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LEW - 15,1701 AWARDS ABSTRACT 

JET MIXER NOISE SUPPRESSOR USING ACOUSTIC FEEDBACK 

The present invention generally relates to providing 
an improved jet mixer noise suppressor for high 
speed jets that rapidly mixes high speed air flow 
with a lower speed air flow, and more particularly, 
relates to an improved'jet mixer noise suppressor 
that uses feedback of acoustic waves produced by the 
interaction of sheer flow instability waves with an 
obstacle downstream of the jet nozzle. 

Referring to Fig. 1, multiple primary high velocity 
nozzle jets are shown which emit high velocity jet 
flow into ejector shroud 4 through ejector inlet 6. 
In addition, lower velocity air is entrained into 
ejector shroud 4 through ejector inlet 6 due to the 
high velocity jet flow drawing the lower velocity 
air into the ejector shroud. The higher and lower 
velocity air stream are then mixed using acoustic 
feedback waves resulting from highly directional . -  
sound waves produced by the interaction of sheer 

, flow instability waves with obstacles down stream of 
nozzle 2. In Fig. 1, the multiple nozzle jets 2 are 
separated by a predetermined distance and emit high 
velocity jets which are in phase in order to obtain 
synchronous mixing of the higher and lower velocity 
air flow. 

The jet mixer noise suppressor of the present 
invention uses multiple jets, surrounded by 
entrained ambient air to flap in unison using the 
acoustic waves fed back from downstream of the jets 
to rapidly enhance the mixing of the jets. The jet 
mixer noise suppressor of the present invention uses 
the natural interaction of shear layer coherent 
structure with shock cells found in an imperfectly 
expanded supersonic jet which generates screech. 
The screech causes feedback of the acoustic waves to 
,the nozzel lip creating resonance and creating 
instability waves to enhance the mixing of the jet 
flow. 
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NASA CASE NO. LEU-15,170-1 PATENT APPLICATION 

JET MIXER NOISE SUPPRESSOR USING 
ACOUSTIC FEEDBACK 

Oriqin of the Invention 

5 The invent ion described herein was made by an employee of the U .  S.  

Government and may be manufactured and used by or for  the Government for  

governmental purposes, without the payment of any royal t i e s  thereon or 

therefor.  

Technical Field 

10 The present invention generally relates  t o  providing an improved j e t  

mixer noise suppressor for  high speed j e t s  that  rapidly mixes high speed 

a i r  flow with a lower speed a i r  flow, and more part icular ly,  re la tes  to  an 

improved j e t  mixer noise suppressor that uses feedback of acoustic waves 

produced by the interaction of sheer flow ins tab i l i ty  waves t o  enhance the 

15 mixing of the higher and lower speed a i r  flow, suppressing noise exiting 

from the j e t  nozzle. 

Backsround Art 

Presently, there does n o t  ex is t  any j e t  mixer which i s  designed to  

specif ical ly  u t i l i z e  acoustic feedback from downstream o f  a j e t  nozzle t o  

20 enhance the mixing of j e t  a i r  exiting from a j e t  nozzle. Rather, a 

variety of mixers/suppressors have been developed t o  provide enhanced 

mixing of two different  j e t  or velocity streams. These improved mixers, 

fo r  example, have reduced the dimension of the high speed flow passage of 

the ejector  resulting in mechanical and performance limitations.  Accord- 

25 ingly, the conventional turbulent mixing process has been used to  perform 

the mixing using the smaller high speed flow passage. 
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Other j e t  mixer  no ise  suppressors which have been used t o  p rov ide  

mix ing  o f  two d i f f e r e n t  v e l o c i t y  streams have been const ruc ted  o f  m u l t i p l e  

lobed, r a d i a l l y  al igned, a l t e r n a t e  passages o f  h igher  and lower  v e l o c i t y  

5 streams f o r  annular o r  r ing-1  i ke geometries. Add i t i ona l  mixer  no ise  

suppressors have been constructed us ing  p a r a l l e l  a l t e r n a t e  passages f o r  

rec tangu la r  nozzle geometries. Fur ther ,  mixer  no ise  suppressors have been 

const ruc ted  us ing  s i n g l e  vo r tex  generators which mix f a n  a i r  w i t h  pr imary 

exhaust f l o w  across the  engine exhaust area. However, these p r i o r  a r t  

10 mixer  no ise  suppressors have i nvo l ved  l e s s  than optimum f l o w  mix ing  r a t e s  

and poor no ise  reduc t i on  due t o  no ise  r a d i a t i o n .  I n  add i t i on ,  t h e  p r i o r  

a r t  mixer  no ise  suppressors have been complex, bu lky  and o f  cons iderab le  

l e n g t h  r e s u l t i n g  i n  a  mixer  which i s  heavier and more expensive t o  i nco r -  

pora te  i n t o  a  j e t  engine. 

