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EBF N O I S E  REDUCTION THROUGH N O Z Z U / F L A P  P O S I T I O N I N G *  
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SUMMARY 

Iie:;ults a r e  presented of an experimental m d  ,maTgtif:G study of , , A ~  ae- 
pendence of  External ly  Blown Flap (EBF) rioise on the r c l s t i v e  pcs i t i on  and 
sh.?-pe o f  engine exhaust nozzle. Tests ,  conducted en a 1 / 1 5  sca le  model of  a 
trip'e-slotted EBF system, indicate that a significant reduction (of up to 10 

I to 15 dB f o r  no forward speed case and of slp t o  5 t o  10 dS f o r  forward speed 
/ casc)  is  possible  i n  t h e  low frequency (around 63 HZ) region of  t h e  noise spec- 
/ trm of  the  f u l l  s c a l e  device f o r  small nozzle/f lap s e p a r a t i ~ l  d i s t a i ce s .  The 
1 qvera l l  acoust ic  perfo-mance, measured i n  PNdB, does not exhib i t  s ign i f i can t  

reductions. The ar,alysis of t h e  EBF noise i s  ca r r i ed  out f o r  two l imi t ing  
cases: (1 )  a turbulent  j e t  being turned by a r i g i d  corner,  and (2 )  an i so l a t ed  
a i r f o i l  i n  a f r e e  j e t .  The ana ly t i ca l  r e s u l t s  a l s g  suggest t h a t  l 3 w  frequency 
noise can be reduced by placing t h e  nozzle c lose  t o  t h e  flow-turning elements. 

INTRODUCTION f :  
The noise from m in tegra te?  propulsive l i f t  system a r i s e s  from t h e  engine 

and from t h e  exhaust flow in t e rac t ing  with lift-augmenting f laps .  Noise goals 
establ ished fo r  jet-powered STOL a i r c r a f t  incorporating t h e  propulsive l i f t  
concepts of under-the-wing ex terna l ly  blown f i c p  (EBF) , over-the-wing (OTW) 
blown f l a p  ( ~ o a n d a  f l a , r ) ,  i n t e r n a l l y  blown f l a p ,  augmentor wing, o r  modifica- 
t ions  of t he  above concepts require  t h a t  t h e  noise from t h e  exhaust flow! 
l i f t i n g  surface . interact ions be reduced subs tan t ia l ly .  Since muffling of these  
sources is  not f ea s ib l e ,  t h e  generation of noise must be minimized. This re- 
quires  an understanding of how noise is  generated by turbulent  flow i n t e r a c t i r a  . . * .# t .  
with f lap-l ike sur faces ,  and what physical parameters (such as j e t  ve loc i ty ,  
eddy s i z e ,  e t c .  ) a f f ec t  t he  noise.  Such an understanding is now s u f f i c i e n t l y  . , . . 
i n  hand t o  allow one t o  systematical ly  seek nethods f o r  modifying the  appropi-i- 
a t e  physical paraneters  i n  order t o  acconiplish a reduced source l eve l .  How- 
ever,  one must be constrained i n  t h i s  pursu i t  by the  fundamental necess i ty  of  
maintaining adequzte l i f t  augmentation of t h e  engine/flap system. 

I t  is  within these cons t ra in ts  t h a t  the present e f f o r t  was mdertaken t~ 
explore t h e  e f f e c t  r i '  one parameter - t he  nozz le / f lap  separation - on the 
acoust ic  and aerodynsn-ic performance of an EBF sysxem. 

'The above work was supported by contract  from the  NASA I e w i s  Research Center. 
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I 

The experimental part of t h i s  e f f o r t  was ca r r i ed  on E. 1/15 s c a l e  model of  
a t r i p l + s l o t t e d  EBF system. The acoust ic  performance of t he  m ~ d e l  w a s  meas- 
ured f o r  a range of X/D from 0 t o  3. Two exhaust nozzles - one round and one 
rectangular (Aspect r a t i o  = 3.5) - were tes ted .  A l l  the  acous t ic  da t a  were 
compared a t  constant l i f t  force. 

The t e s t  r e s u l t s  show t h a t  a reduction of up t o  15 dB is possible  i n  the  
iov frequency (around 63 Hz) region of the noise spectrum of the  f u l l  s ca l e  
device f o r  small nozzleff lap separat ion dis tances.  The ove ra l l  acous t ic  per- 
formance, when measured i n  PNdB, did not exhib i t  s ign i f i can t  reductions. 

