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Abstract 

A fu l l - s ca l e  wind tunnel  s tudy of the  e f f e c t s  of t i p  shapes on 
noise rad ia t ion  was performed i n  the  WSA-Ames Research Center 60- by 
80-Fmt Wind Tunnel. Fobr t i p  shapes were t es ted .  They are rectangu- 
lar, swept, tapered, and swept-tapered. The measured d a t a  covered a 
v ide  range of opera t ing  mnd i t ions .  The range of advancing t i p  Mach 
numbers were between 0.72 t o  0.96, and the  advance r a t i o s  were from 
0.2 to 0.375. A t  l o w  and moderate advancing t i p  Mach number, t h e  da t a  
in t h e  dbA scale appear t o  i n d i c a t e  t h e  swept t i p  Is t h e  q u i e t e s t ,  
w e p t  tapered the  second, tapered t h i r d  and rec tangular  t he  most noisy. 
Above an advancing t i p  Xach number of a b u t  0.89, a d i s t i n c t  acous t i ca l  
pulse  can be observed, which dominates the  acous t i ca l  waveform. The 
pulse  shape is s)?mnetric a t  moderate t i p  Mach number, changing t o  a 
sawtooth shape a t  h i sh  advancing t i p  >tach numbers. Based on the am- 
p l i t u d e  of t he  impulsfve noise, i t  appears  the  swept-tapered t i p  is 
t he  q u i e t e s t ,  tapered t i p  the  second, swept t i p  t h i r d  and sq-are t i p  
tire most noisy. The da ta  presented i n  t h i s  repor t  should be use fu l  
as da ta  bases for t he  modeling and eva lua t ing  he l i cop te r  impulsive 
noise.  
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1. In t roduct ion  

The designs of modern h e l i c o p t e r s  are challenged by t h e  government 
noise regu la t ions  and cornuni ty  acceptance i n  add i t ion  t o  the  comfort 
requirements of passengers  i n  c i v i l  appl ica t ions .  For m i l i t a r y  s e rv i ce ,  
reduced noise  is d e s i r a b l e  to reduce the  d e t e c t a b i l i t y  of v e h i c l e s  and 
t h e  f a t l q u e  of s o l d i e r s .  External  no ise  of a he l i cop te r  is m i n l y  do- 
minated by t h e  aerodynamic noise produced by t h e  meir. r o t o r  and tail 
rotor. The mechanisms of noise genera t ion  of w i n  ro to r  and t a i l  r o t o r  
are similar. 

According to  Cox’ the aerodynamic noise from r o t o r s  can be classi- 
f i e d  i n t o  r o t a t i o n a l  no ise  and broadband noise.  The aerodynsmic sources  
of r o t a t i o n a l  noise are mean l i f t  and drag fo rces ,  harmonic fo rce  f luc-  
t ua t ions ,  And blade thickness .  The broadband noise  is uuin ly  due to 
random fo rce  f l u c t u a t i o n s ,  and wake  self-noise .  A prominent and impulsive 
sound occurs  when a he l i cop te r  operates i n  c e r t a i n  condi t ions.  When i t  
occurs  t h i s  sound domtnates a l l  o the r  noise sources .  

The blade t i p  is one of t h e  mst important noise  source regions.  
The e f f e c t s  of t i p  shapes on t h e  noise  genera t ion  a r e  r a t h e i  complicated 
because of t h e  complexity of t i p  aerodynamics. For d i f f e r e n t  t i p  shapes,  
t he  aerodynamic loading d i s t r i b u t i o n s  are d i f f e r e n t  and thc  r e s u l t i n g  
t i p  v o r t i c e s  are d i f f e r e n t .  
changes end d i f f e r e n t  aerodynamic response a t  t i p  region,  the  bladt  . 
vor tex  i n t e r a c t i o n  no i se  w i l l  be  changed. Because of t he  change In un- 
steady blade loriding, t h e  r o t a t i o n a l  no ise  r ad ia t ion  w i l l  a l s o  be  changed. 
The low frequency b osdband noise  is bel ieved mainly due t o  blade/ turbu-  
lence interaction2-‘. It, too, w i l l  be d i f f e r e n t  f o r  d i f f e r e n t  t i p  shapes 
due t o  the change of r o t o r  wake turbulence and blade aerodynamic respo s 
The high frequency broadband noise  which my be due t o  vo r t ex  shedding 
w i l l  be  a9fj)reci when the t i p  shapes arc a l t e r e d .  A t  high speed, blade 
th ickness  may be s i g n i f i c a n t  no ise  source. The th ickness  noise  is 
d i r e c t l y  r e l a t e d  to thc t i p  shapes and t h e i r  th ickness  d i s t r i b u t  ions.  
Di f fe ren t  t i p s  m y  Iiave d i f f e r e n t  compress ib i l i ty  c h a r a c t e r i s t i c s .  The 
sound r ad ia t ion  due t o  drag  divergence is dependent on the  t i p  com- 
p r e s s i b i l i t y .  

