideline, while figure 9 presents corresponding 
results for the 137 cm sideline. The two rotors would be expected to experi- 
ence inflow disturbances in presence of the pylon + fuselage (figs. 3 and 5 ) .  
Both figures show the aft rotor-alone tone increasing at 4 = 180" while the 
front rotor-alone tone decreases. Rotor-alone steady and unsteady loading 
noise is generated normal to the advancing propeller blade, and one would 
expect to observe noise increases at the 180" position for the aft rotor. 
This tone increase is indeed present for the aft rotor in figures 8 and 9. 
The forward rotor shows a comparable tone level decrease at this circumferen- 
tial location ( 4  = 180"). The reason for this tone decrease is not known. 
Although trends are consistent, the near and farfield levels are different. 
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I n  p a r t i c u l a r ,  t h e  tone  l e v e l  change f o r  t h e  c loser  p o l a r  p robe i s  on t h e  
o r d e r  o f  10 dB, w h i l e  t h a t  f o r  t h e  t r a c k  probe i s  a more modest 4 dB. A com- 
p a r i s o n  o f  d i r e c t i v i t y  shapes can be somewhat m i s l e a d i n g  i n  t h a t  t h e  t r a c k  
probe covered a l a r g e r  a n g u l a r  d i s t a n c e  t h a n  d i d  t h e  p o l a r  p robe,  hence t h e  
two d i r e c t i v i t i e s  a r e  on  d i f f e r e n t  a n g u l a r  s c a l e s .  Also, s p h e r i c a l  s p r e a d i n g  
c o n s i d e r a t i o n s  would p r e d i c t  a 7 dB d i f f e r e n c e  i n  t h e  sound p r e s s u r e  l e v e l s  
measured a t  t h e  two s i d e l i n e  d i s t a n c e s .  

F i g u r e s  10 and 1 1  show t h e  e f f e c t  o f  t h e  i n s t a l l a t i o n  on t h e  F7/A7 p r o p e l -  
l e r  r o t o r - a l o n e  tones  a t  80 p e r c e n t  d e s i g n  speed. The same t r e n d s  a r e  gen- 
e r a l l y  e v i d e n t ,  w i t h  t h e  a f t  ro tor  showing a tone  l e v e l  i n c r e a s e  o f  a b o u t  10 dB 
a t  b o t h  s i d e l i n e  d i s t a n c e s .  The i n s t a l l a t i o n  a c o u s t i c  e f f e c t  on t h e  f o r w a r d  
ro to r  i s  much l e s s  a t  t h i s  r o t a t i o n a l  speed, w i t h  t h e  p o l a r  p robe d i r e c t i v i t y  
even showing a sma l l  t o n e  l e v e l  i n c r e a s e  w i t h  t h e  i n s t a l l a t i o n  a t  t h e  a f t  
s i d e l i n e  a n g l e s .  

F i g u r e s  12 t o  15 show t h e  e f f e c t  o f  t h e  i n s t a l l a t i o n  on  t h e  f i r s t  two 
i n t e r a c t i o n  tones  a t  80 and 90 p e r c e n t  d e s i g n  p r o p e l l e r  speed. 
shown fo r  t h e  61 c m  s i d e l i n e  p o l a r  p robe and f o r  t h e  137 c m  s i d e l i n e  t r a c k  
p robe .  There i s  a sma l l  l e v e l  i n c r e a s e  a t  b o t h  s i d e l i n e  d i s t a n c e s  f o r  t h e  
f irst i n t e r a c t i o n  t o n e  (BPFf  + BPFa) a t  90 p e r c e n t  speed near  t h e  50" s i d e l i n e  
a n g l e  ( f i g s .  12 and 13, p a r t  ( a ) ) .  The maximum s i d e l i n e  l e v e l  fo r  t h e  second 
i n t e r a c t i o n  t o n e  (2BPFf + BPFa) showed e s s e n t i a l l y  no change w i t h  t h e  i n s t a l l a -  
t i o n  i n  p l a c e .  However, t h e  a n g u l a r  s t r u c t u r e  o f  t h e  l o b u l a r  p a t t e r n  s h i f t e d  
somewhat w i t h  t h e  s i m u l a t i o n  i n  p l a c e  a t  t h e  c l o s e r  s i d e l i n e  ( f i g .  12 ( b ) ) .  

R e s u l t s  a r e  

F i g u r e s  14 and 15 p r e s e n t  t h e  s i d e l i n e  d i r e c t i v i t i e s  f o r  t h e  f i r s t  two 
i n t e r a c t i o n  tones  a t  80 p e r c e n t  d e s i g n  p r o p e l l e r  speed. The second i n t e r a c -  
t i o n  t o n e  shows a s m a l l  i n c r e a s e  w i t h  t h e  i n s t a l l a t i o n  i n  p l a c e  a t  b o t h  s i d e -  
l i n e  d i s t a n c e s  ( f i g s .  14 and 15,  p a r t  ( b ) ) ,  w h i l e  t h e  f i r s t  i n t e r a c t i o n  tone  
showed a sma l l  i n c r e a s e  o n l y  a t  t h e  f u r t h e r  (137 cm) s i d e l i n e .  