The achizved l a rge  reductions of low frequency noise a r e  considered im-  
w r t a n t  s ince  one of the  m i n  problems associated with EBF systci..: i s  t h e  high 
l e v e l s  o f  noise and v ibra t ion  ins ide  t h e  a i r c r a f t .  

The analysis  of  t h e  EBF noise problem w a s  ca r r i ed  out f o r  two l imi t ing  
cases.  The f i r s t  case is t h a t  of a turbuient  j e t  being turned by a r i g i d  
corner,  and t h e  second case i s  t h a t  of  an i s o l a t e d  a i r f o i l  i n  a f r e e  j e t .  

The r e s u l t s  o f  the analysis  f o r  both cases show t h a t  reducLion of low 
frequency noise can be achieved by placing t h e  nozzle close t o  t h e  flow- 
turning elements. 

Flap noise f o r  EBF systems i s  dominsted Sy three  m i s e  source mechanisms: 

Fluctgat ing forces  on the  whole f l a p  ( i . e . ,  l a rge  sca le  f luctua-  
t i ons  ) 

Small s ca l e  pressure f luc tua t ions  a t  t he  lsading edge of those 
f l aps  exposed t o  high ve loc i ty  

Trailing-edge noise from the  f l aps  t u b u l e n t  boundary l a y e r  and 
wake. 

Secondary niechanisms a re  thought t o  be r e f l ec t ions  of j e t  noise and 
surface-generated flow noise.  

We expect t he  la rge  sca l e  f luctuat ions t o  determine t h e  low frequency 
noise m d e r  inves t iga t ion .  

EXPERIMENTAL STUDY ! 

i l  ' 
F a c i l i t y ,  Model md Instrumentation 

The experimental phase of t h i s  e f f o r t  was car r ied  out i n  BBN's l a rge  wind 
tunnel f a c i l i t y  i n  Cambridge, Massachusetts. For these experiments, the  wind 
tunnel was f i t t e d  with a 28- by 40411. nozzle which allows open j e t  v e l o c i t i e s  
of up t o  92 m / s  (300 f t l s e c )  . A compressor, with flow capaci ty of 3 m3/min 
(6000 ft3fmin) a t  103 400 Pa (15 p s i )  overpressure,  supplied the  high pressure 
a i r  t o  the  propulsive nozzle. A muffler on the  high pressure l i n e  assured quie t  
flow t o  the  EBF model. The tunnel t e s t  chamber was i n  the anechoic mode of 
operation, A deta i led  descr ip t ion  of t h i s  high performance acoustic/aerodynamic 
t e s t  f a c i l i t y  is  given i n  reference 1. 
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The EBF model used in these tests was a triple-slotted type with 0.4-10 
(16-in.) flap span. Figure 1 is a drawing of the flap arrangement, showing both 
the takeoff (00-200-400) and landing (150-3S0-50°) flap con£ igurations . Only 
the takeoff configuration was tested in these series of experiments. 

The model is a 1/15 scale model of an inboard engine nacelle and wing 
section designed and tested previously by NASA h g l e y  Iiesearch Center. 
Ttrblz I sdmmarizes the importmt dimensions. 

I 
The size of the nozzles that simulated the engine jet was arrived at by , %  

k . 
assuming that the fuli scale engine will produce 44 480 N (10 000 lb) of thrust 
at engine jet velocity of 244 m/sec (830 ftlsec) (pressre ratio of 1.35). 

For cold flow of air, the above requirements will dictate a full scale 
nozzle area of 0.62 m2 (6.67 ft2) or a diameter of 0.89 m (35 in.). Tha model 
nozzle area will then be 0.303 m2 (4.4 id). 

, . 
Two nozzles were tested, a circular one, hwing a diameter of 0.06 m . . .  

(2.37 in.) and a rectangular one, 0.03 by 0.1 m (1.12 by 3.9 in.), having an 
aspect ratio of 3.5. The maximum thrust that these equal area nozzles can 
develop at jet speeds of 244 dsec (800 ftlsec) is 198 N (44.5 lb). , 

For the experiments, the EBF model was mounted on an extension 3f the wind 
i 

tunnel nozzle floor and the high pressure air was ducted to the propulsive noz- 
zle through an airfoil shaped duct so that interference between the main tunrel i 

jet and ducting would be kept to a minimum. The location of the EBF model with 
respect to the stationary nozzle was varied by using the X-Y table, and an 

I 
additional rotating table was used to adjust the angle of attack. 

