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CRUISE N O I S E  OF THE SR-2 PROPELLER MODEL I N  A WIND TUNNEL 

James H .  D i  t t m a r  
N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  

Lewis Research C e n t e r  
C l e v e l a n d ,  O h i o  44135 

SUMMARY 

Noise d a t a  o n  t h e  SR-2 model p r o p e l l e r  were t a k e n  i n  t h e  NASA Lew is  
Research C e n t e r  8- b y  6-Foot  Wind Tunne l .  
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  a t  a h e l i c a l  t i p  Mach 
number of a b o u t  1 .05;  t h e n  i t  rema ins  t h e  same or dec reases  a t  h i g h e r  h e l i c a l  
t i p  Mach numbers. T h i s  b e h a v i o r ,  wh ich  has been o b s e r v e d  w i t h  o t h e r  p r o p e l l e r  
models ,  p o i n t s  t o  t h e  p o s s i b i l i t y  o f  u s i n g  h i g h e r  p r o p e l l e r  t i p  speeds t o  l i m i t  
a i r p l a n e  c a b i n  n o i s e  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 .  Noise 
compar i sons  o f  t h e  s t r a i g h t - b l a d e  SR-2 p r o p e l l e r  and t h e  swep t -b lade  SR-7A p r o -  

& p e l l e r  showed t h a t  t h e  t a i l o r e d  sweep o f  t h e  SR-7A appears t o  be t h e  cause of 
b o t h  l o w e r  peak n o i s e  l e v e l s  and a s l o w e r  n o i s e  i n c r e a s e  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. 

The maximum b l a d e  p a s s i n g  t o n e  r i s e s  

INTRODUCTION 

n o i  se 
i t  may 
p rope  1 
d u c e r s  
( r e f s .  
p e l  l e r  
e r s  i n  
t h i s  p 

Advanced tu rboprop -powered  a i r c r a f t  o f f e r  t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  
f u e l  s a v i n g s  o v e r  e q u i v a l e n t  c o r e  t e c h n o l o g y  tu rbo fan -powered  a i r c r a f t .  The 

rom advanced h i g h  speed p r o p e l l e r s  i s  o f  p r e s e n t  c o n c e r n  s i n c e  a t  c r u i s e  
pose an e n v i r o n m e n t a l  p r o b l e m  i n  t h e  a i r p l a n e  c a b i n .  A number of model 
e r s  have p r e v i o u s l y  been t e s t e d  fo r  a c o u s t i c s  b y  u s i n g  p r e s s u r e  t r a n s -  
embedded i n  t h e  c e i l i n g  o f  t h e  NASA Lewis 8- b y  6-Foot Wind Tunnel  
1 t o  5 ) .  The n o i s e  o f  t h e  l a r g e - s c a l e  advanced p r o p f a n  (LAP) model p r o -  

SR-7A, was measured i n  t h i s  w i n d  t u n n e l  b y  embedding p r e s s u r e  t r a n s d u c -  
a p l a t e  suspended from t h e  t u n n e l  c e i l i n g  ( r e f s .  6 and 7 ) .  The use of 
a t e  p e r m i t s  b e t t e r  a n g u l a r  d e t e r m i n a t i o n  of t h e  p r o p e l l e r  d i r e c t i v i t y  

and, because of t h e  t h i n n e r  p l a t e  boundary l a y e r ,  l e s s  boundary  l a y e r  r e f r a c -  
t i o n  t h a n  t h e  w a l l  measurements.  The t h i c k n e s s - t o - w a v e l e n g t h  r a t i o  for t h e  
p l a t e  boundary  l aye r - to -mode l  p r o p e l l e r  sound i s  c l o s e r  t o  t h a t  of t h e  f u s e l a g e  
boundary  l a y e r - t o - f u l l  s i z e  p r o p e l l e r - i n - f l i g h t  sound t h a n  i s  t h a t  o f  t h e  c e i l -  
i n g  boundary  l aye r - to -mode l  p r o p e l  l e r  sound. T h e r e f o r e ,  t h e  d a t a  from t h e  
p l a t e  can more e a s i l y  be s c a l e d  t o  a i r p l a n e  c o n d i t i o n s .  

D u r i n g  t h e  t e s t i n g  o f  t h e  swept SR-7A model ( r e f s .  6 and 7 > ,  a l i m i t e d  
amount of d a t a  o n  t h e  s t r a i g h t - b l a d e  SR-2 p r o p e l l e r  model was t a k e n .  By u s i n g  
t h e  suspended p l a t e ,  d a t a  w i t h  b e t t e r  r e s o l u t i o n  and l e s s  boundary  l a y e r  
r e f r a c t i o n  t h a n  t h e  p r e v i o u s l y  t a k e n  SR-2 d a t a  ( r e f .  1 )  was o b t a i n e d .  The d a t a  
were i n t e n d e d  to  show how t h e  SR-2 p r o p e l l e r  n o i s e  v a r i e s  w i t h  h e l i c a l  t i p  Mach 
number and, b y  compar i son  w i t h  t h e  SR-7A d a t a ,  t h e  e f f e c t  o f  sweep o n  p r o p e l l e r  
n o i s e .  T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  t h e  SR-2 t e s t i n g .  

APPARATUS AND PROCEDURE 

The SR-2 p r o p e l l e r ,  w h i c h  i s  a s t r a i g h t - b l a d e  p r o p e l l e r  n o m i n a l l y  62 .2  cm 
( 2 4 . 5  i n . )  i n  d i a m e t e r ,  was t e s t e d  for a c o u s t i c s  i n  t h e  NASA Lew is  8- b y  6-Foot 



Wind T u n n e l .  Tab le  I shows some o f  t h e  d e s i g n  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 .  A p l a n  v iew  o f  t h e  w ind  t u n n e l  i s  shown i n  f i g u r e  l ( a > ,  and a p h o t o g r a p h  
o f  t h e  SR-2 p r o p e l l e r  i n  t h e  t e s t  s e c t i o n  i s  shown i n  f i g u r e  l ( b > .  The p r o p e l -  
l e r  was t e s t e d  a t  i t s  nominal  d e s i g n  b l a d e  s e t t i n g  a n g l e  o f  5 9 " ,  measured a t  
t h e  314 r a d i u s  l o c a t i o n .  The p r o p e l l e r  was o p e r a t e d  a t  nominal  advance r a t i o s  
r a n g i n g  from 2.75 to  3.85 fo r  t u n n e l  Mach numbers from 0 . 6  t o  0 . 8 ,  and a t  nomi-  
n a l  advance r a t i o s  r a n g i n g  from 3 . 0 6  t o  3 . 6 5  f o r  t u n n e l  Mach numbers o f  0 . 8 5  
and 0.9. 

