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SUMMARY 

Available propulsion-system noise data have been applied t o  the  
I n  pa r t i cu la r ,  problems of design and operation of V/STOL a i r c r a f t .  

considerations have been given t o  minimizing adverse community react ion 
f o r  operations between a i rpo r t s  and t o  minimizing detect ion due t o  noise 
f o r  spec ia l  missions. 

For minimizing adverse community reaction, configurations incorpo- 
r a t ing  low-blade-loading rotors ,  low-tip-speed propellers,  o r  turbofan- 
type engines a re  judged t o  be most sat isfactory.  For minimizing detec- 
t ion ,  consideration must be given t o  minimizing the noise of the  gen- 
e ra t ing  airplane, having maximum background noise i n  the  v i c i n i t y  of 
the  observer, and operating the  a i rc raf t  a t  minimum a l t i t u d e .  

INTRODUCTION 

References 1 and 2 a re  examples of the  many papers which have dea l t  
with proposed configurations and operating prac t ices  of V/STOL a i r c r a f t .  
Based on avai lable  experience f o r  other types of a i r c r a f t ,  it i s  believed 
that the  noise problems of V/STOL aircraf t  w i l l  be closely re la ted  t o  
t h e i r  design as wel l  as t o  the  manner i n  which the  a i r c r a f t  a r e  operated. 
I n  the  present paper, discussions a re  included on the noise character-  
i s t i c s  of the  various propulsion systems and a i r c r a f t  configurations of 
i n t e r e s t  f o r  V/STOL missions. 
a f f ec t ing  the  noise generated by t h i s  type of vehicle a re  f irst  d i s -  
cussed from the standpoint of minimizing adverse community react ion and 
then b r i e f  a t t en t ion  i s  given t o  the  problem of avoiding detect ion f o r  
spec ia l  missions. 

Design variables and operating conditions 
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RESULTS AND DISCUSSION 
. 

Effect  of Design Variables and Operating Conditions 

Assessment of community reaction.- For t he  purposes of assessing 
community reaction, the  calculated quantity perceived noise l e v e l  ( i n  
PNdb) rather  than sound pressure l e v e l  i s  used as a bas i s  f o r  comparison. 
(See re f .  3 . )  
f igure 1. Shown i n  the  f igure  are sound pressure leve ls  i n  various f r e -  
quency bands f o r  propel ler  and turboje t  noise spectra  having equal over- 
a l l  sound pressure leve ls  of 100 decibels.  It can be seen t h a t  t he  
frequency content d i f f e r s ,  t he  grea te r  high-frequency content being 
associated with the  turboje t  spectrum. I n  the  perceived-noise-level 
calculation procedure, the higher frequencies a re  weighted more than 
the  lower frequencies. For the  examples shown i n  f igure  1, t h i s  r e s u l t s  
i n  a value of 113 PNdb f o r  t he  turboje t  spectrum as compared with a 
value of lo7 PNdb f o r  the  propel ler  spectrum. I n  order t o  a t t ach  some 
significance t o  the difference i n  the  perceived noise l eve l s  of the  
two spectra, a 6-PNdb difference corresponds roughly t o  a f ac to r  of 2 
i n  distance, a t  least f o r  distances s ign i f icant  f o r  landing and climbout 
operations. For instance, i n  the  example c i t ed  the  turboje t  a i r c r a f t  
would need t o  be about twice as f a r  from an observer t o  be judged equally 
noisy. 
reaction has been ver i f ied,  pa r t i cu la r ly  f o r  spectra  such as those f o r  
propeller and turboje t  a i r c r a f t .  
t h i s  paper, the  PNdb concept i s  a l so  applied t o  hel icopter  noise spectra  
f o r  which very l i t t l e  experience i s  avai lable .  

The use of t h i s  concept can be discussed with the  a i d  of 

. 