> - 
The instrumentation used in the tests consisted of two Band K 114 in. type 

4135 microphones, one located 2.4 m (8 it) below the wing and the other at an 
angle of 2Z0 belcw the wing planform, at a distancz of 3.05 m (10 ft). This 

i 
! 

second location corresponds to a side line test point as defined in reference 2. i 

I 
Test Description . . 

Two series of tests - one static end the ~ther with forward speed - wpre 
performed. The investigatioil was confined to the range X/D = O to 3, with Y/D 
between 112 and 1. Larger values of Y/D a r e  impractical since part crf the flow 

I 
I 

misses the flaps and the lif't decreas~s drastically. I 

I The forward speed tests were performed with simulated forward velocity of 
44 mlsec (145 ftlsec) and nozzle flow velocitv of 152 m/sec (500 ft/sec) and 1 i ; 192 m/sec (630 ft/sec). All tests wcre carried out with the round nozzle and 
then repeated with the rectangular nozzle. 

j 
Criteria for EFF Perfcrmance Evaluation I 

, , 
< . 
! , .  

The basic premise tl~at underlies the present effort i r ;  that. when a purn- 
metric noise study of a propulsive lift device is condacted, the results should 
be compared at constant lift force. Although s more comprehensive evaluation , 

1 . ' -  scheme that includes power requirements and the size of the various elements 
! 
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of the system may be more useful, the constant-lift comparison is a first step 
in that direction. 

Since the lift coefficient of different systems - and even of the same sys- 
tem under different geometric conditions - vary, the lift force w i ,  correctea in 
all tests to 198 N (44.5 11) - which corresponds to the maximum possible lift 
force which can be obtained from the nozzles used at 244 m/sec (800 ft/sec). 
This value is somewhat arbitrary but it only serves as a common basis for com- 
parison of the acoustic performance. 

Tne e f f e c t s  o f  t h e  l i f t  c o r r e c t i o n s  on t h e  noise  generated by t h e  ERF model 
was computed by using s c a l i n g  laws. One has  two o p t i o ~ l s  of c a l c u l a t i n g  t h e  
e f f e c t s  o f  t h e s e  l i f t  c o r r e c t i o n s  on t h e  noise .  The f i r s t  i s  t o  a s s m e  in -  
c reased  jet  speed ( a d  a  h igher  p ressure  r a t i o )  and t h e  second is to increase 
n ' ~ z , l e  a r e a  at  a constant  j e t  sp.?el. 

The t h r u s t ,  o r  l i f t ,  and t h e  no i se  from an EB? obey apyroximately t h e  
following: 

Thrust  a (nozz le  a r e a )  ( j e t  v e l o c i t y  ) 

Noise a (nozzle  a r e a )  ( j e t  v e l o c i t y ) 6  

Doubling o f  t h e  t h r u s t ,  i f  achieved by i n c r e a s i n g  t h e  v e l o c i t y  by a f a c t o r  
o f  6 will ttcost" 9 dB in additional noise, whereas by doubling tltr nozzle 
a r e a  t h e  p r i c e  w i l l  be only  3 dB. 

It was decided t h e r e f o r e  t h a t  t h t  lift c o r r e c t i o n  w i l l  b e  done at  constant  
velocity (244 m/sec (800 ftlsec)) for all nozzlelflap configurations. 

It should be noted here  t h a t  t h e  above procedure con ta ins  t h e  i m p l i c i t  
assumption t h a t  t h e  l i f t  c o e f f i c i e n t  CL does not  change wi th  t h e  nozzle a r e a  
i-crease, but this is true only for small area changes. If the velocity is 
manipulated to increase the lift, no such assumption has to be made. 

The i n ~ a l i c a t i o n s  of t h e s e  l i f t  c o r r e c t i o n  methods on t h e  power p l a n t  o f  
t h e  a i r c r a f t  and t h e  r e l z t i v e  meri t  o f  each needs f u r t h e r  s tudy.  