Due to the  combined e f f e c t s  of t i p  vort  :x 

3,%* 

Because of the  complexity of t h e  t i p  shape e f f e c t s  on no i se  genera- 
t ion,  no complete ana lyk ica l  method has  been developed. 
been many e f f o r t s  t o  f ind  a low noise  t i p  shape conf igura t ions  while 
t r y i p g  t o  keep or improve the  h e l i c o t e r  performance. Lyon, Mark and 
Pyle t h e o r e t i c a l l y  s tud ied  t h e  r o t o r  t i p  sound r ad ia t ion  and t r i e d  
synthes ize  r o t o r  t i p s  f o r  less noise.  Louson, Whatmore und Whitf ie ld  
found tha t  c u t t i n g  off the  corner  of fan blade t i p s  of rec tangular  plan- 
form can reduce the  high frequency broadband noise. They suggested 
tha t  t h i s  planform change my a l t e r  t h e  t i p  Yqrtf3 s e l f - i n t e r a c t i o n  
and therefore  the noise  r ad ia t ion .  Farassa t  -’ studied t h e  e f f e c t s  of 
thickness  d i s t r i h u t i o n  i n  t i p  region m noise rndia t ion .  Some t i p  shapes 

There have 

i? 
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have been experimental t r i e d  In wind ,~unnc l  and i n  f l i g h t .  A f u l l - s c a l e  
ogee t i p  he l i cop te r  r o t o r  was t e s t edAJ .  
favorable  rf f e c t  on t h e  r o t o r  at..rwstics. 

This t i p  was found t o  have a 

I t  is bel ieved t h a t  by s u i t a b l c  ticsign of t i p  shapes, t he  noise 
could be reduced while  improving: t h e  pcrfvnnance. To reach t h i s  end, a 
comprehensive test was undertaken on (I rtvtor having in te rchangeable  t i p s  
not only t o  determine t h e  acous t i c  e f f e c t s  of the  s p e c i f i c  t i p  shapes, 
but also  to  e s t a b l i s h  n d a t a  hnsr f o r  t h e  t h e o r e t i c a l  mxiel ing and pre- 
d i c  t ions. 

A 44-foot diameter ,  four  hlrdcd r o t o r  w i t h  i n t e r  :,.ingeablc t i p s  
was used. The four  t i p  shapes which are shown i n  Figure 1 were t e s t ed .  
They ware rec tangular ,  swept, tapered ( t rapezoida l  1 and swept-tapered. 
The rec tangular  t i p  s e rves  as a base l ine ,  and t h e  o t h e r  t h r e e  t i p s  
were used t o  systemti t ical ly  eva lua te  t h e  e f f e c t s  of t a p e r  andlor weep, 

The inves t iga t ion  covered D wide range of opera t ing  condi t ions .  The 
range of  advancing t i p  Mach numbers was 0.7'2 t o  0.96, and. the advancc 
r a t i o s  were from 0.2 to 0.375. For d e t a i l  rotor conf igu ra t ions ,  test 
procedures and ro to r  per formiwe,  see Reference 15, 



2. Data Acquis i t ion  and Reduction 
c 

Seven +inch B6K condenser microphone with cathode fo l lowers  were 
used f o r  the a c o u s t i c a l  measurements. Each microphone was equipped with 
a nose cone t o  reduce the  wind-induced noise. 
are given i n  Table I and shown in Figure 2. A coordinate system is a l s o  
shown. 
t h e  y-axis along the  advancing s i d e  of t h e  d i s c ,  and t h e  z-axis up. The 
microphones were c a l i b r a t e d  d a i l y  with a B&K pistonphone. 