A p l a t e  was f i r m l y  a t t a c h e d  t o  t h e  t u n n e l  c e i l i n g ,  0 . 3  p r o p e l l e r  d i a m e t e r s  
from t h e  p r o p e l l e r  t i p ,  and t r a n s d u c e r s  w e r e  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  
s u r f a c e  t o  measure t h e  n o i s e  o f  t h e  p r o p e l l e r .  A p h o t o g r a p h  o f  t h i s  p l a t e  w i t h  
t h e  SR-7A p r o p e l l e r  ( r e f s .  6 and 7 )  i s  shown i n  f i g u r e  2 ( a ) ,  and a s k e t c h  of 
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  2 ( b > .  Twelve t r a n s d u c e r s  w e r e  i n s t a l l e d  
on t h e  p l a t e  c e n t e r l i n e ,  wh ich  was d i r e c t l y  above t h e  p r o p e l l e r  c e n t e r l i n e .  
The t r a n s d u c e r s '  l o c a t i o n s  a r e  shown i n  f i g u r e  2 ( b ) .  The s i g n a l s  from t h e  
p r e s s u r e  t r a n s d u c e r s  were r e c o r d e d  o n  m a g n e t i c  t a p e ,  and narrowband s p e c t r a  
w e r e  o b t a i n e d  f o r  each o f  t h e  t e s t  p o i n t s .  T y p i c a l l y ,  t h e  narrowband r a n g e  was 
0 t o  10 000 Hz w i t h  a b a n d w i d t h  o f  32 Hz. 

RESULTS AND D I S C U S S I O N  

N o i s e  d a t a  were t a k e n  f o r  t h e  e x p e r i m e n t a 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  J ,  t h e  power c o e f f i c i e n t  Cp, and t h e  h e l i c a l  t i p  
Mach number Mht a r e  p r e s e n t e d  i n  t h i s  t a b l e .  Some l i m i t e d  a d d i t i o n a l  ae rody -  
namic d a t a  f r o m  p r e v i o u s  t e s t i n g  i s  a v a i l a b l e  i n  r e f e r e n c e  8 .  The a c o u s t i c  
d a t a  f o r  t h e  f i r s t  e i g h t  ha rmon ics  o f  t h e  p r o p e l l e r  b l a d e  p a s s i n g  t o n e  a r e  p r e -  
sen ted ,  as measured, i n  t a b l e s  I11 t o  I X .  

Noise 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 

The p r o p e l l e r  was t e s t e d  a t  a f i x e d  b l a d e  s e t t i n g  a n g l e  o f  59" f o r  a l l  
t h e  v a r i o u s  t u n n e l  a x i a l  Mach numbers. The peak b l a d e  p a s s i n g  t o n e s  measured 
o n  t h e  p l a t e  were p l o t t e d  as a f u n c t i o n  o f  h e l i c a l  t i p  Mach numbers ( s e e  
f i g .  3 ) .  These p l o t s  a r e  a t  a c o n s t a n t  advance r a t i o ,  so t h e  h e l i c a l  t i p  Mach 
number was v a r i e d  by chang ing  t h e  p r o p e l l e r  t i p  speed and t u n n e l  Mach number. 
D a t a  f o r  f i v e  advance r a t i o s  w e r e  p l o t t e d .  

A s  f i g u r e  3 shows, t h e  maximum b l a d e  p a s s i n g  t o n e  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 ;  t h e n  i t  rema ins  t h e  same or dec reases  
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 numbers. T h i s  b e h a v i o r  has been o b s e r v e d  
p r e v i o u s l y ,  p a r t i c u l a r l y  w i t h  t h e  swep t -b lade  SR-7A p r o p e l l e r  model ( r e f s .  6 
and 7 ) .  T h i s  same n o i s e  v a r i a t i o n  f o r  t h e  s t r a i g h t - b l a d e  SR-2 p r o p e l l e r  
i m p l i e s  t h a t  f a s t e r  r o t a t i n g  p r o p e l l e r s  may be u s e f u l  as a method t o  l i m i t  
c a b i n  n o i s e  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 .  

A t  some c o n d i t i o n s  a hump, c o n s i s t i n g  o f  t h e  peak,  a r e d u c t i o n  from t h e  
peak, and t h e n  an i n c r e a s e  w i t h  f u r t h e r  i n c r e a s e s  i n  h e l i c a l  t i p  Mach number, 
i s  seen i n  t h e  c u r v e ,  ( r e f s .  6 and 7 ) .  T h i s  hump i s  shown i n  f i g u r e  3 ( b >  for  
an advance r a t i o  of 3 . 5 .  A s  n o t e d  i n  r e f e r e n c e s  6 and 7 ,  t h e  hump may r e p r e -  
s e n t  a d i f f e r e n t  n o i s e  mechanism. Two o f  t h e  p o s s i b i l i t i e s  p roposed  were a 
"quadrupo le  n o i s e "  ( r e f .  9 )  and shock wave p r e s s u r e  r i s e  ( r e f .  10). A n o t h e r  

2 



p o s s i b i l i t y ,  p r e s e n t e d  by Hanson i n  r e f e r e n c e  1 1 ,  i s  t h a t  t h e  f low around  t h e  
p r o p e l l e r  t i p  changes t h e  n o i s e  p r o d u c t i o n  i n  t h i s  r e g i o n .  