Test Results 

Table I1 summarizes the predicted community noise in two locations, fly- 
over and sideline - both at a distance of 152 m (500 ft) from a 88 960-N 
(20 000-lb) thrust engine. Inspection of the table shows that when the noise 
is measured in PNdB, the acoustic performance of the EBF improves as one pro- 
gresses to larger X/D. One should note, however, that the differences between 
the lowest and highest PNdB values are small (on the order of 2 dB or less) and 
are comparable to . ile experimental spread. 

The individual pressure spectra for all of the 54 cases indicated in 
table I1 are reported in reference 3. Here, only a few selected spectra are 
displayed in figures 2 through 7. As in table I, the spectra refer to the full 
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s c a l e  s i t u a t i o n  (dis tance of 152 m (500 f t )  from a 88 960-N (20 000-lb) t h r u s t  
engine) and were obtained from the  model spec t ra  by the  following procedure: 

U~ F =F A~ s p 4 ( f F )  = sP$(fM) + 60 log -L - 20 log  ;- + log  - 
'J,M M 'k 

Here, subscr ip ts  F and M r e f e r  t o  t h e  f u l l  s ca l e  and model var iab les ,  SPL i s  
t he  sound pressure l e v e l ,  f  i s  the  frequency, U is  the  j e t  ve loc i ty .  r Is t h e  

J distance t o  t h e  observation po in t ,  A i s  t h e  nozzle a rea  and d i s  the character- 
i s t i c  nozzle dimension. 

Each of  t he  f igures  2 through 7 shows t h e  var ia t ion  i n  the  noise l e v e l  .as a 
f'unction of t h e  nozzle/f lap separat ion f o r  a constant Y/D value. A s  mentioned 
before,  t h e  f laps  were s e t  a t  takeoff  configurat ion (0~-20~-40 '  ) . Figures 2 ,  
3, and 4 r e f e r  t o  the  case of no forward speed, whereas f igures  5,  6,  and 7 r e f e r  
t o  t he  case  of  a fomard  speed of 44 m/sec (145 f t l s e c )  f o r  the  same 
configurations.  

The e f f e c t  of nozzle/f lap separat ion i s  evidenced c l e a r l y  i n  the  low Fre- 
quency region of these spec t ra  - a region which c o n t ~ i b u t e s  l i t t l e  t o  t h e  PNdB 
sca le .  The range of va r i a t i on  spans about 15  dB with no forward ve loc i ty  and 
about 10 dB with forward ve loc i ty ,  and o f f e r s  promise for  s ign i f i can t  a l lev ia-  
t i o n  of the  i n t e r i o r  no ise  and v ibra t ion  problems. 

The X/D dependence of ove ra l l  no ise  ( i n  PNdB) and of low frequency noise  i n  
oae octave band (31.5 Hz t c  63 Hz) is compared i n  f igures  8 and 9 f o r  t he  con- 
f igura t ions  selected f o r  f igures  2 through 7. Figure 8 shows the  comparison f o r  
the  case of no forward speed, and f igu re  9 shows the  comparison f o r  t he  case cf 
a forward speed of 44 m/sec (145 f t / s e c  j . A s  is evident from these f igures ,  t ke  
reduction i n  low frequency noise with lower X/D is s ign i f i can t ly  l a rge r  than the  
associated s l i g h t  increase i n  ove ra l l  noise. 

Tfie nozzle shape did not seem t o  a f f e c t  t he  noipc. Some improvement ir. t he  
low frequency region was detected but fu r the r  study i s  needed t o  cot~firm these 
trends. 

The e f f e c t  of forward -:elocity was a l s o  found t o  be about the same on both 
nozzle shapes and, i n  gener i l ,  reduced the  noise by about 2 t o  5 dh. As  re- 
ported e a r l i e r  ( r e f .  4 ) ,  forward speed e fzec t s  depend on the  f l a p  angles and, i n  
general,  do not reduce the noise by what may be expected from r e l a t i v e  ve loc i ty  
arguments. 

ANALYTICAL STUDIES 

Fredominant EBF noise generation mech. .isms a r e  dipole- l ike force fluctua- 
t i o n s  of t he  e n t i r e  f l a?  o r  f luc tua t ions  at, t he  leading edge. Additional 



sources,  espec ia l ly  i n  t.he high f'requency range occur at the  t r a i l i n g  edge o f  
- t he  f laps.  In  t h e  present e f f o r t ,  t h e  ana ly t i ca l  s tud ie s  of  t h e  EBF noise 

were ca r r i ed  out on two l imi t ing  cases: ( 1 )  sound rad ia ted  by L-.oss t u n i n g  
forces  due t o  a turbulent  j e t  being turned by a r i g i d  corner,  and (2)  sound 
rad ia ted  by f luc tua t ing  l i f t  at t he  leading edge of a t h i n  i s o l a t e ?  a i r f o i l  i n  
a f r e e  j e t .  