The microphone loca t ions  

The o r i g i n  is a t  t h e  r o t o r  cen te r ,  wi th  t h e  x-axis downstream, 

The instrumenation set-up is schematically shown in Figure 3. Stan- 
dard a c o u s t i c  power supply and a m p l i f i e r  u n i t s  were used f o r  data condi- 
t ioning. 
recorcXng. 
a FM c e n t e r  frequency of 27 K Hz, and a bandwidth of 5 K Hz. 
back was performed a t  t h e  same time of recording. 
input and o u t p r t  s i g n a l ,  one can be  s u r e  t h a t  v a l i d  da t a  were recorded 
on t h e  tape. Tracks 6 t o  12 were used t o  record t h e  a c o u s t i c  d a t a  of 
Mic 1 to 7. 
t i ve ly .  
inspection. 

An Ampex 1300 A, lb-track FM tape recorder  was used f o r  data 
The recorder  s e t t i n g  was IRIG wide-band 1 and 7J5 i p s ,  with 

The play- 
By comparing the  

Track 13 and 14 recorded 256/rev and l / r e v  s i g n a l s ,  respec- 
The da ta  were a l s o  recorded on an osc i l l og raph  f o r  v i s u a l  

A homemade a c o u s t i c a l  p o l a r i t y  c a l i b r a t i o n  device, named po la r i -  
tometer, w a s  used t o  c a l i b r a t e  t h e  p o l a r i t y  of t h e  a c o u s t i c a l  d a t a  system. 
The p o l a r i t o m e t t r  generated a s t r o n g  p o s i t i v e  pressure  pu l se  as one pushed 
its plunge. 
corder  ahead of t he  a c o u s t i c a l  data.  
4. 
pressure.  
this polar i tometer  t r ace .  

This pres su re  pu l se  was recorded on a l l  channels  of t he  re- 
A t y p i c a l  t r a c e  is shown i n  Figure 

t h e  s i g n  of h e l i c o p t e r  impulsive noise was c a i l b r a t e d  a g a i n s t  
The f i r s t  downward pulse  is compression and represents t h e  p o s i t i v e  

The A-weighted SPL Were reduced by uslng a B&K audio frequency 
analyzer type 2107. 
a p e r i o d i c  averaging scheme with t h e  Dynamic Analysis System (DAS). The 
DAS is a DEC PDP 1 1 / 4 5  mini-computer based data system with two RK-05 
d i s c  dr ives .  For d e t a i l  desc r ip t ions  of t h e  DAS, see Reference 16. The 
a c o u s t i c a l  da t a  were d i g i t i z e d  a t  a sample rate of 5120 per  sec.  Trig- 
ger ing  with t h e  l / r e v  pu l ses  which were generated once per r o t o r  revolu- 
t i o n  when t h e  red blade was a t  downstream d i r e c t i o n ,  records  of 0.2 sec 
(1024 samples) were taken-  The an t i - a l i a s ing  f i l t e r s  (low-pass) were 
set a t  2 K Hz. After  averaging 50 records  i n  a synchronized fash ion ,  
t he  nonperiodic noise  was s i g n i f i c a n t l y  reduced. A d i s c r e t e  f o u r i e r  
transform was then appl ied  t o  ob ta in  the  amplitude and phase r e l a t l o n -  
sh ip  of each frequency component. Af te r  zeroing out  t h e  frequency com- 
ponents below 25 Hz and applying inve r se  f o o r i e r  transform, t h e  averaged, 
25 Hz high-passed, phase d i s t o r t i o n - f r e e  a c o u s t i c a l  waveforms were ob- 
tained. Thse waveforms a r e  very use fu l  i n  t h e  study of h e l i c o p t e r  im- 
pu ls ive  noise. 
f i l t e r i n g ,  but s e r i o u s  d i s t o r t i o n  of t h e  waveform was found. 
of analog f i l t e r i n g  was t he re fo re  not used in da ta  reduction. 