D i r e c t i v i t y  

.- B lade  p a s s i n g  t o n e  l e v e l s  as f u n c t i o n s  o f  a n g u l a r  p o s i t i o n  ( i . e . ,  d i r e c -  
v i t i e s )  for t h e  SR-2 p r o p e l l e r  a r e  shown i n  f i g u r e  4 f o r  t h e  d e s i g n  advance 
t i o  ( J  = 3.06) c o n d i t i o n  a t  t h e  seven Mach numbers t e s t e d .  The peak n o i s e  
v e l s  o c c u r  a t  or j u s t  b e h i n d  t h e  p l a n e  o f  r o t a t i o n .  

The d i r e c t i v i t i e s  a t  most o f  t h e  Mach numbers a r e  s i m i l a r  i n  shape, w i t h  
2 n o t e d  e x c e p t i o n  a t  M = 0 . 7  where t h e  d i r e c t i v i t y  i s  much f l a t t e r .  A t  
= 0.7 t h e  f o r w a r d  n o i s e  i s  h i g h e r  t h a n  a t  e i t h e r  M = 0 . 6 5  or M = 0 . 7 5 ,  and 
! n o i s e  a t  t h e  fo rward -mos t  p o s i t i o n  of a round  50" i s  h i g h e r  t h a n  a t  any 
i e r  Mach number. A s i m i l a r  o b s e r v a t i o n  was made f o r  t h e  SR-7A p r o p e l l e r  
f s .  6 and 7 ) .  For b o t h  o f  t h e s e  p r o p e l l e r s ,  t h e  h e l i c a l  t i p  Mach number 

M = 0 . 7  was a p p r o x i m a t e l y  1.0, so t h e  f o r w a r d  n o i s e  i n c r e a s e  may be some 
n s i e n t  t r a n s o n i c  e f f e c t .  S i n c e  t h e  f a r - f o r w a r d  n o i s e  l e v e l s  a r e  h i g h e r  a t  
0.7 t h a n  a t  any o t h e r  Mach number, t h i s  may cause a c a b i n  n o i s e  peak a t  
f a r - f o r w a r d  a n g l e s  d u r i n g  an a i r p l a n e  a c c e l e r a t i o n  t o  M = 0.8 c r u i s e .  

Comparison w i t h  P r e v i o u s  SR-2 D a t a  

Four p r e s s u r e  t r a n s d u c e r s  embedded i n  t h e  t u n n e l  c e i l i n g  ( r e f .  1 )  were 
i o u s l y  used t o  g a t h e r  l i m i t e d  e x p e r i m e n t a l  d a t a  o n  t h e  SR-2 p r o p e l l e r  a t  a 
b l a d e  s e t t i n g  a n g l e .  I n  t h o s e  e x p e r i m e n t s  t h e  p r o p e l l e r  was t e s t e d  o n l y  
t s  d e s i g n  c o n d i t i o n ;  t h a t  i s ,  an advance r a t i o  e q u a l  t o  3 .06  and a t u n n e l  

number equa l  t o  0.8. F i g u r e  5 shows t h e  f o u r  t r a n s d u c e r  b l a d e  p a s s i n g  
j on t h e  p r e s e n t  d i r e c t i v i t y  p l o t .  The d a t a  from r e f e r e n c e  1 were c o r -  
?d  ( 1 )  by a d d i n g  6 dB t o  compensate f o r  t h e  c a l i b r a t i o n  e r r o r  i d e n t i f i e d  
! ference 4 and ( 2 )  b y  u s i n g  20 l o g  o f  t h e  d i s t a n c e  from t h e  p r o p e l l e r  cen- 
ne t o  a d j u s t  t h e  c e i l i n g  d a t a  t o  t h e  p l a t e  p o s i t i o n  - an a d d i t i o n  o f  8 dB 
e d a t a  n o t e d  i n  r e f e r e n c e  4 .  The e f f e c t  o f  boundary  l a y e r  r e f r a c t i o n  o n  
o r w a r d  t r a n s d u c e r s  i s  seen i n  f i g u r e  5. The d a t a  from t h e  two f o r w a r d  
n g  t r a n s d u c e r s  show lower n o i s e  l e v e l s  t han  t h e  p l a t e  d a t a  because of the 
er r e f r a c t i o n .  Re fe rence  4 n o t e d  t h a t  fo r  a f t  a n g l e s  g r e a t e r  t h a n  a b o u t  
t h e r e  i s  l i t t l e  or  n o  r e f r a c t i o n .  Here,  t h e  c e i l i n g  and p l a t e  a f t  d a t a  
-e v e r y  w e l l .  For t h e  i n i t i a l  d a t a  o f  r e f e r e n c e  1 ,  o n l y  f o u r  t r a n s d u c e r s  
I sed ;  o b v i o u s l y ,  t h i s  s e t  o f  d a t a  m issed  t h e  peak n o i s e  l e v e l  because 
was n o  t r a n s d u c e r  a t  100". 

Compari son w i t h  SR-7A D a t a  

N o i s e  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. - The SR-7A p r o p e l l e r ' s  
( r e f s .  6 and 7 )  l e a d i n q  edqe sweep was t a i l o r e d  t o  p r o v i d e  a n o i s e  r e d u c t i o n  a t  
t h e  c r u i s e  c o n d i t i o n  ( i . e . 1  M = 0'.8 and J = 3.06): Comparison o f  t h e  SR-7A 
p r o p e l l e r  n o i s e  w i t h  t h a t  o f  t h e  s t r a i g h t  b l a d e  SR-2 p r o p e l l e r  y i e l d s  a measure 
of t h e  no se r e d u c t i o n  due t o  t h e  t a i l o r e d  sweep. 
a n g l e s  o f  60 .1 "  fo r  t h e  SR-7A and 59"  f o r  t h e  SR-2, t h e  p r o p e l l e r  had s i m i l a r  
aerodynam c per formances.  
c i e n t  C, 

A t  d e s i g n  b l a d e  s e t t i n g  

See, for example,  t h e  c u r v e s  of t h e  power c o e f f i -  
as a f u n c t i o n  o f  t u n n e l  Mach number, f o r  t h e  SR-2 a t  59" and f o r  



t h e  t h r e e  t e s t e d  SR-7A b l a d e  s e t t i n g  a n g l e s ,  shown i n  f i g u r e  6 f o r  an advance 
r a t i o  of 3.06.  F i g u r e  7 compares t h e  v a r i a t i o n  o f  n o i s e  w i t h  h e l i c a l  t i p  Mach 
number for t h e  two p r o p e l l e r s  fo r  advance r a t i o s  o f  3 .75 ,  3 .5,  3 . 2 5 ,  3 .06,  and 
2 .75 .  