F i g u r e  16 shows t h e  maximum n o i s e  l e v e l  t h a t  was measured a l o n g  t h e  
137 c m  s i d e l i n e  ( t r a c k  p r o b e )  as a f u n c t i o n  o f  p e r c e n t  o f  d e s i g n  p r o p e l l e r  
speed. F i g u r e  16 (a>  shows t h a t  t h e  t r e n d  for t h e  f o r w a r d  ro tor  t o  show a l e v e l  
decrease and t h e  a f t  rotor t o  show a l e v e l  i n c r e a s e  w i t h  t h e  i n s t a l l a t i o n  i n  
p l a c e  i s  t y p i c a l  o f  a l l  t e s t  speeds. However, t h e  decrease for t h e  fo rward  
ro to r  o n l y  becomes s i g n i f i c a n t  a t  80 p e r c e n t  speed and above, w h i l e  t h e  tone  
i n c r e a s e  fo r  t h e  a f t  rotor shows a maximum v a l u e  a t  t h e  lower p r o p e l l e r  
speeds. R e s u l t s  f o r  t h e  f irst two i n t e r a c t i o n  tones  a r e  shown i n  f i g u r e  1 6 ( b ) .  
The f i r s t  i n t e r a c t i o n  t o n e ,  BPFf  + BPFa shows a sma l l  l e v e l  i n c r e a s e  w i t h  t h e  
i n s t a l  l a t i o n  i n  p l a c e  t h r o u g h o u t  t h e  p r o p e l l e r  speed range ;  whi l e  t h e  second 
t o n e ,  2BPFf + BPFa shows a c o r r e s p o n d i n g  decrease i n  l e v e l .  

F i g u r e s  17 t o  20 show t h e  e f f e c t  o f  t h e  i n s t a l l a t i o n  on  t h e  r o t o r - a l o n e  
tones  o f  t h e  F7/A3 p r o p e l l e r .  
wh ich  shou ld  somewhat reduce  t h a t  r o t o r ' s  response t o  f low d i s t u r b a n c e s  near  
t h e  s i m u l a t e d  f u s e l a g e .  The F7/A3 p r o p e l l e r  shows t h e  same response as was 
seen f o r  t h e  F7/A7 p r o p e l l e r .  Tha t  i s ,  t h e  a f t  r o t o r - a l o n e  t o n e  shows an 
i n c r e a s e  i n  t h e  presence o f  t h e  i n s t a l l a t i o n ,  w h i l e  t h e  f o r w a r d  ro to r  tone  
shows a decrease i n  l e v e l .  The r o t o r - a l o n e  tones  show l e v e l  changes of abou t  
8 dB a t  t h e  c l o s e r  s i d e l i n e  d i s t a n c e  a t  90 p e r c e n t  d e s i g n  speed ( f i g .  1 7 ) .  
The tone  l e v e l  decrease f o r  t h e  f o r w a r d  rotor i s  abou t  t h e  same as t h e  
i n c r e a s e  f o r  t h e  a f t  ro to r .  There i s  a s i m i l a r  t r e n d  i n  t h e  90 p e r c e n t  

Aga in ,  t h e  A3 ro to r  f e a t u r e d  a reduced  d iamete r  
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speed results at the 137 cm sideline (fig. 181, with the aft rotor again 
showing up to an 8 dB increase with the installation. 
forward rotor at the track sideline distance i s  only about 3 dB. 

The decrease for the 

The acoustic effect of the installation on the F7/A3 forward rotor-alone 
tone at 80 percent design speed is only about a 3 dB decrease at the closer 
sideline distance (fig. 1 9 > ,  and essentially no effect at the 137 cm sideline 
(fig. 20). The aft rotor-alone tone shows about a 7 dB increase at both side- 
line distances with the simulated installation in place. Thus, the aft rotor- 
alone tone is seen to show a substantial level increase, while the forward 
rotor-alone tone shows a similar level decrease with the presence of the 
installation. There are some differences in corresponding directivities at 
the two sideline distances which may be due to acoustic reflections from the 
installation. The level decrease for the forward rotor-alone tone with the 
installation is less than the corresponding aft rotor-alone tone increase at 
80 percent design speed, unlike the results for 90 percent speed where the for- 
ward rotor-alone tone level decrease is of a similar magnitude to the aft 
rotor-alone tone increase. 

Effect of pylon-alone on installed noise. - The pylon-alone configuration 
was only tested with the F7/A3 propeller. Acoustic interaction of the pylon 
wake with the propeller was expected to be a major contributor to the 
installed propeller noise. 
counterrotation propellers which were tested with upstream simulated support 
pylons. A relatively lowly-loaded model propeller was tested with a simulated 
upstream pylon (refs. 5 and 6) which showed tone increases up to 7 dB with the 
pylon in place. However, another more highly-loaded advanced propeller showed 
only an average of 1 EPNdB (within data scatter) increase with an upstream 
pylon in place (ref. 7>, suggesting that the acoustic effect of the upstream 
pylon may decrease with increased propeller loading. The propellers in the 
present study are more typical of that of reference 7 .  That is, the more 
highly-loaded propeller experiences a smaller percent change in loading due to 
similar inflow disturbances. 

References 5 to 7 present results for other model 

Figures 21 and 22 show the effect of the pylon on the F7/A3 propeller 
sideline directivities. Results for the polar microphone at the closer, 61 cm 
sideline distance ( f i g .  2 1 )  show that there is no significant pylon-induced 
noise for either rotor at 80 and 90 percent design speed. However, there is 
an indication of pylon-induced rotor-alone noise for the directivities mea- 
sured at the 137 cm track probe sideline (fig. 2 2 ) .  At 90 percent speed the 
presence of the pylon increased the aft rotor-alone tone level as much as 
5 dB, although there was no corresponding decrease in the forward rotor-alone 
tone level, as was typical for the complete pylon + fuselage installation. 
The 80 percent design speed results in figure 22 show that the presence of the 
pylon causes a small decrease in the forward rotor-alone tone level, and small 
increases in the aft rotor-alone tone. These data again show that there is a 
difference in the installed propeller rotor-alone tone directivities at the 
two sideline distances. 