The EBF configuration i s  modelled as a simple smoothly f a i r ed  corner with 
a jet against  the  concave pa r t  of the  corner ( f i g .  10) .  It is  assumed t h a t  , 

i n  turnir,& the  corner,  t h e  only major change suffered by the  t o t a l  momentum 
f l u x  across t h e  j e t  cross-section i s  the  change iz Its d i rec t ion  by angle $, 
with no subs t an t i a l  change i n  i t s  magnitude o r  i n  i t s  various s t a t i s t i c s .  On 
the bas i s  of this assumption, t h e  s p e c t r a l  densi ty  % ( w )  of t he  f luc tua t ing  
force experienced by t h e  f l a p  i s  r e l a t ed  t o  the  s p e c t r a l  densi ty  %(a) of the. 
f luc tua t ing  momentuin f l u x  i n  t h e  flow d i rec t ion  by: 

These analyses a r e  described i n  d e t a i l  i n  reference 3. Here, we merely 

2 

mF(h) = $(o) { P  s i n  ( $ ) }  , 

<, " 4 :;, q - . ' i  ;:,: 

where $J is  the turn in3  angle of t h e  flow. The above r e l a t i o n  i s  l i k e l y  t o  be 
v a l i d  only f o r  l a rge  eddies ,  i . e . ,  f o r  low frequencies. 

Next, the  experimental da ta  f o r  round, subsonic j e t s  ( re fs .  5 through 
8) a r e  used t o  estimate %(w) f o r  var ious values of t h e  dimensionless parameter 
X/D, where X is the  a x i a l  loca t ion  of t he  turn ing  point  and D i s  the  nozzle 
diameter. For a given value of x/D, $(u) i s  a f m c t i o n  of t h e  flow dynamic 
head, t h e  mean ve loc i ty  p ro f i l e ;  the  spec t r a l  densi ty  of  t he  f luc tua t ing  veloc- 
i t y  i n  t he  a x i a l  d i rec t ion ;  and a t yp ica l  co r r e l a t ion  a rea  over t he  j e t  c ross  
sec tim, of t he  a x i a l  ve loc i ty  f luc tua t ions .  

: ;;- ou t l i ne  t h e  bas ic  ideas behind t h e  analyses and present the  calculated r e s u l t s .  

Sound from Fluctuat.ions i n  Gross' Turning Forces 

, . ,  
I .  

; 1. 
t 

Fina l ly ,  f o r  est imating the noise rad ia ted  t o  t h e  observation point I-, t he  
f luc tua t ing  force on the  f l a p  i s  modelled a s  a whole-body, coherent,  acoust ic  
dipole scurce, possibly . compact. Spec t ra l  densi ty  @ (r ,w) of the  rad ia ted  

. , / . . 
, ' , . ;  . 

. where k is  t h e  acoust ic  wavenumber at frequency w, ~ ( 0 )  i s  t he  d i r e c t i v i t y  . .., 
" .  f ac to r  &ual t o  css20 when 0 is  r e fe r r ed  t o  t h e  force axis  and b i s  a t yp ica l  , 

dimension (semi-chord: of  t he  source. !ri$;. Y ' - . - ~  

;i;: ,, , 

.; 
. . ., 
. . "' .: 

.1'- 

.!G . 
;:$ 

pressure is  given by: P 

, -', .; 
, ,:: :: , ,.. , ' 
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Figure 11 shows the estimated noise for the following conditions: nozzle 
diameter D - 0.9 m (3 ft) ; flap X/D - 2 , 4 , 6 ;  turning angle JI = 60'; exit ve1.o~- 
ity = 213 d s e c  (700 ftfsec), observation point 152 m (500 ft) radius (f Iyover) . 

Sound frcm Fluctuat ing L i f t  a t  Leading Edge 
, . .. . % I  1 , 

An a i r f o i l  of chord 2b and i n f i n i t e  span i s  considered t o  l i e  i n  a  round :l 
' .! 

tuxoulent jet (see sketch in fig. 12). The airfoil is assumed to lie in the . I . ', 
A-y plane (i. e. , z = 0). I t s  leading edge coincides with the  x-axis and i s  a t  

I .  
l 

a dis tance X downstream of the  j e t  nozzle. I .  1 

- ,  . ; :.:: 
. 