The use of the PNdb concept with regard t o  a i r p o r t  community 

(See ref. 3 .  ) For the  purposes of 

Propulsion-system noise generation.- Because of t h e i r  configurations 
and the speed ranges i n  which they are operated, the  main sources of 
noise of V/STOL a i r c r a f t  are the  propulsion systems. 
of the  ty-pes of V/STOL configurations considered and the  r e l a t i v e  noise- 
producing cha rac t e r i s t i c s  of each, f igure  2 has been prepared. I n  t h i s  
f igure  i s  presented a bar-graph comparison of the  perceived noise l eve l s  
of four ty-pes of possible V/STOL configurations; namely, the  pure he l i -  
copter, two jet-engine l i f t i n g  ty-pes ( turboje t  and turbofan) ,  and the  
t i l t -wing turboprop. 
capable of carrying a 9,500-pound payload. The da ta  are estimated f o r  
an observer s t a t i o n  on the ground with the  vehicles  i n  f u l l  t r a n s i t i o n  
i n  a 10' climbout condition a t  a dis tance of 500 feet .  
of 500 f e e t  w a s  chosen f o r  convenience; however, it i s  believed t h a t  
the  conclusion would not be markedly d i f f e ren t  f o r  other  dis tances  s ig-  
nif icant  f o r  climbout operations. It can be seen from the  extent of 
the  bar graphs i n  the  f igure  that there  i s  a wide range of perceived- 
noise-level values depending upon the  V/STOL configuration considered. 
There i s  a l s o  a range of noise l eve l s  f o r  each configuration and the  8 

A s  an indicat ion 

It i s  assumed that each of these vehicles  i s  

This dis tance 

* 
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values depend on the  range of performance var iables .  The e f f ec t s  of 
these var iables  (blade loading, jet-exhaust velocity,  propel ler- t ip  
Mach number, e t c . )  on the  perceived noise  leve ls  are shown i n  f igures  3, 
4, and 5 f o r  the  same operating conditions of f igure  2 and are d is -  
cussed i n  some de ta i l  ir, the  following sections.  

Helicopter rotors :  It i s  generally real ized that f o r  conventional 
hel icopters  the  exhaust noise of the reciprocating engines i s  one of the  
main noise sources. However, it i s  believed that  i n  a properly designed 
turbine-powered helicopter,  the  engine noise can be reduced t o  the point 
where it can be assumed t h a t  the  main source of noise i s  due t o  the 
shedding of vor t ices  from the  rotor .  
indicate  the  nature of t h i s  rotor-noise problem and the  var iables  that 
are s igni f icant  i n  noise generation. Perceived noise leve ls  a re  p lo t ted  
as a function of blade loading f o r  a range of ro tor - t ip  speeds. It can 
be seen t h a t  the  perceived noise levels decrease w i t h  decreasing t i p  
speed and w i t h  decreased blade loading. The shaded region indicates  
combinations of ro tor - t ip  speeds and blade loadings t h a t  a r e  of current 
p r a c t i c a l  i n t e re s t .  For such designs a s izable  reduction i n  t i p  speed 
might not be feas ib le  because of the proximity t o  s ta l l .  A more prom- 
i s ing  approach t o  reducing the noise would be t o  decrease the blade 
loading by the  use of addi t ional  rotor so l id i ty .  

(See ref. 4. ) The data  of f igure  3 

Measurements have indicated that hel icopter  ro tor  noise f luc tua tes  
i n  amplitude at  a r a t e  corresponding t o  the  blade passage frequency. 
(See ref.  4 . )  In  the appl icat ion of t he  PNdb concept t o  hel icopter  
ro to r  noise, no attempt has been made t o  account f o r  t h i s  phenomenon. 
It i s  thus believed t h a t  the  PNdb values f o r  the  hel icopter  of f igures  2 
and 3 may be lower than they would be if th is  amplitude modulation e f f ec t  
were properly accounted fo r .  

Je t  engines: I n  the  case of the jet-powered V/STOL a i r c r a f t ,  the  
noise i s  due t o  the  mixing of the j e t  exhaust with the ambient a i r  and 
t h e  nature of t h i s  problem i s  i l l u s t r a t ed  i n  f igure  4. 
see refs. 5 ,  6, and 7.)  
c a l  sca le  as a function of t he  average jet-exhaust veloci ty .  
included f o r  a range of ve loc i t ies  s ignif icant  f o r  conventional tu rboje t  
engine operation (nonafterburning), tu rboje t s  with afterburning, and the  
turbofan engine. It can be seen from the curve that  j e t  veloci ty  has a 
very strong influence on jet-exhaust noise production and accounts f o r  
a wide range of noise leve ls .  Also ,  it can be seen t h a t  the higher 
noise leve ls  are associated with the high jet-exhaust ve loc i t i e s  of the  
turboje t  engines with and without afterburning. 