It is possible that the higher-order rotor-alone tones could be more sen- 
sitive to the upstream pylon disturbance. Figure 23 shows the 2BPFf sideline 
directivities at the closer, 61 cm distance. There is little indication of 
pylon-induced noise for this tone at either 80 or 90 percent design speed. 
However, the tone levels were frequently merged into the broadband levels - 
especially at 80 percent design speed. It was impossible to identify the 
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2BPFa tones at the 61 cm sideline, as was the case for both 2BPF tones at 
the 137 cm sideline. Thus, it is possible that signal enhancement might be 
used to show a pylon effect for this tone order. 

Figures 24 to 27 show the sideline directivities for the first two F7/A3 
interaction tones at 80 and 90 percent design speed. Results are shown for 
both sideline distances. Again, the presence of the installation had little 
effect on the interaction tone levels. It is interesting to note that the 
sideline interaction tone directivities for the F7/A3 propeller have a signifi- 
cantly different structure than do the corresponding sideline interaction tone 
directivities for the F7/A7 propeller (figs. 12 to 15>, indicating that inter- 
action tone generation mechanisms (modes) for the reduced-diameter A 3  rotor 
are different than those for the A7 rotor. 

Figure 28 summarizes the maximum tone levels along the 137 cm sideline 
for the F7/A3 propeller as a function of propeller speed. The forward 
rotor-alone tone (fig. 28(a>> again shows a small level decrease with the 
installation in place for all propeller speeds except 75 percent speed. The 
aft rotor-alone tone (fig. 28(b>> shows the expected increase in tone level 
throughout the speed range. The first two interaction tones (fig. 28(c) and 
(d>> show little sensitivity to the presence of the simulated installation. 

for the two test propellers, showing the maximum tone level as a function of 
percent design propeller speed along the 137 cm sideline at the 180" posi- 
tion. The forward rotor-alone tone (fig. 29(a>) is for the F7 rotor in both 
propellers at a setting angle of 41.1". As should be expected, the acoustic 
performance is generally similar for both propellers, showing a small tone 
reduction at the 180" position with the installation in place. 

Figure 29 summarizes the relative installation effects (pylon + fuselage) 

The rotor-alone tone for the aft rotor shows a significant increase at 
the 180" position with the installation in place. As shown in figure 29(b>, 
there is up to an 8 dB peak tone level increase associated with the presence 
of the installation. The tone level for the A3 rotor (baseline and installed) 
are typically 7 dB lower than those for the A7 rotor, and this difference 
relates to the lower tip speed of the A3 rotor. 

The first interaction tone (BPFf + BPFa) shows a small increase for both 
propellers with the installation in place (fig. 29(c>>. However, this tone 
level for the F7/A7 propeller is significantly higher than that for the F7/A3 
propeller - especially at the lower speeds. The A 3  rotor was designed with a 
reduced diameter to significantly reduce the rotor's interaction with the 
upstream rotor's tip vortex. The first interaction tone results of figure 29(c> 
illustrate the general tone reduction from reduced aft rotor diameter. Also, 
the tone level increase with the installation in place is slightly higher for 
the F7/A7 propeller. Similar results are shown for the second interaction 
tone (2BPFf + BPFa) in figure 29(d). 

Interaction tones for a counterrotation propeller can result from the aft 
rotor interacting with the upstream rotor viscous wake and tip vortex: or pos- 
sibly from the forward rotor interacting with the downstream rotor potential 
field. As was previously mentioned, the A3 rotor had a reduced diameter which 
was shown (ref. 2 )  to reduce the interaction tone levels by avoiding interac- 
tion with the upstream rotor tip vortex. It is possible that the upstream vor- 
tex of the F7 rotor is further disturbed by the presence of the simulated 
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installation (fig. 5). This disturbed vortex would then interact with the 
downstream A7 rotor, but possibly not with the downstream A3 rotor. This con- 
cept may explain why the interaction tones for the F7/A7 propeller were 
influenced by the presence of the installation while the those for the F7/A3 
propeller showed no change. 

Sideline directivities at 4 = 0" circumferential position. - The previ- 
ous discussion showed that the aft propeller rotor-alone tone showed a signifi- 
cant level increase at the 180" circumferential position. This is consistent 
with the idea that tone noise is radiated normal to the advancing propeller 
blade and that a noise increase might be expected when the blade encounters a 
flow disturbance, such as that caused by the simulated installation (fig. 3). 
By this same argument, the forward rotor would be expected to show a similar 
rotor-alone tone increase at the opposite side of the model propeller. The 
following sideline directivity results are for the polar probe (61 cm side- 
line) at the 0" circumferential location. (The 137 cm sideline track micro- 
phone probe, being fixed to the tunnel floor, could only survey the + = 180" 
position). 

Figures 30 and 31 show the sideline rotor-alone tone directivities for 
the F7/A7 propeller at 80 and 90 percent design speed. These results do show 
that the forward rotor tone level increases with the presence of the installa- 
tion. Likewise, there is a corresponding decrease in the tone level for the 
aft rotor. It is interesting to note that the tone level increase for the for- 
ward propeller occurs forward of the propeller plane at 90 percent speed 
(fig. 30), and aft of that location at the lower speed (fig. 31). The reason 
for this change in directivity with propeller speed i s  unknown. 