'; A t yp i ca l  wave of f l uc tua t ing  ve loc i ty  w(x,y , t )  i q  the v e r t i c a l  z direc-  
t ion  i n  t h e  j e t  impinges on t h e  a i r f o i l  and c rea t e s  a  corresponding wave of 
f luc tua t ing  l i f t  on the  a i r f o i l ,  concentrated mainly at the  leading edge. The 
ve loc i ty  wave i s  given by: 

w(x,y,t) = wO exp { i ( k l x  + k2y - t o t ) ]  , I 5  

and the  corresponding lift L(y , t )  (of  dimension force/ length)  is  given by: 

(L(y,t) = 2npbw U T ( ~  ,k2) exp { i ( k 2 y  - w t ) }  , 
0 U 

(t;) 

where wo is the amplitude of the incident upwash wave, k~ and k2 are the wave- 
number components of the wave, p is the medjum density, U = w/kr is the mean 
velocity of the jet (dependent on the nozzlelairfoil separation X, and on the 
spanwise direction y) and T(kr,kz) is the dimensionless response function (taken 
from ref. 8). 

The experimental data of referances 5 through 8 are used again to generate 
a s t a t i s t i c a l  model of  t he  wavenumber spectrum @,(kl , k2 )  of  the up was?^ dis turb-  
ance and the  corresponding spectrum $T(k2)  of the  leading edge f luc tua t ions .  

F ina l ly ,  t h e  rad ia ted  noise i s  ca lcu la ted  on the  bas i s  of regarding the  
leading e&e l i f t  f l uc tua t ions  as s t a t i s t i c a l l y  independent d i s t r i b u t i o n  of 
point dipoles  of spanwise varying dipole s t rength .  For high fyequencies ( f o r  
which 2b/X > 1, A = acous t ic  wavelength! a  correct ion f ac to r  s imi l a r  t o  t h a t  
i n  equation 4 erlcountiilg f,or noncompact nature of l i f t  d i s t r i bu t ion  i n  t h e  
chordwise d i rec t ion  (only)  i s  introduced. 

Figure 12 shows the estimated noise for the following conditions: nozzle 
diameter D = 0.9 m (3 ft); chord 2b = 0.9 m (3 ft); X/D = 2,4,795,10; exit 
velocity = 244 m/sec (800 ftlsec); observation point 152 m (500 ft) radius 
(f lyover) . 

Discussion 

Both figures 11 and 12 indicate the same trend for low frequencies, i.e., 
l e s s  noise fo r  c lo se r  nozzle/f lap separat ions.  For higher  frequencies both t h e  
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f igures  i,..:i~?st-e t r m d s  not suggested by experimental. data.  Figure 11 suggests 
higher high frequency noise f o r  l a r g e r  x/D, contrary t o  experiments. The as- 
sumption, and elementary est imation,  of the  whole body force i s  undoubtedly not 
va l id  for  high frequencies where a typ ica l  edJy s i z e  is smaller than the  f l a p  
dimensions. Although high frequency noise is  seen t o  be l e s s  dependent on XID i 
figure 13, the  noise l eve l s  estimated a r e  higher than those indicated by data.  
Likely reasons f a r  higher estimated noise a r e :  (l! I n  the  approximate calcula- 
t ions  performed, adequate account could not be taken of r e l s t i v e l y  rapid decay, 
with high (k21 ,  of t he  l i f t  response function  IT(^^ , i C 2 ) 1  ( t h i s  aspect i s  of 
l e s s  c r i t i c a l  importance a t  lower frequencies) .  ( 2 )  ~ ( k ,  ,k,) of reference 9 
(and of r e l a t e d  work) i s  based on t4he asscmption t h a t  t he  impinging gust i s  
in f in i t , ? ly  extended i n  the  z di rec t ion .  Such an assumption may not be v a l i d  
f o r  s m ~ ~ l l  s c a l e  j e t  tu-bulence involved a t  higher frequencies.  