(For example, 
Perceived noise leve ls  are shown on the ve r t i -  

Data are  

The portion of the curve corresponding t o  the turboje t s  without 
afterburning has been f a i r l y  wei i  established, 5izaed oii p re se~ t ,=d~~y  
operating experience. The use of suppressors of the  type now available 
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r e s u l t s  i n  noise reduction of the  order of 4 PNdb. 
8, and 9 . )  The present trend, however, i s  toward the  turbofan engine 
with i t s  large po ten t i a l  noise reduction due t o  i t s  inherent low je t -  
exhaust velocity.  
version of the turbofan engine ind ica tes  t h a t  t he  PNdb values a re  gen- 
e r a l l y  higher than those presented i n  f igure  4. 
l eve l s  are believed t o  be due t o  the  combined e f f e c t s  of fan noise and 
incomplete mixing of the primary and secondary air. 
Recent advances have been made toward improving the  noise character-  
i s t i c s  of these engines ( r e f .  7), and it i s  believed t h a t  t he  noise 
l eve l s  will f i n a l l y  approach those represented by the  turbofan curve 
shown i n  f igure  4. 

(See r e f s .  3 ,  7, 

(See r e f s .  6 and 7 . )  Experience with the  e a r l i e r  

These higher noise 

(See r e f .  6. ) 

Propellers: In  the case of turbopropeller a i r c r a f t ,  pa r t i cu la r ly  
f o r  t he  case where compressor and accessory noises a re  minimized, the  
main noise source i s  the propel ler .  The nature of the  propeller-noise 
problem i s  i l l u s t r a t e d  i n  f igure  5 .  Perceived noise l eve l s  a r e  p lo t t ed  
as a function of propel ler- t ip  Mach number M t  f o r  various numbers of 
blades.  The curves have been estimated assuming four propel lers  of 
17-foot diameter absorbing a t o t a l  of 8,500 horsepower. 
It i s  seen t h a t  noise may be reduced by e i t h e r  reducing the  propeller-  
t i p  Mach number o r  by increasing the  number of blades, o r  both. 
of t he  proposed high-powered vehicles  incorporate four-blade propel lers ,  
and it i s  f e l t  t h a t  an increase i n  the  number of blades would r e s u l t  i n  
r e l a t ive ly  small noise reductions i n  addi t ion t o  lending added complex- 
i t y .  
propeller- t ip  Mach number. 

(See r e f .  10. ) 

Most 

Noise reduction might be more p rac t i ca l ly  achieved by reducing 

It should be rea l ized  t h a t  subs tan t ia l  noise reductions f o r  any of 
the  propulsion systems discussed a re  usual ly  accompanied by performance 
penal t ies  and these would have t o  be evaluated f o r  any pa r t i cu la r  con- 
f igurat ion under consideration. 

Ground noise pat terns . -  I n  order t o  discuss  some of the  operat ional  
pract ices  t h a t  a r e  usefu l  i n  control l ing the  noise pa t te rns  on the  ground, 
a t i l t-wing V/STOL airplane incorporating a turbopropeller propulsion 
system and capable of carrying a 9,500-pound payload w i l l  be used as an 
example in  f igures  6, 7, and 8. Such an a i r c r a f t  as t h i s  would have 
the  capabi l i ty  f o r  a wide var ie ty  of take-off prof i les ,  two of which 
are i l l u s t r a t e d  f o r  comparison i n  f igure  6. A s  i l l u s t r a t e d ,  t he  p i l o t  
would have the option of t h r o t t l i n g  back i n  power and t i p  speed and 
s t i l l  be able t o  climb at a 10' geometric angle o r  of maintaining f u l l  
take-off power and climbing a t  a 20' geometric angle. 
out condition, the  airplane would not be i n  f u l l  t r a n s i t i o n  t o  the for -  
ward f l i g h t  configuration i n  order that the  f l o o r  angle i n  the  cabin 
could be maintained a t  an acceptable value f o r  the passengers. 