The rotor-alone tone directivities for the F7/A3 propeller are shown in 
figures 32 and 33. There are small increases in the forward rotor-alone tone 
levels at 90 percent speed (fig. 32) and at 80 percent speed (fig. 33). The 
aft tone also shows an unexpected small increase at 90 percent speed, but not 
at the lower speed. In general, the changes in the rotor-alone tone level for 
both propellers is smaller at this circumferential location than was observed 
at the 180" location. 

Figure 34 shows the effect of the pylon-alone configuration on the F7/A3 
propeller rotor-alone tones at the 0" circumferential location. Again, these 
results show that the pylon, by itself, has relatively little effect on the 
rotor-alone tone levels. 

Figure 35 shows forward 2BPF rotor-alone tone sideline directivities at 
80 and 90 percent speed. These results clearly show that the presence of the 
pylon alone (and the complete installation) significantly increases this tone 
level at the 0" position. At 80 percent design speed (fig. 35(a)), there i s  
up to a 9 dB tone level increase with the pylon in place, with the presence of 
the complete installation causing additional noise at the aft angles. A simi- 
lar effect is seen at 90 percent design speed (fig. 35(b>> although the tone 
level increase is not quite as great. These results show that the second 
order rotor-alone tone is much more sensitive to the presence of the pylon 
than was the first order tone at this 0" circumferential position. 

Sideline directivities at I$ = 90" circumferential location. - Figures 36 
and 37 show the 61 cm sideline directivities at the 90" circumferential loca- 
tion, which was diametrically opposite from the location of the simulated 
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f u s e l a g e  ( f i g .  3 ) .  R e s u l t s  a r e  shown fo r  
t h e  F7/A3 p r o p e l l e r  ( f i g .  37) o p e r a t i n g  a t  
f o r w a r d  and a f t  r o t o r - a l o n e  tones  show a s 
l a t e d  i n s t a l l a t i o n  i n  p l a c e .  S i m i l a r  r e s u  
80 p e r c e n t  speed d a t a .  

I t  i s  P o s s i b l e  t h a t  t h e r e  i s  a d e l a v  

he F7/A7 p r o p e l l e r  ( f i g .  36) and 
90 p e r c e n t  d e s i g n  speed. Bo th  t h e  
g n i f i c a n t  i n c r e a s e  w i t h  t h e  simu- 
t s  were a l s o  obse rved  i n  t h e  

n t h e  b lades  a c o u s t i c  resDonse t o  
t h e  d i s t u r b a n c e  g u s t .  
t h e n  t h e  r e g i o n  o f  maximum r o t o r - a l o n e  n o i s e  would occur a t  45" on  e i t h e r  s i d e  
o f  t h e  90" l o c a t i o n .  T h i s  response d e l a y  wou ld  t e n d  t o  e x p l a i n  t h e  h i g h  t o n e  
l e v e l s  obse rved  a t  90" w i t h  t h e  i n s t a l l a t i o n  i n  p l a c e .  

I f  t h i s  d e l a y  w e r e  on  t h e  o r d e r  o f  45" o f  r o t a t i o n ,  

SUMMARY OF RESULTS 

Two advanced c o u n t e r r o t a t i o n  p r o p e l l e r s  were a c o u s t i c a l l y  t e s t e d  i n  t h e  

The p r o p e l l e r s  were t e s t e d  i n  t h e  b a s e l i n e  c o n f i g u r a t i o n s  and 
NASA 9- by  15- Foot Anechoic  Wind Tunnel a t  a s i m u l a t e d  t a k e o f f / l a n d i n g  speed 
o f  0.20 Mach. 
w i t h  a s i m u l a t e d  pusher  s u p p o r t  p y l o n  + f u s e l a g e  i n  p l a c e  t o  i n v e s t i g a t e  
i n s t a l l e d  n o i s e  e f f e c t s .  The p r o p e l l e r s  were t e s t e d  o v e r  a range o f  r o t a -  
t i o n a l  speeds a t  0" p r o p e l l e r  a x i s  a n g l e  o f  a t t a c k .  A c o u s t i c  d a t a  were t a k e n  
w i th  a t r a n s l a t i n g  s i d e l i n e  microphone wh ich  was mounted on  t h e  t u n n e l  f l o o r  
and w i t h  a p o l a r  mic rophone wh ich  was a t t a c h e d  t o  t h e  downstream p r o p e l l e r  
h o u s i n g  and c o u l d  su rvey  b o t h  s i d e l i n e  and c i r c u m f e r e n t i a l  n o i s e  d i r e c t i v i -  
t i e s .  The f o l l o w i n g  s i g n i f i c a n t  r e s u l t s  were obse rved  i n  t h i s  s t u d y :  

1 .  Fundamental i n s t a l l a t i o n - r o t o r  i n t e r a c t i o n  tones  i n c r e a s e d  b y  as much 
as 10 dB a t  a c i r c u m f e r e n t i a l  s i d e l i n e  l o c a t i o n  normal  t o  t h e  advanc ing  p r o p e l -  
l e r  b l a d e  as i t  passed t h e  s i m u l a t e d  f u s e l a g e .  

2 .  A c o r r e s p o n d i n g  tone  decrease o f  s i m i l a r  magn i tude was o f t e n  obse rved  
f o r  t h e  same r o t o r - a l o n e  tone  a t  a c i r c u m f e r e n t i a l  l o c a t i o n  d i a m e t r i c a l l y  oppo- 
s i t e  o f  t h e  maximum n o i s e  l o c a t i o n ,  i n d i c a t i n g  t h a t  t h e  n o i s e  o f  an i n s t a l l e d  
p r o p e l l e r  may be l o w e r  a t  some c i r c u m f e r e n t i a l  l o c a t i o n s .  