The a c o u s t i c a l  waveforms were reduced by applying 

A Kronhlte analog f i l t e r  was tried f o r  t h e  high-pass 
The method 
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3. R e s u l t s  and Discussions 

The da ta  are presented both i n  dbA and time-domain waveforms. The 
t i p  shape e f f e c t s  on the  noise r a d i a t i o n  at var ious  opera t ion  condi t ions  
were examined. Since t h e  mise mechanisms are d i f f e r e n t  i n  the  v a r i o u s  
t i p  Mach numher regions,  t h e  d a t a  were organized Into three-par ts ;  low 
speed (V/m = -2 ,  M1 ,, - . 6 )  medium speed (v/nll = .4, M1, - . 6 )  and higtr 
speed (V/QR - -375, Fl 1, 0 - - 6 5 ) .  

The background noise i n  t h e  test s e c t i o n  of t h e  40- by 80-Foot hind 
Tunnel is shown in Figure 5. These background noise  d a t a  are measured 
a t  two l o c a t i o n s  during t h e  present  test with r o t o r  hub turn ing  (no blade)  
and those measured i n  1974 with d i f f e r e n t  s t r u t s  i n s t a l l e d .  It can be 
seen t h a t  a l l  d a t a  c o l l a p s e  i n t o  a s t r a i g h t  l i n e  on a log-log scale. 
The A-weight SPL is propor t iona l  t o  t h e  5.6th power of wind tunnel velo- 
c i t y .  
noise. 

The dbA d a t a  i n  subsequent f i g u r e s  a r e  cor rec ted  f o r  t h e  background 

The background noise  is assumed t o  be unre la ted  t o  t h e  r o t c r  noise.  
The following r e l a t i o n s h i p  is r e s u l t e d :  

PT - PR + PB 

PT A(f) PR A(f)  + PB A(f) 

PR A(f) = PT A(f) - PB A(f) 

pR where P is t h e  mean square sound pressure  measured during t h e  test. 
and PB are t h e  mean square sound pressure  due t o  r o t o r  and background 
noise ,  respec t ive ly .  A(f) is t h e  weighting funct ion of dbA. 

T 

I n  terms of dbA, we have: 

pB A ( f )  (1- -) 
'ref pT 

pT db% = 10 log 

dbAB - db% 

dbAR - db% + 10 log (1- 10 lo 1 

The above r e l a t i o n s h i p  was used for  background noise  cor rec t ions .  
If t h e  r o t o r  noise  is not w e l l  above the  background noise ,  t h e  s c a t t e r i n g  
of measured data  w i l l  be amplif ied a f t e r  cor rec t ion .  Table 2 shows t h e  
c o r r e c t i o n s  f o r  d i f f e r e n t  s i g n a l  t o  noise  r a t i o s .  I f  t h e  d a t a  a r e  10 
dbA o r  more above the  background noise ,  no c o r r e c t i o n  is necessary,  o 
s c a t t e r  of 1 dbA w i l l  result i n  1.1 db s c a t t e r  i n  t h e  corrected da ta .  
However, i L  t h e  measured da ta  is 1 dbA a h v e  t h e  background noise ,  the 
s i g n a l  t o  noise  r a t i o  is r a t h e r  poor. A s c a t t e r  of 1 dbA w i l l  r e s u l t  
i n  about 3.5 dbA s c a t t e r i n g  a f t e r  cor rec t ion .  The low speed d a t a  pre- 
sented i n  t h i s  repor t  a r e  those a t  l e a s t  3 dbA s c a t t e r i n g  results i n  
1.8 dbA s c a t t e r i n g  in t h e  f i n a l  data .  The d a t a  of medium high speed 
a r e  those a t  l e a s t  2 dbA above background noise. 

- 6- 



The A n d  tunnel  a c o u s t i c a l  da ta  were also contaminated by r e f l e c t i o n s  
from t h e  hard walls of the  wind tunnel.  Without a s u i t a b l e  co r rec t ion ,  
the  dbA da ta  should not be considered t o  be  accurate .  Nevertheless ,  these  
da ta  are useful  f o r  t h e  comparison of d i f f e r e n t  t i p  shapes on the  rela- 
t i v e  bases. 

The acous t i ca l  waveforms are believed t o  be more s u i t a b l e  f o r  t he  
study of he l i cop te r  impulsive noise.  The Froblems of r e f l e c t i o n s  from 
tunnel hard su r faces  are more e a s i l y  handled i n  the time-domain wnve- 
form. Since the  r e f l e c t i o n  t r a v e l s  a longer path than t h e  inc ident  wave. 
The time l ag  of a r e f l e c t i o n  behind t h e  inc ident  is d i r e c t l y  r e l a t e d  t o  
the  path d i f fe rence .  If the  time l ag  is equal t o  o r  larger than t h e  
pulse  width of t h e  he l i cop te r  implusive noise ,  the amplitude and wave- 
form of t h e  inc ident  acous t i ca l  pu lse  w i l l  not be d i s t o r t e d .  I n  t h i s  
case,  no cor rec t ion  is required.  Fortunately,  t h i s  was t r u e  for a l l  
of t he  measurements used herein.  