I n  the  20' climb- 
* 
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The 105-PNdb ground noise contour pa t te rns  f o r  take-off have been 
calculated f o r  the  two cases i l l u s t r a t e d  i n  f igure  6, and these r e s u l t s  
are p lo t ted  i n  f igure  7 along with comparable data  f o r  a conventional 
propeller-driven t ransport  airplane having a gross weight of about 
130,009 pomCs. (See r e f .  3 . )  The 105-PNdb contour w a s  a r b i t r a r i l y  
chosen as a bas i s  f o r  comparison and may not necessar i ly  be an accept- 
able l e v e l  i n  a l l  communities near a i rpor t s  f o r  t h i s  type of operation 
on a round-the-clock basis .  Regardiess of the PNdb l e v e l  chesen t o  be 
acceptable, it i s  f e l t  t h a t  the  conclusion would not be s ign i f i can t ly  
changed. It can be seen that the  reference contour l i n e  f o r  the  con- 
vent ional  a i rplane extends out l a t e r a i i y  from the  flight track zpprcxi- 
m a t e l y  1,600 f e e t  i n  each direct ion and extends about 12,000 f e e t  from 
the  point of l i f t - o f f .  The contours f o r  the  V/STOL a i r c r a f t  extend out 
t o  about the  same dis tance l a t e r a l l y  but both are foreshortened con- 
s iderably i n  the  longi tudinal  direct ion.  It can a l s o  be seen t h a t  the  
extent  of the  ground pa t t e rn  f o r  the V/STOL a i r c r a f t  i s  minimized when 
the climbout i s  made at the  lower angle. This la t ter  r e s u l t  arises 
because of t he  lower horsepower required and because of t h e  addi t iona l  
bene f i c i a l  e f f e c t s  of a reduction i n  t i p  Mach number from 0.76 t o  0.61. 

Similar data  a re  p lo t ted  i n  figure 8 f o r  the  landing approach con- 
f igura t ion  of the  V/STOL a i r c r a f t  a t  a 6' geometric angle. 
shown f o r  a given power r a t ing  but f o r  two d i f f e ren t  propel le r - t ip  Mach 
numbers 
(ref.  3 )  f o r  a conventional present-day propel ler  t ranspor t  a i r c r a f t .  
It can be seen t h a t  a t  t he  higher t i p  Mach number the  ground contour 
extends f a r t h e r  laterally and longitudinally than the  corresponding 
ground contour f o r  the  conventional a i r c r a f t .  A t  t he  lower propeller-  
t i p  Mach number, however, the  resul t ing ground contour encompasses l e s s  
a rea  than t h a t  f o r  the  conventional a i rplane and extends a shorter  lon- 
g i tud ina l  distance.  

Data are 

q, and the  r e s u l t s  are again compared with avai lable  da ta  

Based on a knowledge of t h e  basic noise cha rac t e r i s t i c s  of t he  
various V/STOL a i r c r a f t  of f igure  2 and the  manner i n  which they would 
be operated ( r e f .  2 ) ,  some ground noise contours have been calculated 
f o r  both the  landing and take-off conditions. The r e s u l t s  f o r  these 
calculat ions f o r  the  105-PNdb ground noise contours are presented i n  
t a b l e  I. I n  these calculations,  a 6' approach angle and a 10' climbout 
angle were assumed. The sketch at the  top of t ab le  I includes a runway 
and it has been assumed t h a t  landing and take-off a r e  accomplished i n  
the  same di rec t ion .  The dimension 2 i s  the t o t a l  longi tudinal  d i s -  
tance covered by the  105-PNdb contours and the dimension w i s  the  
maximum lateral  extent .  The distances 1 and w are given i n  the  
t a b l e  f o r  the  various V/STOL configurations considered. It w i l l  be 
noted from the  r e s u l t s  of reference 2 t h a t  f o r  the  approach angles con- 
s idered f o r  the  V/STOL configuration the associated approach speeds zze 
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considerably lower than those f o r  present-day propel ler  and j e t  t rans-  
port  a i r c r a f t .  
t o  the perceived noise levels f o r  a given operating condition f o r  each 
halving of t he  approach speed i n  an attempt t o  account f o r  the  associ-  
a ted longer duration of noise exposure. Also included i n  t ab le  I are 
the  distances associated with the  operation of a conventional propel ler  
airplane of reference 3 .  These dis tances  are considered t o  be repre- 
sentative of current experience. 