3 .  P y l o n  - f u s e l a g e  r o t o r - a l o n e  tones  f o r  b o t h  p r o p e l l e r s  a lways  showed a 
r e g i o n  o f  i n c r e a s e d  tone  l e v e l  wh ich  was l o c a t e d  c i r c u m f e r e n t i a l l y  o u t b o a r d  of 
t h e  f u s e l a g e .  

4 .  The second-order  f o r w a r d  r o t o r - a l o n e  t o n e  showed a s i g n i f i c a n t  l e v e l  
i n c r e a s e  wi th  t h e  p y l o n - o n l y  i n s t a l l e d  a t  a c i r c u m f e r e n t i a l  s i d e l i n e  l o c a t i o n  
normal  t o  t h e  advanc ing  p r o p e l l e r  as i t  passed t h e  p y l o n .  The p y l o n - o n l y  con- 
f i g u r a t i o n  had e s s e n t i a l l y  no e f f e c t  on  t h e  f i rs t  o r d e r  r o t o r - a l o n e  t o n e  l e v -  
e l s  a t  t h e  c l o s e r  (61  cm) s i d e l i n e .  However, t h e  p y l o n - o n l y  i n s t a l l a t i o n  was 
shown to cause a modest i n c r e a s e  i n  t h e  a f t  r o t o r - a l o n e  tone  l e v e l  a t  t h e  f u r -  
t h e r  (137 cm) s i d e l i n e .  

5 .  I n t e r a c t i o n  tones  fo r  t h e  F7/A7 p r o p e l l e r ,  were a l s o  a f f e c t e d  by  t h e  
presence o f  t h e  s i m u l a t e d  i n s t a l l a t i o n ,  showing sma l l  changes ( i n c r e a s e s  and 
decreases)  a t  t h e  137 cm ( 5 4  i n . )  s i d e l i n e  l o c a t i o n .  

6 .  I n t e r a c t i o n  tones  f o r  t h e  F7/A3 p r o p e l l e r  were e s s e n t i a l l y  u n a f f e c t e d  
by  t h e  presence o f  t h e  s i m u l a t e d  i n s t a l l a t i o n ,  i n d i c a t i n g  t h a t  t h e  reduced  
d i a m e t e r  o f  t h e  A3 ro tor  may c o n t r i b u t e  t o  t h i s  i n s e n s i t i v i t y .  
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TABLE I . . SIMULATED INSTALLATION DIMENSIONS 
[Dimensions i n  cm ( i n . ) . ]  

Py lon (Symmetr ica l  a i r f o i l )  
Leading edge sweep. deg . . . . . . . . . . . . . . . . . . . . .  28.8" 
T r a i l i n g  edge sweep. deg . . . . . . . . . . . . . . . . . . . . .  15.5" 
L o c a t i o n  o f  maximum t h i c k n e s s  ( f r o m  l e a d i n q  edqe) .  p e r c e n t  . . . .  40 
Chord near  n a c e l l e  . . . . . . . . .  
Max . t h i c k n e s s  near  n a c e l l e  . . . .  
Chord near  fuse lage  . . . . . . . .  
Max . t h i c k n e s s  near  fuse lage  . . . .  
A x i a l  spac ing  between s t r u t  T .E .  and 

change a x i s  a t  n a c e l l e  . . . . . .  

T o t a l  l e n q t h  . . . . . . . . . . . .  
Fuselage (Turned body o f  r o t a t i o n )  

. .  . . . . . . . . . . . . . .  43( 17) 
. . . . . . . . . . . . .  3.8(1.5)  
. . . . . . . . . . . . . .  48(19 )  
. . . . . . . . . . . . .  5 .8 (2 .3 )  

. . . . . . . . . . . . .  7 .0 (2 .8 )  
orward r o t o r  p i t c h  

. . . . . . . . . . .  224.0(88.2)  
Max . d iamete r  . . . . . . . . . . . . . . . . . . . . . . . . .  63.5(25)  
H i g h l i g h t  t o  max . d iamete r  . . . . . . . . . . . . . . . . .  47.2(18.6)  
H i g h l i g h t  t o  fo rward  r o t o r  p i t c h  change a x i s  . . . . . . . . . .  112(44) 
Taper a f t  o f  max d iamete r .  deg . . . . . . . . . . . . . . . . .  9.24" 
Body a x i s  o f  r o t a t i o n  r e l a t i v e  t o  h o r i z o n t a l  a x i s .  deg . . . . . . .  3.5" 

TABLE I 1  . . PROPELLER DESIGN CHARACTERITISTICS 
[Cru i se  c o n d i t i o n s . ]  

F7 /A7  Propel  1 e r  
Number o f  b l  adesa . . . . . . . . . . . . . . . . . . . . . . . . .  11/9 
Design c r u i s e  Mach number . . . . . . . . . . . . . . . . . . . . .  0.72 

Nominal des ign  advance r a t i o  . . . . . . . . . . . . . . . . . . .  2.82 
Hub- to- t ip  r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.42 

A c t i v i t y  f a c t o r  . . . . . . . . . . . . . . . . . . . . . . . .  150/150 

Nominal d iamete r .  cm ( i n . )  . . . . . . . . . . .  62 .2 (24 .5 ) /60 .7 (23 .9 )  
Nominal des ign  c r u i s e  t i p  speed. m/sec ( f t / s e c )  . . . . . . . .  238(780) 

Geometr ic t i p  sweep. deg . . . . . . . . . . . . . . . . . . . .  34/31 

Design power c o e f f i c i e n t  based on annulus a rea  . . . . . . . . . . .  4.16 