-7- 



3.1 Low Speed 

Figure 6 shows the noise l e v e l  measured at Mic 3 as a func t ion  of 

%I&?r), and aTpp = o deg. The ilbA level of ti& swept t i p  b lades  
is lowest, a l though the d i f f e rence  is small, t y p i c a l l y  1 dbA o r  
less. Figures 7 and 8 show the noise level at a = 2.5 deg and 
-5 deg, r e spec t ive ly ,  S imi la r  t r ends  are observer%! The no i se  
t rend  is r e l a t i v e l y  i n s e n s i t i v e  t o  However, t h e  no i se  level 
inc reases  q u i t e  r ap id ly  a t  high C . 
is r e l a t i v e l y  c l o s e  t o  the  r o t o r  #&. 
t e r a c t i o n  of blade and r o t o r  wake may dominate t h e  noise  l eve l .  
This no ise  r a d i a t i o n  is i n s e n s i t i v e  t o  C 

k C % n d  r e s u l t  i n  t he  sharp increase  of noise l eve l .  A s  shown 
i n  Figures 6 and 7 t h e  no i s -  of t h e  swept-tapered t i p  blades does 

This 
I s  poss ib ly  due to  the  b e t t e r  s ta l l  and compress *.bilk!4';harac- 
t e r i s t i c s  of t h a t  blade t i p  shape. However, no such t rend  was 
observable a t  amp = -5O, where the  noise  l e v e l  was reduced f o r  a l l  
of t he  t i p  shapes. 

The r o t o r  was opera t ing  a t  V/m = .2, ?I 0 - .6 (80 knots,  

A t  low CLR,a, t he  r o t o r  wake 
The noise  due t o  the in- 

. A t  high values of 
blade s t a l l  and c o n p r e s s i b i l i t y  ek!&ts may become s i g n i f  i- 

not increase  as f a s t  as othe; t h ree  blades a t  high C 

Figures 0, 10 and 11 show noise l e v e l  measured at :lic 6. There is 
no d e f i n i t e  d i f f e rence  among the  four t i p  shapes a t  a = o deg and 
-2.5 deg. However, a t  app 5 -5deg, the swep t - t ape rep f ip  is about 
one to  two dbA q u i e t e r  t an t h e  swept o r  r ec t angu la r  biades.  

Forward speed has s i g n i f i c a n t  e f f e c t s  on the noise r ad ia t ion .  Fig- 
ure  1 2  shows the  noise  l e v e l  of swept-tapered t i p  a t  d i f f e r e n t  
forward speeds, measured a t  Mic 3. 

::: ?yihows the  da t a  measured a t  Mic 6. Simi lar  t r ends  were ob- 
served a t  both microphones. The noise level is s e n s i t i v e  t o  l i f t  
a t  low forward speed and relative independent of l i f t  a t  h i g  
forward speed. 

The r o t o r  operated a t  Y, = 0.6 
= -5 deg. The advance r a t i o  p ranges from 0.15 t c  3.e. Fig- 

Figures 14 and 15 show the  noise l e v e l  of four t i p  shapes as e 
function of advance r a t i o .  The t r ends  of the four  t i p s  are similar. 
The swept t i p  appears t o  have the lowest noise l e v e l  over t he  ad- 
vance r a t i o  range and swept-tapered t i p  second. 

Figures 16 and 17 show t h e  e f f e c t s  of t i p  path plane p i t c h  angle  
on the  noise l e v e l  measured a t  Mic 3 and 6 ,  r e spec t ive ly .  The da ta  
were obtained a t  V I R R  0 0.2, M1 
r o t o r  J i s c  was t i l t e d  forward, the separa t ion  &!/glade and r o t o r  
wake increased, i n  add i t ion  to  the change i n  r e l a t i v e  angle  between 
the  ro to r  d i s c  and the  microphone. Since the noise  is not very 
d i r e c t i o n a l  a t  these  opera t ion  condi t ions ,  d i r e c t i v i t y  is not be- 
lieved t o  be the  cause of : ' ic changes i n  noise shown i n  Figure 16 and 

,, = 0.; and C - ,09. As t he  
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17. As the rotor disc t i l t ed  forward, there is l e s s  interaction 
between the blades and the rotor wake, therefore a reduction i n  
noise level is expected. These four t i p  shrTes show similar trends 
with t i p  path plane t i l t .  