I n  the  calculat ions f o r  t ab le  I, 3 PNdb have been added 

It can be seen f r o m t a b l e  I t h a t  the  smaller dis tances  are asso- 
c ia ted with the V/STOL turboprop and hel icopter  and t h a t  the  l a rge r  
distances a re  associated with the jet-powered vehicles.  -The da ta  a l s o  
indicate t h a t  the noise pa t te rns  associated with V/STOL a i r c r a f t  do 
not exceed i n  extent those of a conventional present-day propel ler  t rans-  
por t  a i r c r a f t .  This r e s u l t  suggests t h a t  from a noise standpoint, V/STOL 
a i r c r a f t  could probably operate s a t i s f a c t o r i l y  i n t o  and out of conven- 0 

t i o n a l  a i rpor t s .  I f ,  however, operations are proposed f o r  smaller area 
short-haul terminals, then the ground dis tances  involved may cons t i tu te  
a serious problem i n  land acquis i t ion.  

It should be noted t h a t  i n  the  case of operation of V/STOL a i r c r a f t  
which are sens i t ive  t o  wind d i r ec t ion  so t h a t  take-off and landing oper- 
a t ions  may have t o  be accomplished i n  many direct ions,  the  term w may 
not be s ign i f icant  and the  term 2 would apply i n  a l l  d i rec t ions .  An 
addi t ional  problem, not discussed i n  t h i s  paper but which may be of con- 
cern i n  the  operation of V/STOL a i r c r a f t ,  i s  t h e  generally higher noise 
l eve l s  ant ic ipated within the  terminal areas.  

Detection of Aircraf t  by Means of Noise 

The detect ion of a i r c r a f t  by means of noise i s  of pa r t i cu la r  
concern f o r  vehicles  such as V/STOL a i r c r a f t  which might be used i n  
spec ia l  t a c t i c a l  missions. Recently, some s tudies  have been made t o  
determine how far a propel ler  a i rplane could be detected by hearing. 
(See re f .  11. ) Based on t h i s  experience some estimates have been made 
of the  detection dis tances  of a four-engine V/STOL turbopropeller air-  
c r a f t  of 6,000 horsepower and having a propel le r - t ip  Mach number of 0.53. 
The basic concepts involved are i l l u s t r a t e d  i n  f igure  9. The noise 
leve ls  i n  the  various frequency bands are shown f o r  the  a i rp lane  at  
various distances and a l s o  f o r  two assumed background noise spectra  a t  
an observer s t a t ion  - one associated with the  noise of a r e s i d e n t i a l  
area of a c i t y  and the  other  ( the  lower curve) w i t h  t h a t  of a quiet  
countryside (ref.  11). The da ta  f o r  t he  top  dashed curve were es t i -  
mated for  t he  a i r c r a f t  at  a dis tance of WO f e e t .  The da ta  f o r  t he  
a i r c ra f t  a t  the  other dis tances  were calculated based on the  values 
f o r  500 f e e t  and by including atmospheric propagation losses  ( r e f .  12 ) .  
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It can be seen t h a t  the  atmospheric losses at tenuate  the  high-frequency 
p a r t s  of t h e  spectra at a more rapid rate than the low-frequency par t s .  

For the  purposes of t h i s  discussion it i s  assumed t h a t  detect ion 
i s  poss:ble when any portion of the airplane noise spectrum l ies  above 
the  background noise spectrum. For the conditions of a background noise 
corresponding t o  a r e s iden t i a l  c i t y  area, t h i s  detection distance i s  
approximately 30,000 feet, and it appears t ha t  the frequency band of 
300 t o  600 cps i s  most s ignif icant  i n  t h i s  par t icu lar  case. 
spec ia l  cases where the noise has d is t inc t ive  charac te r i s t ics ,  detect ion 
may be possible a t  greater  distances.  
detect ion distance i s  a function of the three main variables;  namely, 
t he  background noise conditions a t  the observer s ta t ion,  the  noise char- 
a c t e r i s t i c s  of the  airplane,  and the  noise propagation phenomena involved. 
The manner i n  which detection distance i s  affected by each of these var- 
iables, zero wind being assumed, i s  shown i n  f igures  10 and 11. 