F7/A3 Propel  1 e r  
Number o f  b lades  . . . . . . . . . . . . . . .  
Design c r u i s e  Mach number . . . . . . . . . .  
Nominal d iamete r .  cm ( i n . )  . . . . . . . . . .  
Nominal des ign  c r u i s e  t i p  speed. m/sec ( f t / s e c  
Nominal des ign  advance r a t i o  . . . . . . . . .  
Hub- to- t ip  r a t i o  . . . . . . . . . . . . . . .  
Geometr ic t i p  sweep. deg . . . . . . . . . . .  
A c t i v i t y  f a c t o r  . . . . . . . . . . . . . . .  
Design power c o e f f i c i e n t  based on annulus a rea  

based on annulus a r e a  . . . . . . . . . . .  

. . . . . . . . . . .  11/9 . . . . . . . . . . .  0.72 

. . 62.2(24.5) /53.1(20.9)  
. . . .  238(780) /203(665)  

. . . . . . . .  2.82/3.32 

. . . . . . . .  0.42/0.49 . . . . . . . . . .  34/22 

. . . . . . . . .  150/243 

. . . . . . . . . . .  4.16 

. . . . . . . . . . .  4.16 

aForward p rope l  1 e r / a f  t p r o p e l  1 e r  
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ORIGINAL PAGE 
BLACK AND WHITE PHOTOGRAPH 

FIGURE 1. - COUNTERROTATION TURBOPROP MODEL I N  9 X 15 ANECHOIC 
WIND TUNNEL - SHOWN WITH SIMULATED SUPPORT PYLON + FUSELAGE 
CONFIGURATION. 
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FIGURE 2. - SKETCH OF THE TURBOPROP MODEL AND POLAR MICROPHONE PHOBF. 

PROPELLER 180' 

FORWARD ROTOR 
DIRECTION OF 
ROTATION 

AFT ROTOR 
DIRECTION OF 
ROTATION 

SIMULATED 
FUSELAGE u 

FIGURE 3. - SKETCH OF INSTALLED PRO- 
PELLER VIEWING DOWNSTREAM SHOWING 

FERENTIAL ANGLE CONVENTION FOR 
NOISE MEASUREMENTS. 

DIRECTIONS OF ROTATION AND CIRCUM- 
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,- PYLON r FORWARD ROTOR 
I WAKE / v1sc0us WAKE 

I 

1 
FUSELAGE-INDUCED FLOW '-FORWARD ROTOR T IP  
DISTURBANCES (BOUND- // VORTEX (POSSIBLY 
ARY LAYER AND WAKES)-' NODULATED BY IN- 

STALLATION INTER- 
ACTION) 

FIGURE 5.  - POSSIBLE NOISE SOURCES FOR INSTALLED PROPELLER. 

%+BA %+2BA I 3BA+$ 

I I I 

PROPELLER %/BA 

0 F7/A7 41.l0/39.4O 
0 F7/A3 41.1°/46.40 

SOLID SYMBOLS DENOTE BASELINE 
OPEN SYMBOLS DENOTE PYLON + 

FORWARD PROPELLER ADVANCE RATIO, JF 

FIGURE 6 .  - PROPELLER OPERATING NAP FOR F7/A7 AND F7/A3 
PROPELLERS (1 1/9 BLADES, MAXIMUM ROTOR-ROTOR SPACING, 
a = o0, M, = 0.2). 

w ( a )  BASELINE. 
i3 
CT 

v) 

n. 
2 1 3 0 r  

n 
L 

v, 
= 120 

110 

100 

m 
0 1000 2000 3000 4000 5000 

FREQUENCY, Hz 

(b )  PYLON + FUSELAGE. 

FIGURE 7. - TYPICAL SIDELINE SOUND PRESSURE LEVEL SPEC- 
TRA FOR THE F7/A7 MODEL TURBOPROP (1119 BLADES. 80% 
SPEED. +/BA = 41.lo/39.4O, 61 cn (24 IN.) SIDELINE, 
e = 65O. ID = moo. M, = 0.2). 
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BASEL I NE 
PYLON + FUSELAGE _ _  - - - - _ _ _  

BASEL I NE 
- - - _ _  _ _  - PYLON + FUSELAGE r 
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( a )  BPFF. 

I- , 
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100 
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SIDELINE ANGLE. DEG 

(b )  BPFA. 

FIGURE 8. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY. @ = 180'. 
90% DESIGN SPEED (61 cn (24 I N . )  SIDELINE. 
a = oo, M, = 0.2). 

BASEL I NE 
PYLON + FUSELAGE - _ _ _ _ _ _  - - I3O r 

, 
'Oo40 60 80  100 120 140 

SIDELINE ANGLE, DEG 

(b )  BPFA. 

FIGURE 10. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY, @ = 180'. 

a = oo, M, = 0.2). 
80% DESIGN SPEED (61 CH (24 I N . )  SIMLINE,  

W a a 
M 1 4 0 r  

SIDELINE ANGLE. DEG 

(b)  BPFA. 

FIGURE 9. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY, @ = 180'. 
90% DESIGN SPEED (137 cn (54 IN.) SIDELINE. 
a = 0'. H, = 0.2). 
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(b)  BPFA. 

FIGURE 11. - EFFECT OF PYLON + FUSELAGE ON F7/A7 

80% DESIGN SPEED (137 CM (54 IN. )  SIDELINE, 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY, 0 = 180'. 

a = oo, PI,,, = 0.2). 
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BASEL I NE 

2 2  g 100 
W 2 ( a )  BPFF + BPFA. 
w = 

loo, 90 40 60 80 100 120 140 

SIDELINE ANGLE, DEG 

(b)  2BPFF + BPFA. 