The j e t  mixer  no ise  suppressor o f  the  present  i n v e n t i o n  i s  more 

s u i t a b l e  than the  p r i o r  a r t  j e t  mixer  noise suppressors s ince,  by us ing  

t h e  feedback o f  acoust ic  waves rece ived from the  down stream s ide  o f  the  

nozzle, t h e  j e t  mixer no ise  suppressor o f  the  present i n v e n t i o n  i s  ab le  t o  

p rov ide  e x c e l l e n t  mix ing  o f  j e t  streams wh i l e  being r e l a t i v e l y  s h o r t  i n  

20 length,  l i g h t e r  i n  weight and l e s s  expensive than the  p r i o r  a r t  j e t  

mixers. I n  add i t ion ,  many app l i ca t i ons  r e q u i r i n g  j e t  mixer  no i se  suppres- 

sors  r e q u i r e  lower no ise  output  from the device than t h e  p r i o r  a r t  mixer  

no ise  suppressors can prov ide.  Accordingly,  t he  present  i n v e n t i o n  can be 

used i n  these types o f  app l i ca t i ons  since the  present i n v e n t i o n  i s  able t o  

25 prov ide  g r e a t l y  enhanced mix ing  o f  j e t  f l ow  streams, thus g r e a t l y  reducing 
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t h e  no ise  ou tput  from the  j e t  engine. 

Summary o f  t h e  Inven t i on  

I t  i s ,  therefore,  an ob jec t  of the present i nven t i on  t o  p rov ide  an 

5  improved mixer  which i s  smal ler  i n  s ize,  l i g h t e r  i n  weight and lower i n  

cos t .  

I t  i s  another o b j e c t  o f  t h e  present i nven t i on  t o  p rov ide  an improved 

mixer  which w i l l  p rov ide  thorough mix ing  i n  s i g n i f i c a n t l y  s h o r t e r  d is tanc-  

es and which w i l l  render  the mix ing  produced no ise  more amenable t o  

10 reduc t i on  us ing  acoust ic  treatment.  

It i s  an a d d i t i o n a l  ob jec t  o f  t he  present  i nven t i on  t o  p rov ide  an 

improved j e t  mixer  no ise  suppressor which u t i l i z e s  acoust ic  feedback 

r e s u l t i n g  from sound waves produced by the  i n t e r a c t i o n  o f  sheer f l o w  

i n s t a b i l i t y  waves w i t h  m u l t i p l e  s t ruc tu red  obstac les down stream o f  t he  

15 nozzle. 

The j e t  mixer  no ise  suppressor o f  t he  present  i nven t i on  uses m u l t i p l e  

j e t  nozzles, surrounded by en t ra ined ambient a i r  t o  f l a p  i n  unison us ing  

t h e  acoust ic  waves fed  back from downstream o f  the  nozzles t o  r a p i d l y  

enhance t h e  m ix ing  o f  t h e  j e t s .  The j e t  mixer  noise suppressor o f  t h e  

20 present  i n v e n t i o n  uses the  na tu ra l  i n t e r a c t i o n  o f  shear l a y e r  coherent 

s t r u c t u r e  w i t h  shock c e l l s  found i n  an i m p e r f e c t l y  expanded supersonic j e t  

which generates screech. The screech causes feedback o f  t h e  acoust ic  

waves t o  t h e  nozzle l i p  c r e a t i n g  resonance and c rea t i ng  i n s t a b i l i t y  waves. 

The presen.t i n v e n t i o n  uses a  nozzle which outputs h igh  v e l o c i t y  a i r  f l o w  

25 t h a t  i s  i n  phase w i t h  a i r f l o w  e x i t i n g  from an adjacent nozz le  t o  cause the  
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j e t  a i r  flow t o  f lap  in unison and mixes these j e t  a i r  flows with the 

ins t ab i l i t y  waves t o  enhance the mixing of the j e t  flow. 

In an al ternat ive embodiment, the j e t  mixer noise suppressor of the 

5 present invention uses small paddles or obstacles in the path of the j e t  

flow near the shear layer edge. The j e t  coherent structure interacts  with 

these obstacles causing feedback of the acoustic waves t o  the nozzle l i p  

which excites the coherent structure,  thereby closing the feedback loop. 