For some 

It shouia be noted t n a t  t'nis 

A s  previously noted, the  atmospheric propagation losses  a re  a sig- 
n i f i can t  pa r t  of the detection problem. There a re  a l so  s igni f icant  
e f f e c t s  of t e r r a in ,  and these e f fec ts  a re  i l l u s t r a t e d  i n  f igure  10. 
Shown i n  the  f igure  a re  combinations of a l t i t ude  and horizontal  dis- 
tance f o r  which detection i s  possible, that  is, areas  within the  curved 
boundaries. 
from the observer t o  the airplane i s  7O or  greater ,  atmospheric e f f ec t s  
are s igni f icant  and t h i s  determines the shape of the  boundary curve, i n  
t h i s  case above an a l t i t u d e  of about 3,000 feet. A t  lower e levat ion 
angles, t e r r a i n  e f f ec t s  become signif icant  and they determine the  shape 
of the lower portion of the boundary curve (ref.  11). The dashed-line 
boundary corresponds t o  conditions of open t e r r a in ,  whereas the  sol id-  
l i n e  boundary corresponds t o  conditions of heavily wooded t e r r a in .  
shaded region between these curves i s  thus an indicat ion of the  order 
of magnitude of the  e f f e c t s  of the type of t e r r a in .  
t e r r a in ,  therefore,  are such that they grea t ly  reduce the  distances over 
which detect ion i s  possible f o r  low elevation angles. 

It has been found t h a t  when the elevation angle measured 

The 

The e f f e c t s  of 

The manner i n  which the  background noise l e v e l  and engine operating 
conditions may a f f ec t  the  detection distances i s  indicated i n  f igure  11. 
Boundary curves a re  shown f o r  areas where detect ion i s  possible f o r  the 
case i n  which the  condition of heavily wooded t e r r a i n  i s  assumed. The 
lower boundary curve indicates  the  detection distances f o r  the  a i r c r a f t  
a t  the  high-speed cruise  condition for  a background noise corresponding 
t o  a r e s iden t i a l  area of a c i ty .  For the  same background noise level ,  
reducing the power and propeller-t ip Mach number r e s u l t s  i n  the middle 
boundary curve. It can be seen tha t  t h i s  low-speed cruise condition 
generally r e s u l t s  i n  large reductions i n  the detection distances a t  a 
given a l t i t ude .  Assuming t'nis low-speed ci-iiiise condition m6 zc iccrease 
i n  the  background noise l eve l  of about 10 db t o  a l e v e l  representing c i t y  



8 

t r a f f i c  leads t o  fu r the r  reductions i n  the detect ion distances,  as indi-  
cated by the boundary curve a t  the l e f t .  

"he manner of operation of the  a i r c r a f t  and the background noise 
conditions a t  the  observer s t a t i o n  a re  seen t o  have r a the r  large e f f e c t s  
on the detect ion distances f o r  the  intermediate range of a i rplane a l t i -  
tudes. However, if  the  airplane i s  operated at minimum a l t i t ude ,  t he  
range of detect ion distances i s  seen t o  be r e l a t i v e l y  small f o r  the wide 
range of operating conditions and background leve ls  assumed. 

It should be noted t h a t  the ac tua l  detect ion distance i n  the  pres- 
ence of wind w i l l  be e i t h e r  l e s s  than or  grea te r  than those indicated 
i n  f igure 11, depending on whether t he  observer i s  upwind or downwind, 
respectively, of the generating a i r c r a f t .  (See r e f .  11.) 

w 

CONCLUDING REMARKS 

. 
Operating procedures and design concepts i n  the i n t e r e s t  of noise 

reduction f o r  several  V/STOL a i r c r a f t  have been discussed from the  stand- 
point of minimizing adverse community reac t ion  f o r  operations between 
a i rpor t s  and avoiding detection f o r  spec ia l  missions. For minimizing 
adverse community reaction, configurations incorporating low-blade-loading 
rotors,  low-tip-speed propellers,  o r  turbofan-type engines a re  judged t o  
be most sa t i s fac tory .  For minimizing detection, consideration must be 
given t o  minimizing the noise of the  generating airplane,  having maximum 
background noise i n  the  v i c i n i t y  of the  observer, and operating the  air- 
c r a f t  a t  minimum a l t i t ude .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va., November 18, 1960. 
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TABLE I 