The SR-7A p r o p e l l e r  shows l e s s  peak b l a d e  p a s s i n g  t o n e  n o i s e  a t  a l l  of 
t h e  advance r a t i o s  shown i n  f i g u r e  7 ,  w i t h  a maximum d i f f e r e n c e  o f  a b o u t  5 dB 
a t  t h e  d e s i g n  advance r a t i o  o f  3 . 0 6  and h e l i c a l  t i p  Mach number o f  1 . 1 .  I n  
most cases t h e  n o i s e  f o r  t h e  two p r o p e l l e r s  s t a r t s  a t  a b o u t  t h e  same l e v e l  a t  
t h e  l o w e r  h e l i c a l  t i p  Mach numbers.  The SR-7A n o i s e  r i s e s  more s l o w l y  as t h e  
h e l i c a l  t i p  Mach number i n c r e a s e s ,  and reaches  a l o w e r  peak l e v e l  t h a n  t h e  
SR-2 p r o p e l l e r  n o i s e .  
caused t h e  s l o w e r  n o i s e  i n c r e a s e  w i t h  speed and t h e  l o w e r  peak v a l u e .  

The t a i l o r e d  sweep o f  t h e  SR-7A p r o p e l l e r  a p p a r e n t l y  

A p r e v i o u s  compar ison o f  t h e  SR-2 p r o p e l l e r  and a swept SR-3 p r o p e l l e r  
showed t h e  n o i s e  advantage o f  t h e  swept p r o p e l l e r  e x t e n d s  t o  a l o w e r  Mach 
number t h a n  i s  shown h e r e  f o r  SR-7A ( f i g .  1 1  o f  r e f .  1 ) .  I n  f i g u r e  6 t h e  
SR-7A i s  shown t o  have a somewhat h i g h e r  power c o e f f i c i e n t  a t  t h e  l o w e r  Mach 
numbers t h a n  does t h e  SR-2. T h i s  h i g h e r  power may be c a u s i n g  a h i g h e r  l o a d i n g  
n o i s e  l e v e l  f o r  t h e  SR-7A, t h u s  mask ing  t h e  sweep advantage a t  t h e  l o w e r  Mach 
numbers.  A t  t h e  o t h e r  end o f  t h e  Mach number r a n g e ,  t h e  SR-7A n o i s e  approaches 
t h e  SR-2 l e v e l s  a t  t h e  h i g h  h e l i c a l  t i p  Mach numbers ( f i g .  7 ( d ) ,  Mht = 1 . 2 9 ) .  

D i r e c t i v i t y  comparisons. - C o m p a r i s o n s  o f  t h e  SR-7A and SR-2 blade passing 
t o n e  d i r e c t i v i t i e s  a r e  shown i n  f i g u r e  8 f o r  t h e  3 . 0 6  d e s i g n  advance r a t i o  a t  
t h e  seven Mach numbers t e s t e d .  

I n  g e n e r a l ,  t h e  d i r e c t i v i t i e s  fo r  t h e  two p r o p e l l e r s  have t h e  same shape. 
A t  t h e  l o w e r  a x i a l  Mach numbers,  M = 0 . 6  t o  M = 0 . 8 ,  t h e  SR-2 n o i s e  l e v e l  
peaks a t  a l o c a t i o n  s l i g h t l y  f o r w a r d  o f  t h a t  o f  t h e  SR-7A p r o p e l l e r .  Th is  
m i g h t  be e x p e c t e d  s i n c e  t h e  SR-7A's swept b l a d e s  move i t s  t i p  s e c t i o n s  down- 
s t r e a m  w i t h  r e s p e c t  t o  t h e  SR-2 t i p  s e c t i o n s .  However, a t  t h e  M = 0.85 a x i a l  
Mach number, t h e  peak n o i s e  l o c a t i o n  of t h e  SR-7A i s  s l i g h t l y  f o r w a r d ,  and a t  
M = 0.9 s i g n i f i c a n t l y  f o r w a r d ,  o f  t h a t  o f  t h e  SR-2. The peak n o i s e  l o c a t i o n  
for t h e  SR-7A p r o p e l l e r  rema ined  a t  a b o u t  100" f o r  t h e  M = 0 .8 ,  0 .85 ,  and 
0.90 t e s t  c o n d i t i o n s ,  b u t  t h a t  o f  t h e  SR-2 p r o p e l l e r  moved r e a r w a r d  from a b o u t  
100" a t  M = 0 .8  t o  a b o u t  110" a t  M = 0 . 9 .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  
s h i f t  to t h e  r e a r  i s  r e l a t e d  t o  t h e  shock wave o n  t h e  SR-2 l e a d i n g  edge. Ref- 
e rence  12 n o t e s  such a l e a d i n g  edge shock on  t h e  SR-2 b l a d e  a t  t h e s e  h i g h  h e l i -  
c a l  t i p  Mach numbers, whereas none was e x h i b i t e d  b y  a swep t -b lade  SR-3, w h i c h  
i s  s i m i l a r  t o  t h e  SR-7A. The s h i f t  i n  l o c a t i o n  o f  t h e  peak fo r  t h e  SR-2 d i r e c -  
t i v i t y  may be due t o  t h i s  shock f r o n t  a n g l i n g  more downstream as t h e  Mach 
number i n c r e a s e s .  The SR-7A, p resumed ly  l a c k i n g  t h e  l e a d i n g  edge shock,  does 
n o t  e x h i b i t  t h e  peak l o c a t i o n  change. 