CONCLUSIONS 

The noise output of an EBF system i n  takeoff  configuration was shown t o  r;;:, 3 a .. , 
be s trongly dependent on the  flap/nozzle configuration only st the  ,ow fre-  1 . -: 
quency regicn on the spectl.um. The high frequei~cy ~ ~ e g i o n ,  which dominates the  
various nieasures of community noise leve ls  i s  only weakly a f fec ted  by t h e  
nozzlelf lap separat ion o r  the nozzle shape. 

1. i '. 
. / : I ; -  

I : '  I t  is  found tha t  simple ana ly t i ca l  models produce good approximations and 
trend predict ions for the so-called "whole body dipole" noise source of an EBF a 

system. This source dominates i n  the low frequency par t  of t he  spectrum and I : 

presents severe noise and v ibra t ion  problems t o  the  a i r c r a f t .  < .  

i 
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TABLE I.- EBF MODEL AND FIXL SCPLE DIMENSIONS 

Ping chord F i r s t  f l a p  Second f l a p  Third f l a p  a t  inboard chor2 n a c e l l e  chord chord 
-.- 

m i n .  m il;. m i n .  m i n .  -- 
Full s c a l e  a i r c r a f t  153 3 .8)  22.96 0.58 30.5 0.78 34.43 0.87 

Model 10 .2  .26 1 .53 .04  2.04 .05 2.30 .06 



TABLE 11.- EBF NOISE AT CONSTANT LIFT (IN PNdd) 

960-N (20 000-lb) thrust  engine a t  152 m 
(500 ft) distance; UJ = 244 m/sec (800 
f t /sec).  L i f t  corrections performed by 
changes i n  nozzle area 1 

No Forward Speed 
- 

Round Nozzle Rectangular Nozzle 

Fly over Sideline Flyover Sideline 
1 

X/D Y ID Y/D Y/D Y/D 

112 1 112 1 1/2  1 112 1 

0 100.4 99.4 96.2 96.4 100.8 96.8 95.2 96.1 

1 99.9 98.5 95.8 96.0 99.4 96.1 94.8 35.7 

2 99.14 97.6 95.3 95.6 98.0 95.5 94.4 95.4 

3 98.8 96.8 94.8 95.2 96 ': 94.8 94.0 95.1 - 
t 

With Forward Spted Urn, = 44 m/sec (145 f t / sec)  

Round Nozzle Reztangular Nozzle 

Flyover Sickline Flyover Sideline 
b - - 
K I D  Y/D Y/D Y/D Y/D 

112 1 112 1 112 1 112 1 

0 98.6 98.3 96.8 96.3 99.5 98.4 96.9 94.8 -- 
1 1 97.3 1 96.9 94.9 94.7 99.0 97.0 94.8 1 93.9- 

2 97.0 96.0 93.9 93.5 98.2 95.8 94.1 93.1 

3 96.3 95.2 93.2 92.8 97.0 95.3 93.9 92.7 



tC c 

Figure 1.- EBF model geometry. . A : -1 

ONE- THIRD OCTAVE BAND CENTER FREQUENCY (Hz ) 

Figure 2 . -  Flyover noise spectra. Round nozzle; no forward speed; 

U~ = 244 m/s (800 ft /sec)  . 
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ONE- THIRD OCTAVE BLND CENTER FREQUENCY (Hz 1 

Figure 5.- Flyover noise spectra. Round nozzle; U = 244 m/sec (800 ftlsec); 
U_ = 44 mlsec (145 f tlseej. 
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Figure 6.- Flyover noise spectra. Rectangular nozzle; UJ = 244 rn1se.r ,4', k .-, 
(800 ftlsec) ; Urn = 44 m/sec (145 ftlsec) . f:? 
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ONE- THIRD OCTAVE BAND CENTER FREQUENCY ( Hr 1 

Figure 7 . -  Sidel ine noise  spectra. Rectangular nozzle; UJ = 244 m/sec 
(800 f t l s e c ) ;  Urn = 44 m/sec (145 f t l s e c ) .  
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, 1 I I I 

Figure 8. - X/D dependence of overal l  and low frequency noise;  
no forward speed. 
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Figure 9.- X/D dependence of overall and low frequency noise; 
J, = 44 m/sec (145 f t/sec) . 
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Figure 10.- Externally blown flap as a smoothly faired corner. 
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Figure 11.- Estimated noise from fluctuations in gross turning forces. 
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Figure 12.- Estimated noise from fluctuati.:g lift at leading edge. 
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Figure 13.- Comparison of estimated noise m d  experimental data. 