- 9- 



3.2 Medium Speed 

The noise data presented i n  t h i s  s ec t ion  were measured a t  nominal 
120 knots tunnel  speed and 291 R P M  r o t o r  speed. These condi t ions  
correspond t o  H1 = .6 and V/L!K = .4. I n  t h i s  speed region,  the  
ro to r  noise  has A mixture ot t h e  char? s r i s t i c s  of both low speed 
and high speed. 

Figure 38 shows t h e  dbA l e v e l  of t h e  f o m  t i p  shapes as a funct ion 
of l i f t  (a = 0 ) .  These curves show the typ ica l  low speed r o t o r  
no ise  c h a r z E f e r i s t i c s  as shown i n  t he  previous sec t ions .  
t i p  has  the  lowest dbA l eve l  among four  t i p s .  Figures  19 and 2u 
show t h e  results a t  a - -5 deg and -10 deg. The t rend  shown i n  
Figure 20 is similar K'that of high the speed cases  which w i l l  be 
des2ribed i n  t he  next s ec t ion .  As t he  t i p  path plane is t i l t e d  
forward the  r e l a t i v e  angle  between r o t o r  d i sc  and mic 3 decreases .  
I n  o the r  words. t h e  mic 3 is c lose r  t o  the ro to r  d i s c  Fiane. A t  
high speed the  impulsive noise  is dominate near .ie r o t o r  d i sc  plane. 
This inp lus ive  noise  is i n s e n s i t i v e  t o  l i f t .  Figures 21, 22 and 
23 are the  da t a  measured a t  Yic 6. They show s i m i l a r  t rends  as those 
measured a t  Yic. 3. 

The swept 
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3.3 Eieh Speed 

Figure6 24, 25 and 26 show the dbA level at Mic 3, when p p  * 0 b g e  
-5 de8 and -10 deg respectively, 9%e rotat ional  t i p  Mac d e r  
wasn = 0.65, a t  advance r a t i o  V/Q% = .375. 
ldach &der is 008%. The c?orspressiblJity and thickness e f f ec t s  
a re  probably the dominant factors  i n  the mise radiation. In 
contrast to the l o w  s p e d  case, the dbA level is basically inde- 
pepdent of l i f t .  Fuures 27, 28 and 2!l show the mise levels  
mmsured at Mic 60 Sislt lat  t r d s  to those noted above are ob- 
sented. The dbA lewel of the swept t i p  blade b lowest smog 
four t i p  shapes. In the case of low t i p  path plane pi tch (arnp 
= o deg and -5 deg), the swept-tapered t i p  radiates  about 0 . ~  
t o  1 dbA less than rectangular t i p  and t rapewidal  t ip.  

The advancing t i p  



3.4 Mach Nuanbar Efffrctr 

(I)  &A Level 

Th. t i p  Mach amber l a  one of t h e  m e t  important parameters on 
determining t h e  noire rad ia t ion .  Figures  30 and 31 rbwn t h e  dbA 
level 80 a func t ion  of advancing t i p  Mach d e r ,  a8 measured at 
#IC 3 and MIC 6, rerpectiv$ly.  
were lae.rured at  a 0 -5 , a nominal l i f t  of C 
other nominal c o n d n r o n r :  

The d a t a  ohom In  theme two f i g u r e s  - .07 and t h e  wa 

A t  lower 8dV8nCing t i p  Mach number t h e  w p t  t i p  meem to i n d i c a t e  
t h e  lowest dbA level. The o ther  t h r e e  t i p s  s h o w  l i t t l e  d i f f e r e n c e  
amoq them. A t  advancing t i p  ?tach number above 0.9, t h e  dbA l e v e l  
of *wept-tapered t i p 8  appears t o  be t h e  lawest. 