Harmonics.  - The r e l a t i v e  l e v e l s  o f  t h e  b l a d e  p a s s i n g  t o n e  ha rmon ics  w i t h  
r e s p e c t  to  t h e  fundamenta l  a r e  a l s o  o f  i n t e r e s t .  A s  was shown i n  r e f e r e n c e s  6 
and 7 for t h e  SR-7A p r o p e l l e r ,  f i g u r e  9 i s  t h e  p l o t  o f  t h e  r e l a t i v e  l e v e l s  of 
t h e  ha rmon ics  a t  M = 0 .8 and J = 3 . 0 6  ( d e s i g n )  w i t h  r e s p e c t  t o  t h e  fundamen- 
t a l  a t  t h e  maximum n o i s e  p o s i t i o n  - t r a n s d u c e r  number 7 (100"). A l t h o u g h  i n d i -  
v i d u a l  ha rmon ics  d i f f e r  somewhat, p a r t i c u l a r l y  ha rmon ic  number 2 ,  t h e  s l o p e s  of 
t h e  g e n e r a l  d e c l i n e  i n  n o i s e  w i t h  i n c r e a s i n g  ha rmon ic  number a r e  a p p r o x i m a t e l y  
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the same (about 6 dB/harmonic> for both propellers. 
decay is more complex for the SR-7A than for the SR-2. 

In general, the harmonic 

CONCLUDING REMARKS 

Noise data on the straight blade SR-2 propeller model were taken in the 
NASA Lewis 8- by 6-Foot Wind Tunnel. The propeller was tested at its design 
blade setting angle at seven tunnel Mach numbers and five advance ratios. 
maximum blade passing tone occurs in the 100" to 110" range and, at constant 
advance ratio, rises with increasing helical tip Mach number to a peak level 
at around 1.05 helical tip Mach number; then it remains the same or decreases 
with increasing helical tip Mach numbers. This behavior, which has been 
observed with other propeller models, implies that using faster rotating pro- 
pellers may be a method of limiting cabin noise while maintaining high flight 
speed and efficiency. 

The 

Noise comparisons of the straight-blade SR-2 propeller and the swept-blade 
SR-7A propeller showed that the tailoring of the SR-7A sweep appears to have 
resulted in lower peak noise levels and slower noise increases with increasing 
helical tip Mach numbers. Comparison of plots of relative levels of the blade 
passing tone harmonics with respect to the fundamental at 100" as a function of 
increasing harmonic number showed about the same slope for the two propellers 
at 

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

the design condition. 
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TABLE I . . SR-2 PROPELLER DESIGN CHARACTERISTICS 

D i a m e t e r .  cm ( i n . )  . . . . . . . . . . .  6 2 . 2  ( 2 4 . 5 )  
Number o f  b lades  . . . . . . . . . . . . . . . . .  8 
Design Mach number . . . . . . . . . . . . . . .  0.80 
Design t i p  speed. m/sec ( f t / s e c )  . . . . .  244 (800)  
Design advance r a t i o  . . . . . . . . . . . . . .  3 . 0 6  
Design power c o e f f i c i e n t  . . . . . . . . . . . .  1 . 7  

A c t i v i t y  f a c t o r  . . . . . . . . . . . . . . . .  203 
Blade  s e t t i n g  a n g l e .  deg . . . . . . . . . . . . .  59 

Design power l o a d i n g  kW/m2 ( h p / f t 2 )  . . .  301 ( 3 7 . 5 )  

7 



TABLE 11. - TEST CONDITIONS 
[B lade s e t t i n g  a n g l e  e q u a l s  59O.I 

A x i a l  
Mach 

number 

0.90 

I 
I 

0.85 

0.80 I 
I 
I 
I 
I 

0.75 

0.70 

0.65 

0.60 

a W i  ndmi 

Advance 
r a t i o ,  

J 

3.63 
3.5 
3.25 
3.06 
3.70 
3.5 
3.25 
3.06 
3.84 
3.75 
3.5 
3.25 
3.06 
2.84 
3.84 
3.75 
3.5 
3.25 
3.06 
2.75 
3.84 
3.75 
3.5 
3.25 
3.06 
2.75 
3.84 
3.75 
3.5 
3.25 
3.06 
2.75 
3.85 
3.75 
3.5 
3.25 
3.06 
2.75 

He1 i c a l  
t i p  Mach 

number, 
M h t  

1.192 
1.209 
1.250 
1.289 
1.115 
1.143 
1.182 
1.217 
1.034 
1.042 
1.074 
1 . 1 1 1  
1.147 
1.191 
.968 
.978 
1.006 
1.043 
1.074 
1.140 
.904 
.915 
.940 
.974 
1.004 
1.061 

.838 

.845 

.870 

.go1 

.928 

.980 

.773 

.782 

.805 

.833 

.857 

.907 

Power 
c o e f  f i c i  e n t  , 

cP 

( a )  
0.292 
,786 
1.047 
( a )  
.502 
1.022 
1.335 

( a )  
.182 
.685 
1.187 
1.514 
1.834 

( a )  
.190 
.673 
1.143 
1.512 
2.015 

( a )  
.174 
.630 
1.092 
1.432 
2.024 

.165 

.615 
1.042 
1.359 
1.912 

( a )  
.186 
.619 
1.025 
1.320 
1.816 

( a )  

a 



TABLE 111. - ACOUSTIC DATA FOR FIRST EIGHT HARMONICS AT MACH 0.9 

I Harmonic I Transducer  

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

Sound p r e s s u r e  l e v e l  o f  harmonic ,  SPL, dB, r e f .  2x10-!’ N/mZ 