EXTENT OF GROUND CONTOURS 

I CONFIGURATION 

HELl COPTER 

TURBOPROP 

TURBOFAN 

TURBOJET 

CONVENTIONAL PROP 

I ,  MILES 

1.2 

1.5 

3.0 

4.0 

4.5 

w, MILES 

0.3 

.6 

.8 

1.0 

.7 
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COMPARISON OF PERCEIVED NOISE LEVELS FOR 
TWO SPECTRA HAVING EQUAL OVERALL SPL 

r P R O P E L L E R ,  107 PNdb 

I I I I I I I 
0 20 - 75 - 150 - 300 - 600 - 1,200 -2,400 - 4.800 - 

75 150 300 600 1,200 2,400 4,800 10,000 
FREQUENCY BANDS, cps 

Figure 1 

RANGE OF NOISE LEVELS OF V/STOL CONFIGURATIONS 
PAYLOAD = 9.500 LB 

’7 FTr 0 BSERVER 

HELICOPTER w///, 
TU R BOJ ET WHHHHHB 

TURBOFAN WR/”flrn 
TURBOPROP WHflHHHA 

I I I I I 
90 100 110 120 130 

PNdb 

Figure 2 
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NOISE CHARACTERISTICS OF HELICOPTER ROTORS 

105 - 

- 
PNdb 

95 - 

- 

=OBSERVER 
/ 

ROTOR-Ti P SPEED, 

1 I I I 
0 50 100 150 

BLADE LOADING, LBlSQ FT 

Figure 3 

EXHAUST NOISE FROM JET ENGINES 

50? FT 7 OBSERVER 
.c/ 

140 r- 

TURBOJET 
AFTER BURN I NG 

TURBOJET 
AFTER BURN1 NG PNdb 120 

110 

I I I I 

1, 1,500 2,OOO 3,000 4,000 
JET-EXHAUST VELOCITY, FTlSEC 

Figure 4 



TURBOPROP NOISE LEVELS 
8,500 HP; PROP DIAM., 17 FT: 4 PROPELLERS 

-?-- 
so? FT 0 BSERVER L 

110 

PNdb 

80 
L I  I I I I I I 

0 .5 .6 .7 .8 
PROPELLER-TIP MACH NUMBER, Mt 

Figure 5 

TURBOPROP V/STOL AIRCRAFT TAKE-OFF PROFILES 

6,000 HP 7 

Figure 6 
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GROUND NOISE CONTOURS FOR TAKE -OFF 

105 PNdb 

10' CLIMB, 8,500 HP )V/STOL 
CLIMB, 17,000 HP 

LATERAL ---,\ 
DISTANCE, 0 

2,000t I I I I I 

J 
0 2,000 4,000 6,000 8,000 10,000 12,000 

DISTANCE ALONG GROUND TRACK FROM LIFT-OFF, FT 

Figure 7 

GROUND NOISE CONTOURS FOR LANDING 

105 PNdb 

CONVENT1 ONAL 
4'000 HP' Mt = o.8) PROP, 3' DESCENT 

c 

0 1,000 2,000 3,000 4,000 5,000 6,000 
DISTANCE ALONG GROUND TRACK FROM TOUCHDOWN, FT 

Figure 8 



NATURE OF DETECTION PROBLEM FOR 
V/STOL TURBOPROP AIRPLANE 

loor DISTANCE. FT 

\ 
\ 
\ 

BACKGROUND NOISE: 
CITY RESIDENTIAL 

U IET COUNTRY S I DE t SOUND 60 
PRESSURE 
LEVEL, db 

40 

20 ~~ 

L I  I I I I I I I 
0 20- 75- 150- 300- 600- 1200- 2400- 4800- 

75 150 300 600 1200 2400 4800 10,000 
FREQUENCY BANDS, CPS 

DETECTION DISTANCE FOR V/STOL TURBOPROP AIRPLANE 
EFFECT OF TERRAIN 

OBSERVER 

30,000 D I STANCE 

10, OOO 

ALTITUDE, FT 
1,000 TERRAIN: 

HEAVILY WOODED 
300 OPEN 7 

NO DETECTION 
100 t I I I I 

b I 
0 10,ooO 20,000 30,000 40,000 50,000 

HORIZONTAL DISTANCE, FT 

Figure 10 
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DETECTION DISTANCE FOR V/STOL TURBOPROP AIRPLANE 
EFFECTS OF BACKGROUND NO1 SE AND ENGINE OPERATING CONDITIONS 

6,000 HP; Mt = 0.53: 
BACKGROUND NO1 SE, 

CITY TRAFFIC 

t;' 

Q 
t-l 
4= w 

6,000 HP; Mt = 0.53 

BACKGROUND NO1 SE, 
CITY RESIDENTIAL 8,500 HP; 

300 

100 

Mt = 0.61 

0 10,OOO 20,000 30,000 40,000 50,000 
HOR I ZONTAL D I  STANCE, FT 

Figure 11 
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