(I  I) Wavef o m  

The noise waveforms may be more usefu l  i n  t h e  study of t h e  high 
speed lapuls ive  noise  than t h e  in tegra ted  dbA readings.  Figures  32 
through 39 s h o w  &he Mic 3 a c o u s t i c a l  waveforms aieasured a t  V/QR - 
0.375, QTP - -5 , and C - 0.07 (nominal). The d e t a i l e d  rotor 
operat ionaf  condi t ions  ak$/!hsted i n  Table 4. 
high advancing t i p  Mach number a d i s t i n c t i v e  negat ive pulse  can be 
observed i n  t h e  waveform, occuring ance every blade passage. This 
waveform is r e l a t i v e l y  symmetric. As t h e  advancing t i p  Hach number 
i n c r e a ~ e s ,  t h e  waveform becomes u n s p n e t r i c .  Sawtooth pulse  shapes 
were observed a t lp lgh  Mach number. Similar  osaveforms were observed 
in  t h e  in- f l igh t  . 

A t  moderate and 

Figure 32(a) is t h e  raw J a t a  from t h e  t rapezoida l  t i p  blade n e i t h e r  
averaged nor f i l t e r e d .  Figure 32(b) is t h e  unaveraged d a t a  af ter  
removing a l l  energy below 25 Ht. The amin e f f e c t  of 25 H t  high pass  
f i l tering is to e l imina te  t h e  f lr - t  blade passage harmonic which is 
below 2 1  Hr. As can b e  seen, t h e  negat ive pulse  shape and ampli- 
tude does not have any observable changes. This is because t h e  
harmonic content below 25 Hz i n  t h i s  negat ive pulse  Is not s ign i -  
f i c a n t .  Figure 32(c)  shows t h e  e f f e c t s  of averaging. After RJer- 
aging SO time t h e  noise unrelated to  t h e  blade pn:;sege frequency 
is e s s r n t i a l l y  averaged out. The tunnel background noise  and r o t o r  
broadband nc ise  a r e  not harmonics of t h e  r o t o r  rotationcrl  frequency, 
and are t h c r c f o r e  reduced o r  eliminated. However, t h e  r e f l e c t e d  
noise from t h c  tunncl sur faces  cannot be averaged out ,  because they 
a r c  a l s o  per iodic .  The nearest  s u r f a c e  is t h e  f l o o r .  The d i f f e r e n c e  
of sound t r a v e l i n g  tima botween incidence and r e f l e c t i o n  is about 4 
m~ec. The r e f l e c t i o n s  from ocher Rurfaces will accur  even l a t e r .  
The negat ive pulse wldth is about 4 mecc. 
should not mask t h e  main negat ive  pulse.  

Therefore,  t h e  r c f l c r t i o n s  

-12- 



Helicopter h p u l s i v e  noise is r a t h e r  d i r e c t i o n a l ,  and the round 
to  be r e f l e c t e d  t r a v e l s  along d i f f e r e n t  pa ths  from that of Inc ident  
round. In t he  case of th ickness  noise, t h e  r e f l e c t i o n  s t a r t e d  
with a weaker amplitude in t h e  f i r s t  p l ace  because of Its d i r ec -  
t i v i t y ,  and is f u r t h e r  reduced due t o  r e f l e c t i o n .  These coablned 
f a c t s  6hould he lp  our a b i l i t y  i n  t h e  a n a l y s i s  of h e l i c p t e r  irpPul- 
sivo noise measured i n  a l a r g e  hard-wal l  wind tunnel.  
of f a c t ,  very l i t t l e  r e f l e c t i o n  off t he  tunnel f l o o r  can be ob- 
served on t he  a c o u s t i c a l  waveform t r aces .  Figure 33(d) drools t h e  
c d i n e d  r e s u l t 8  of r evo lu t ion  averaging and 25 k high pass 
f i l t e r i n g .  The amplitude of the negative pulse  can be r e a d i l y  
d l s t ingu i sh td .  Figure 33 and 36 are t h e  da t a  from t h e  t r a p e t o i -  
d.1 t i p  blades a t  Nl 
36 and 37 show t h e  aCoustica1 wmveforn from t h e  swept-tapered 
t i p  blades,  and Figure 38 and 39 how t h e  d a t a  of swept t i p  and 
r ec t aagu la t  t i p  blades, respec t ive ly .  