Advance r a t i o  J = 3.06 

5 

6 

7 

8 

--- --- --- ----- ( c )  138.0 145.0 147.0 141.0 141.0 144.5 132.0 

--- --- --- ----- ----- 135.5 144.0 146.0 137.0 134.0 141.0 129.0 

--- --- --- ----- ----- 133.5 143.0 144.5 138.5 128.0 136.0 125.0 

--- --- --- ----- - ---- 131.0 140.0 142.0 133.5 132.5 ( c )  126.5 

2 

3 

4 

5 

--- --- --- ( c )  143.5 147.0 153.0 154.0 149.0 150.5 150.5 143.0 

--- --- --- ----- 138.5 145.0 151.0 151.0 142.5 135.5 139.5 141.0 

--- --- --- ----- 131.5 142.5 148.5 148.0 140.0 136.0 135.0 139.0 

--- --- --- ----- 126.0 139.5 145.5 145.0 138.5 138.0 133.0 135.0 

8 --- --- --- ----- ----- 133.0 142.0 139.0 124.5 132.0 133.0 127.0 

149.0 149.5 +- 142.0 146.0 

159.0 I 161.0 161.0 I 161.0 I 153.5 162.0 

154.0 I 157.0 160.0 152.5 I 144.5 I 146.5 I 
134.0 I 142.0 150.0 153.0 + 148.5 151.0 

153.0 

126.5 1 139.0 151 .O 

146.0 I 148.0 146.0 132.5 I 143.0 I 132.0 I 
I 

142.5 

141 .O 

139.5 I 142.0 137.5 130.0 1 137.0 I 131.0 I 

a1 I ( b )  I ( c )  I ( c )  I 144.5 I 151.0 I 153.5 I 159.5 I 160.0 I 159.0 I 156.0 I 155.5 I 141.5 
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Harmonic Transducer 
number 

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

Sound p r e s s u r e  l e v e l  o f  harmon ic ,  SPL,  dB, r e f .  Z X ~ O - ~  N/m2 

Advance r a t i o  J = 3.06 

a1 ( b )  (C) ( c )  143.5 152.0 155.5 161.5 163.0 163.0 161.5 153.0 144.0 

2 --- --- --- ( c )  141.5 148.0 157.0 158.5 153.0 144.5 147.0 144.0 

3 --- --- --- ----- 133.5 146.5 155.0 157.0 147.5 149.5 145.5 137.0 

4 --- --- --- ----- ( c )  143.5 152.0 152.0 147.0 138.0 145.0 133.0 

5 --- --- --- ----- ----- 139.0 149.0 148.5 137.5 138.0 137.0 130.0 

6 --- --- --- ----- --- -- 137.0 147.5 147.0 135.0 141.0 134.0 ( c )  

7 --- --- --- ----- ----- 134.0 146.0 144.5 132.5 138.0 135.0 ----- 
8 --- --- --- ----- ----_ 130.0 142.5 142.0 127.5 129.0 133.0 ----- 

Advance r a t i o  J 3.25 

a l  1 ( c )  I ( c )  I ( c )  1 143.0 I 152.5 1 156.0 I 160.5 I 161.0 I 159.5 I 153.0 I 154.5 I 142.0 , 
2 

3 

--- --- --- ( c )  145.0 149.5 158.0 158.0 148.0 146.0 147.5 138.0 

--- --- _-- ----- 137.5 147.5 154.0 152.5 148.0 145.0 135.5 135.0 

af31 ade p a s s i  ng f requency  . 
bTransducer n o t  f u n c t i o n i n g .  
C N o t  v i s i b l e  above t u n n e l  background n o i s e .  

4 

5 

6 

10 

--- --- --- ----- ( c )  144.0 152.0 146.0 141.0 143.0 140.0 132.5 

--- --- --- ----- ----- 141.5 150.0 144.0 136.0 134.0 139.5 ( c )  

--- --- --- ----- -- --- 138.0 147.0 136.0 136.0 130.0 133.5 ----- 

--- 7 

8 --- 

--- --- ----- ----- 135.5 146.0 137.5 130.0 136.0 127.0 ----- 

--- --- ----- - ---- 133.5 144.0 133.0 129.5 134.5 124.0 ----- 



TABLE I V .  - Concluded. 

Harmonic 
number 

Transducer 

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

Sound p r e s s u r e  l e v e l  of harmonic,  SPL, dB, r e f .  N/m2 

Advance r a t i o  J = 3.5 

a1 I ( c )  1 ( c )  I ( c )  I 143.0 I 152.5 I 157.5 I 157.5 I 156.5 I 153.5 I 151.0 I 145.0 I 144.5 

2 

3 

--- --- --- ( c )  144.5 151.0 154.5 152.5 143.0 144.5 137.0 139.0 

--- --- --- ----- 139.5 146.5 149.0 137.0 146.5 138.0 138.5 ( c )  

5 

6 

8 I --- I --- I --- I ----- I ----- I 134.0 I 137.5 I 124.5 I 130.0 I 127.0 I 127.0 I ----- 

--- --- _-- ----- ( c )  142.0 144.5 140.0 125.0 139.5 137.5 ----- 

--- --- --- ----- ----- 140.0 142.5 133.0 137.0 132.5 136.0 ----- 

Advance r a t i o  J 3.70 

aBl ade pass ing  f requency .  
bTransducer n o t  f u n c t i o n i n g .  
‘Not v i s i b l e  above tunne l  background n o i s e .  