FIGURE 12. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
INTERACTION TONE SIDELINE DIRECTIVITY, B = 180'. 
90% DESIGN SPEED ( 6 1  CM (24 IN.) SIDELINE, 
a = 0'. M, = 0.2). 

BASEL I NE 
PYLON + FUSELAGE 130 r _ _  - - - - __- 
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(b )  2BPFF + BPFA. 

FIGURE 14. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
INTERACTION TONE SIDELINE DIRECTIVITY. B = 180'. 
80% DESIGN SPEED (61  cn (24 IN.) SIDELINE, 
a =  oo, M, = 0.2). 
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PYLON + FUSELAGE 130 r - - _ _ _ _ _  - - 
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5 ( a )  BPFF + B P F ~ .  
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SIDELINE ANGLE, DEG 

(b)  2BPFF t BPFA. 

FIGURE 13. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
INTERACTION TONE SIDELINE DIRECTIVITY. 0 = 180', 
90% DESIGN SPEED (137 CM (54 IN.) SIDELINE. 
a = 0'. N, = 0.2). 

BASEL I NE 

80 
0 40 80 120 160 

SIDELINE ANGLE, DEG 

(b )  2BPFF t BPFA. 

FIGURE 15. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
INTERACTION TONE SIDELINE DIRECTIVITY. 0, = 180'. 
80% DESIGN SPEED (137 cn (24 IN.) SIDELINE, 
a = o0. M, = 0.2). 
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TONE ORDER TONE ORDER 

0 BPFF 
140 r 0 BPFA 

O BPFF + BPFA r A ~ B P F F  + BPFA 

SOLID SYWOLS DENOTE BASELINE 
U = I  OPEN SYMBOLS DENOTE PYLON + a I OPEN SYMBOLS DENOTE PYLON + 

SOLID SYWOLS DENOTE BASELINE 

70  75 80 85 90 65 70 75 80 85 90 
100 

65 
PERCENT DESIGN SPEED 

( a )  ROTOR-ALONE TONES. (b )  INTERACTION TONES. 

FIGURE 16. - EFFECT OF SIMULATED PYLON + FUSELAGE ON F7/A7 SIDELINE TONE LEVEL, @ = 180' 
(137 cn (54 I N . )  SIDELINE, +AA = 41.1'/39.4'. a = 0'. 1119 BLAMS. M, = 0.2). 
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(b)  BPFA. 

FIGURE 17. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY. @ = 180'. 

a = oo, M, = 0 . 2 ) .  
90% DESIGN SPEED (61 CM (24 I N . )  SIDELINE. 

l o o m  90 0 40 80 120 160 

SIDELINE ANGLE, DEG 

(b)  BPFA. 

FIGURE 18. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY. @ = 180'. 
90% DESIGN SPEED (137 cn (54 IN.) SIDELINE. 
a =  00. Mco = 0.2). 
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BASEL I NE 
PYLON + FUSELAGE - - - - - _ _ _  - I3O r 1 2 0 1 1 ,  ___--__. , 

--. : ..,, *,- .__. ----..-. 
2 110 . .~~ , 

$ 100 

w a 

90 40 60 3 80 100 120 140 
SIDELINE ANGLE, DEG 

( b) BPFA. 
FIGURE 19. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY. 0 = 180' 
80% DESIGN SPEED (61 cn (24 IN.) SIDELINE, 
a = oo, noO = 0.2). 

140 r 

BASEL I NE 
PYLON + FUSELAGE _ _  - - - - _ _ _  120 r 
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SIDELINE ANGLE, DEG 

(b)  BPFA. 

ROTOR-ALONE TONE SIDELINE DIRECTIVITY. @ = 180'. 
80% DESIGN SPEED (137 CM (54 IN.) SIDELINE, 

FIGURE 20. - EFFECT OF PYLON + FUSELAGE ON F7/A3 

a = o0, N- = 0.2). 

130 r BASEL I NE 

(C) BPFF, 80% SPEED, 

5 8 120 ,-' "0 1.1 

110 ' 

100 ; 
40 60 80 100 120 140 

130 r 

' 
'Oo40 60 80 100 120 140 

SIDELINE ANGLE, DEG 

(b )  BPFA. 90% SPEED. (d)  ~BPFA, 80% SPEED. 
FIGURE 21. - EFFECT OF PYLON INSTALLATION ON F7/A3 ROTOR-ALONE TONE SIDELINE DIRECTIVITY, @ = 180' 
(61 CM (24 IN.) SIDELINE, a = 0'. M, = 0.2). 
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FIGURE 22. - EFFECT OF PYLON INSTALLATION ON F7/A3 ROTOR-ALONE TONE SIDELINE DIRECTIVITY, @ = 180' 
(137 CM (54 IN.) SIDELINE, a = 0'. I, = 0.2). 

BASELINE 
PYLON ALONE _ _  - - - _ _ _  - 
PYLON + FUSELAGE 

m - 
9 901- BROADBAND NOISE 

Y 80 --, 
W ( a )  80% SPEED. 
a 
M 
CL 

loo 90 40 7 60 80 100 120 140 

SIDELINE ANGLE. DEG 

(b)  90% SPEED. 