A s  a matter 

= .939 and .966, reapec t lve ly .  FiBurt 35, 

The acouat ic  waveforms shown In t h t s e  f i g u r e s  for d i f f e r e n t  t i p  
shapes can be used as d a t a  bases i n  the  eva lua t ion  of va r ious  
t h e o r e t i c a l  p red ic t ion  schemes f o r  t h e  s t rong  impulsive no i se  a t  
high speed. 

Figure 40 shows t h e  amplitude of t h e  negative a c o u s t i c a l  pu lses  
of four  t i p s  a t  d i f f e r e n t  advancing t i p  Yach numbers. The swept- 
tapered t i p  blade produces the lowest impulsive noise. A t  M1, yo = . 3  (nominal) t h e  h p u l s i v e  noise of swept-tapered t i p  blade is 
the  lowest among the  four t i p s .  However, t he  dbA r e s u l t s  of f i g u r e s  
30 and 31 shows the  noise l e v e l  of swept t i p  b lades  is t he  lowest 
among four t i p  shapes. It is felt  dbA probably is not always 
adequate for  judging t h e  impulsive noise of h e l i c o p t e r  r o t o r s .  

-13- 



Th. acourtic data 09 a 44-foot wtar  with four blado t i p  ehapar 
were maaaund in the NASA, kror Rerearch Cmtrr 40- by dO-$twt Wlnd 
Mwl.  
Iovd could ba obtain& without uptanriw correctionti. tkry.ver, the 
mlrtive chawer of dbA lcvnls  
a n  Banerally wefule i n  arrcclrrrlng the teated four blades, hut puy not 
aIwryr b adquato &em r t r o q  irrpulsiva wise occurs. 

Qua t o  backamund m i r e  and rovorberrtian tw absoluee JbA 

to the difference8 i n  t i p  rhrpm 

klou the dvrncinlp t i p  ?4ach nunber of  about 0.89, tha JbA data 
apwar to indicate that the r w p t  t i p  i s  tha quietart, wuoyt-tapered 
t i p  second. traporsidul  t ip  third, and m c t a n ~ u l r r  t ip  tho most noisy .  

The pulse rhapa l a  symecrib* at awdarata t i p  %ch nua\hor, hut 
changer t o  sawtooth ahapo* at vary high %ch ntmber. Ahwa the advan- 
ciw t i p  Mach number ot ahout 0.89 and basad on the  m p l i t u d a s  o f  h- 
pulrrive notaa8 the data ind ica te  wapt-tapered t ip  is the quietort , 
trapvrotdnl t i p  sor'ond, wept t i p  third, and ractnngular t i p  l o d o r t .  
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data 
(dbA) 
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Table 2 - Bachround Noise Correction 

Bac r ound 
Noise 
(dbA) 

100 
100 

100 
100 

100 

100 
100 

100 
100 

100 

Difference 
(dbA) 

10 
9 

8 
7 
6 

5 
4 

3 

2 
1 

Corrected rotor 
noise 
(dbA) 

109.5 

108 . 4 

107.3 

106.0 

104.7 

103.3 
101.8 

100.0 
97 .7  

94.1 
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0 15 

0 2  

25 

. 3  
8 375 

.4 

b 37s 

,375 

.375 

5 ,  0 

.55  

.6 

.cc 

.6 

,b 

.6 

+ b  

. b5 

. 68 

. z  
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Table 4 - Rotor Conditions in Figures 
30 through 40 - 

Run. Point 

Trapzw i da 1 38.6 

R a p e  zoida 1 58.5 

Trapezoida 1 58.20 

Swept-tapered 21.26 

Swept-tapered 55.31 

Swept-tapered 56.4 

Swept 49.45 

Rectangular 46.5 

vl, 90 "- PO cS 

(m/sec) (m/sec) (kg /m3)  (m/sec) 

223.1 83.69 1.153 342.2 

234.1 87.45 1.148 342.6 

242.0 90.79 1.130 344.7 

225.6 84.62 1.120 345.9 

233.5 87.96 1.139 342.;: 

239.6 90.33 1.147 341.3 

225.2 84.57 1.130 345.5 

223.1 83.69 1.151 341.7 

.0687 

.0696 

.0658 

.0766 

.07 31  

.0107 

.0704 

.0703 
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Figure 40 - T',e ampl i tude  of rotor  impulsive noise 