1 1  



TABLE V .  - ACOUSTIC DATA FOR FIRST EIGHT HARMONICS AT MACH 0.80 

Harmonic 
number 

Transducer 

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

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

144.0 

( C )  

144.0 151.5 156.0 162.0 166.0 166.0 163.0 160.0 160.0 150.5 

( c )  138.5 149.5 158.0 162.0 159.0 146.0 154.5 152.0 145.0 

----- ---_- ( c )  141.5 153.5 157.5 151.0 145.5 

----- 1 ----- 1 ----- I ( c )  1 145.5 1 150.5 I 138.5 1 140.0 I 130.5 1 136.0 I 129.0 

139.0 137.0 141.5 

----- 
----_ 

Advance r a t i o  J = 3.06 

I 142.0 I 142.0 1 145.0 1 152.5 I 157.0 I 162.0 I 165.5 a1 165.0 I 162.0 I 159.5 I 158.0 I 153.5 

----- ----- 136.0 151.5 155.5 144.0 134.5 138.5 143.0 136.0 

----_ ---__ 130.0 146.5 151.0 139.5 133.5 133.0 131.0 130.5 

----- 

----- 
----_ ---_- ----- 142.0 137.0 134.5 134.0 126.0 132.0 129.0 

---_- -- - -_ ---_- 140.5 136.5 132.0 131.0 127.0 125.5 125.0 

2 

3 

Advance r a t i o  J = 3.25 

( C )  ( C )  ( c )  142.5 150.0 158.0 158.0 151.5 152.5 149.5 150.5 140.5 

___-_ ----_ ----- ( c )  143.5 153.0 151.5 144.5 139.0 139.0 139.5 139.5 

143.0 -+- IT 

4 

5 

6 

I 

----- ----_ ----_ ----- 139.0 150.5 145.0 136.5 142.5 134.5 137.5 135.5 

----- ----_ ---__ ----_ 134.5 147.5 140.0 129.0 136.5 136.0 133.0 139.0 

----- ----- ----- ----- 130.0 146.0 137.0 130.0 130.0 134.5 130.0 135.5 

145.0 144.0 154.0 

7&&G 

7 

8 

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

----- ----- ----_ ---__ ( c )  143.0 132.0 129.5 127.0 133.0 126.0 126.0 

----- ----- ----- ----- ( c )  140.5 128.0 123.0 124.5 127.5 126.5 127.5 

158.5 

150.5 

163.0 164.0 162.5 157.5 151.5 149.0 155.5 

157.5 152.5 143.0 146.0 145.5 141.5 139.5 

137.5 I 148.5 I 134.0 I 132.5 I 136.5 I 136.0 I 131.0 I ( c )  

145.5 

142.0 

155.0 144.0 144.5 132.0 143.5 138.0 136.5 

151.0 140.0 133.0 140.5 138.5 133.0 131.5 

133.0 

129.0 

aBl ade p a s s i n g  f requency .  
bTransducer n o t  f u n c t i o n i n g .  
CNot v i  s i  b l e  above t u n n e l  background n o i s e .  

145.0 134.5 128.0 135.5 133.0 ( C )  ----- 

143.0 132.0 ( c )  133.0 131.0 ----- ----- 

12 

( c )  142.0 129.0 ( c )  132.5 129.5 ----- ----- 



TABLE V .  - Concluded. 

Harmonic 
number 

Transducer 

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

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

. 

2 

3 

(C)  ( C )  ( c )  139.5 146.5 152.5 144.5 141.0 139.0 136.5 

----- ----- _-__- ( C )  ( c )  139.0 149.0 146.5 138.5 ( c )  

136.0 141.5 143.0 

E- 137.5 134.0 138.5 137.0 ----- 
( c )  139.0 131.0 134.0 ----- 

1 7  

Advance r a t i o  J = 3.84 

a1 I 137.5 I 139.0 I 139.5 I 146.0 I 154.0 I 156.5 I 151.5 I 147.5 I 145.5 I 146.0 I 142.5 I 139.5 
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TABLE V I .  - ACOUSTIC D A T A  FOR F I R S T  E I G H T  HARMONICS A T  MACH 0.75 