FIGURE 23. - EFFECT OF INSTALLATION ON F7/A3 
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FIGURE 24. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
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FIGURE 25. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
INTERACTION TONE SIDELINE DIRECTIVITY. @ = 180'. 
90% DESIGN SPEED (137 cn (54 IN.) SIDELINE, 
a = 0'. I, = 0.2). 
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FIGURE 26. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
INTERACTION TONE SIDELINE DIRECTIVITY. 0 = 180°, 
80% DESIGN SPEED (61 cn (24 IN.) SIDELINE. 
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FIGURE 27. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
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FIGURE 29. - COMPARISON OF F7/A7 AND F7/A3 PROPELLER TONE LEVELS FOR BASELINE AND INSTALLED 
CONFIGURATIONS, Q = moo (137 CH (54 IN.) SIDELINE. a = oo. M, = 0.2). 
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FIGURE 30. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY, 0 = 0'. 
90% DESIGN SPEED (61 CH (24 IN.) SIDELINE. 
a = 0'. M, = 0.2). 
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FIGURE 31. - EFFECT OF PYLON + FUSELAGE ON F7/A7 
ROTOR-AI.ONE TONE SIDELINE DIRECTIVITY. Q = 0'. 
80% DESIGN SPEED (61 CH (24 IN.) SIDELINE. 
a = oo. M, = 0.2). 
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FIGURE 32. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
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90% DESIGN SPEED ( 6 1  cn (24 IN.) SIDELINE, 
a = oo, M, = 0 . 2 ) .  

140 r 

100 I 
( a )  BPFF, 90% SPEED. 

1 3 0 0  ,./' __--.._--.__ 

120 ,./ ;.- 
L.-.. ' 110 ;.' 

loo 90 40 60 M 80 100 120 140 
SIDELINE ANGLE, DEG 

(b) BPFA. 

FIGURE 33. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY, Q = 0'. 
80% DESIGN SPEED ( 6 1  CH (24 IN.) SIDELINE, 
a = oo, moo = 0 . 2 ) .  
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FIGURE 34. - EFFECT OF PYLON INSTALLATION ON F7/A3 ROTOR-ALONE TONE SIDELINE DIRECTIVITY, Q = 0' 
(61 CM (24 IN.) SIDELINE. a = 0'. M, = 0.2). 
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FIGURE 37. - EFFECT OF PYLON + FUSELAGE ON F7/A3 
ROTOR-ALONE TONE SIDELINE DIRECTIVITY. 0 = 90°, 
90% DESIGN SPEED (61 cn (24 IN.) SIDELINE, 
a =  o0, \, = 0.2). 

24 



National Aeronautics and 
Space Administration 

19. Security Classif. (of this report) 

Unclassified 

Report Documentation Page 

20. Security Classif. (of this page) 21. No of pages 22. Price' 

Unclassified 

1 2. Government Accession No. NASA TM-101996 1. Report No. 

AIAA-89-1143 
4. Title and Subtitle 

Noise of a Model Counterrotation Propeller With Simulated Fuselage and 
Support Pylon at Takeoff/Approach Conditions 

7. Author@) 

Richard P. Woodward and Christopher E. Hughes 

9. berforming Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3191 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 

3. Recipient's Catalog No. 

5.  Report Date 

6. Performing Organization Code 

8. Performing Organization Report No. 

E-4700 

10. Work Unit No. 

535-03-0 1 

11. Contract or Grant No. 

13. Type of Report and Period Covered 

Technical Memorandum 

14. Sponsoring Agency Code 

15. Supplementary Notes 

Prepared for the 12th Aeroacoustics Conference sponsored by the American Institute of Aeronautics and 
Astronautics, San Antonio, Texas, April 10-12, 1989. 

16. Abstract 

Two modern high-speed advanced counterrotation propellers, F7/A7 and F7/A3 were tested in the NASA Lewis 
Research Center's 9- by 15-Foot Anechoic Wind Tunnel at simulated takeoff/approach conditions of 0.2 Mach 
number. Both rotors were of similar diameter on the F7/A7 propeller, while the aft rotor diameter of the F7/A3 
propeller was 85 percent of the forward propeller to reduce tip vortex-aft rotor interaction. The two propellers 
were designed for similar performance. The propellers were tested in both the "clean" configuration, and 
"installed" configuration consisting of a simulated upstream nacelle support pylon and fuselage section. Acoustic 
measurements were made with an axially translating microphone probe, and with a "polar" microphone probe 
which was fixed to the propeller nacelle and could make both sideline and circumferential acoustic surveys. Aero- 
dynamic measurements were also made to establish propeller operating conditions. The propellers were run at blade 
setting angles (front anglehear angle) of 41.1 "/39.4" for the F7/A7 propeller, and 41.1 "/46.4" for the F7/A3 
propeller. The forward rotors were tested over a range of tip speeds from 165 to 259 d s e c  (540 to 850 ft./sec), 
and both propellers were tested at the maximum rotor-rotor spacing, based on pitch change axis separation, of 
14.99 cm (5.90 in.). The data presented in this paper are for 0" propeller axis angle of attack. Results are pre- 
sented for the baseline, pylon-alone, and strut + fuselage configurations. The presence of the simulated fuselage 
resulted in higher rotor-alone tone levels in a direction normal to the advancing propeller blade near the fuselage. A 
corresponding rotor-alone tone reduction was often observed 180" circumferentially from this region of increased 
noise. A significant rotor-alone increase for both rotors was observed diametrically opposite the fuselage. In some 
cases, interaction tone levels were likewise affected by the simulated installation. 

7. Key Words (Suggested by Author(s)) 

Counterrotation 
Turboprop 
Noise 

18. Distribution Statement 

Unclassified -Unlimited 
Subject Category 71 