1 

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

~~~ ~ 

T ransducer  

2 

3 

4 

--- 140.0 140.5 148.0 156.5 162.0 156.0 153.0 152.5 156.0 150.0 145.5 

--- ( c )  136.0 144.0 152.0 158.0 143.0 150.5 142.0 144.0 141.5 143.0 

--- ----- ( c )  133.0 147.0 155.0 140.0 140.5 143.0 135.5 138.0 143.0 

I al 1 ( b )  1 146.5 I 148.0 I 159.0 I 162.5 1 167.5 I 168.5 I 167.0 I 165.0 I 155.0 I 151.0 I 155.5 

5 --- ----- ----- I 130.0 I 143.0 I 152.0 I 142.0 I 141.0 1 137.0 1 133.0 I 135.5 I 138.0 

6 --- ----- --_-- I ( c )  I 139.0 I 150.0 I 141.0 I 135.0 I 137.0 I 135.0 I 138.5 136.0 

7 

8 

--- ----- ----- ----- 133.5 147.0 139.0 126.0 125.0 132.0 132.0 126.5 

--- ----- ----- ----- 131.0 145.0 135.0 129.5 128.0 129.0 130.0 131.0 

a1 

2 

3 

aBl ade pass i  n g  f requency  . 
bTransducer n o t  f u n c t i o n i n g .  
‘Not v i s i b l e  above t u n n e l  background n o i s e .  

( b )  145.5 144.5 158.0 161.5 162.5 159.0 155.0 156.0 156.5 154.0 149.5 

--- 140.0 140.5 144.5 147.5 143.0 151.0 151.5 147.0 139.5 140.5 143.0 

--- (C) ( c )  134.5 141.5 148.5 138.0 140.5 137.5 137.0 134.5 137.5 

14 

4 

5 

--- ----- ----- ( c )  136.0 146.0 140.0 135.0 134.0 131.0 132.5 138.5 

--- ----- ----- ----- ( c )  138.5 135.0 129.5 131.0 130.0 133.0 134.0 



TABLE V I .  - Concluded. 

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

~~ 

Transducer 

146.0 142.5 140.5 142.0 I 139.5 

139.5 I 131.5 142.5 

138.5 

132.0 

143.0 

137.0 

(C)  

128.0 

129.5 

126.0 I 126.0 I 129.0 127.0 

122.0 ( c )  124.0 128.0 

,dvance r a t i o  J = 3.75 

I I I I I I I 
tdvance r a t i o  J 3.84d 

136.0 138.0 149.0 * 
I 

aBl ade p a s s i  n g  f requency  . 
bTransducer  n o t  f u n c t i o n i n q .  
CNot v i  s i  b l  e above t u n n e l  Lackground n o i s e .  
dMeasurements were taken a t  a l l  t r a n s d u c e r s  f o r  t h e  f i r s t  e i g h t  harmonics.  b u t  none was v i s i b l e  above t h e  

t u n n e l  background no ise .  

15 



TABLE V I I .  - ACOUSTIC DATA FOR F I R S T  E I G H T  HARMONICS A T  MACH 0.7 

1 2 3 4 5 6 7 8 9 

I Harmonic I Transducer 

10 1 1  12 

Sound p r e s s u r e  l e v e l  o f  harmon ic ,  S P L ,  dB, r e f .  ZxlO-’ N/m’ I I 

aBlade p a s s i n g  f requency .  
bTransducer n o t  f u n c t i o n i n g .  
CNot v i s i b l e  above t u n n e l  background n o i s e .  

16 



TABLE V I I .  - Concluded. 

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

I Harmonic I Transducer 

12 

Sound p r e s s u r e  l e v e l  o f  harmonic,  SPL, dB, r e f .  2 ~ 1 0 - ~  N/m' I I 

Advance r a t i o  J = 3 .5  I 

aBl ade p a s s i  ng f requency  . 
bTransducer n o t  f u n c t i o n i n g .  
'Not v i  s i  b l e  above t u n n e l  background n o i s e .  
dMeasurements were taken a t  a l l  t r a n d u c e r s  f o r  t h e  f i r s t  e i g h t  harmon ics ,  b u t  none w a s  v i s i b l e  above the  

t u n n e l  background n o i s e .  

17 



TABLE V I I I .  - ACOUSTIC DATA FOR FIRST EIGHT HARMONICS AT MACH 0.65 

1 2 3 4 5 6 7 8 9 10 

I Harmonic I Transducer 

1 1  12 

I I Sound p r e s s u r e  l e v e l  o f  harmonic ,  SPL, dB, r e f .  2 ~ 1 0 - ~  N/mL 

aBl ade p a s s i  ng f requency .  
bTransducer n o t  f u n c t i o n i n g .  
CNot  v i s i b l e  above t u n n e l  background n o i s e .  
dMeasurements were taken a t  a l l  t r a n s d u c e r s  f o r  t h e  f i r s t  e i g h t  harmon ics ,  b u t  none was v i s i b l e  above t h e  

t u n n e l  background n o i s e .  

18 



TABLE I X .  - ACOUSTIC DATA FOR FIRST EIGHT HARMONICS A T  MACH 0.6 

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

1 Harmonic I Transducer 

12 

a1 

2 

I I Sound p r e s s u r e  l e v e l  o f  harmonic ,  SPL, dB, r e f .  2 ~ 1 0 - ~  N/mL 

( b )  127.5 128.5 136.5 

--- 127.0 124.0 124.5 

140.0 I 141.5 I 139.0 I 137.0 I 133.0 I 128.5 I 128.0 I 131.0 
I I I I I 1 I 

126.5 I 127.5 I 125.5 I 123.5 I 122.0 I 123.0 I 123.5 I 123.0 

I Advance r a t i o s  J = 3.5, 3.75, and 3.85d 

aBl ade p a s s i  ng f requency  . 
bTransducer n o t  f u n c t i o n  i ng. 
'Not v i  s i  b l  e above t u n n e l  background n o i s e .  
dMeasurements were taken a t  a l l  t r a n s d u c e r s  f o r  t h e  f i r s t  e i g h t  harmonics,  b u t  none was v i s i b l e  above t h e  

t u n n e l  background n o i s e .  

1 9  
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( a )  ACOUSTIC PLATE MOUNTED OVER SR-7A PROPELLER. 
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i 150 

140 1 
( a )  ADVANCE RATIO J = 3.75. EXCEPT AS NOTED. 

U m 170 r 

(b) ADVANCE RATIO J = 3.5.  
- 

160 

150 

140 
.8 .9 1.0 1.1 1.2 1.3 

ADVANCE 
RATIO. 

J 

0 3.75 
[7 3.70 
0 3.63 
0 3.50 
A 3.25 
0 3.06 
V 2.84 
0 2.75 

( d )  ADVANCE RATIO J = 3.06. 

.8 .9 1.0 1.1 1.2 1.3 
HELICAL T I P  MACH NUMBER 

(c )  ADVANCE RATIO J = 3.25. ( e )  ADVANCE RATIO J = 2.75, EXCEPT AS NOTED. 

FIGURE 3. - VARIATION OF R4XINUM BLADE PASSING TONE WITH RESPECT TO HELICAL T I P  MACH NUMBER AT 
VARIOUS ADVANCE RAT I OS. 
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(c )  M = 0.80. 
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(g )  M = 0.60. 

u 
1 2  3 4 5 6 7 8  9 1011 12 

(d )  M = 0.75. 

TRANSDUCER LOCATIONS 

FIGURE 4. - BLADE PASSING TONE D I R E C T I V I T I E S  FOR VARIOUS AXIAL MACH NUMBERS FOR J = 3.06. 
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FIGURE 5. - COMPARISON OF SR-2 DIRECTIVITY WITH 
PREVIOUS DATA CORRECTED BY ADDING 6 d B  FOR 
CALIBRATION ERROR (REF. 4 )  AND 8 d B  FOR D I S -  
TANCE FROM CENTERLINE (14 dB TOTAL). 
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FIGURE 6 .  - VARIATION OF POWER COEFFICIENT 
WITH RESPECT TO TUNNEL RACH NUMBER FOR 
J = 3.06. 
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( d )  ADVANCE RATIO J = 3.06. 
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(c) ADVANCE RATIO J = 3.25. ( e )  ADVANCE RATIO J = 2.75, EXCEPT AS NOTED. 

FIGURE 7. - COMPARISON OF SR-2 AND SR-7A BLADE PASSING TONES. 
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FIGURE 8. - COMPARISONS OF SR-2 AND SR-7A BLADE PASSING TONE D I R E C T I V I T I E S  AT VARIOUS MACH 

NUMBERS FOR J = 3.06. 
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