In carrying out the above objects of the present invention, there i s  

10 provided a j e t  mixer noise suppressor which includes a f i r s t  nozzle 

outputting a f i r s t  a i r  stream generating feedback of a f i r s t  acoustic wave 

from downstream of the f i r s t  nozzle and a second nozzle outputting a 

second a i r  stream, synchronous with the f i r s t  a i r  stream, generating 

feedback of a second acoustic wave from downstream of the second nozzle. 

15 In addition, the j e t  mixer noise suppressor includes an ejector  having an 

in l e t ,  ou t le t  and shroud, receiving the f i r s t  and second a i r  streams from 

the f i r s t  and second nozzles through the i n l e t ,  receiving entrained a i r  

produced from the f i r s t  and second a i r  streams being received by the 

ejector,  receiving the f i r s t  and second acoustic waves fed back from 

downstream of the f i r s t  and second nozzles through the out le t ,  and mixing 

the f i r s t  and second a i r  steams and the entrained a i r  responsive to  the 

f i r s t  and second acoustic waves in the shroud. Further, the f i r s t  and 

second nozzles of the present invention are positioned so that  the f i r s t  

and second acoustic waves are o u t  of phase with each other. 

These objects,  together with other objects and advantages which will 
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be subsequently apparent, res ide  i n  t he  d e t a i l s  o f  c o n s t r u c t i o n  and 

opera t ion ,  as more f u l l y  h e r e i n a f t e r  described and claimed, re fe rence 

be ing  had t o  t h e  accompanying drawings forming a  p a r t  hereof,  wherein l i k e  

5 re fe rence numerals r e f e r  t o  l i k e  p a r t s  throughout.  

B r i e f  D e s c r i ~ t i o n  o f  t h e  Drawinqs 

F ig .  1 i s  a  bas ic  s t r u c t u r a l  diagram of t h e  f i r s t  embodiment o f  the  

present  invent ion ;  

F ig .  2 i s  a  top  view of m u l t i p l e  j e t s  e m i t t i n g  h i g h  speed j e t  f lows 

10 o f  F i g  1; 

F ig .  3 i s  a  diagram of the  phase p l o t  of t h e  acoust ic  f i e l d  r e s u l t i n g  

from t h e  i n t e r a c t i o n  of  the  f low coherent s t r u c t u r e  w i t h  t h e  downstream 

shock s t r u c t u r e ;  

F igs.  4(a) and 4(b) are diagrams i l l u s t r a t i n g  the  mixer  element 

15 spacing t o  ob ta in  enhanced mix ing  us ing  resonant m ix ing  o f  j e t  f lows; 

F ig .  5 i s  a  diagram o f  t he  second embodiment o f  t h e  present  i n v e n t i o n  

i l l u s t r a t i n g  a  beveled nozzle used t o  p rov ide  an ex te rna l  r e p e t i t i v e  shock 

s t r u c t u r e  t o  c rea te  t h e  des i red  acoust ic  feedback; 

F ig.  6 i s  a  diagram o f  the  general s t r u c t u r e  o f  t he  t h i r d  embodiment 

20 o f  t h e  present  i n v e n t i o n  which uses obstac les i n  t h e  pa th  o f  t h e  j e t  f l o w  

t o  enhance m ix ing  o f  resonant j e t  f low;  and 

Fig.  7  i s  a  diagram o f  the  four th  embodiment o f  t h e  present  i nven t i on  

which i l l u s t r a t e s  a  beveled nozzle of the  second embodiment o f  t he  present  

i n v e n t i o n  used together  w i t h  mu1 t i p l e  obstac les o f  t he  t h i r d  embodiment o f  

25 t h e  present  i n v e n t i o n  t o  ob ta in  enhanced mix ing  o f  t he  j e t  f low.  
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D e s c r i ~ t i o n  o f  t h e  Pre fer red  Embodiments 

R e f e r r i n g  t o  F ig .  1, a bas ic  s t r u c t u r a l  d e s c r i p t i o n  o f  t h e  f i r s t  

embodiment o f  t he  present  i nven t i on  i s  shown. I n  F ig .  1, m u l t i p l e  p r imary  

5 h igh  v e l o c i t y  nozzle j e t s  2 used i n  an i m p e r f e c t l y  expanded supersonic j e t  

are shown which emit  h igh  v e l o c i t y  j e t  f low i n t o  e j e c t o r  shroud 4 through 

e j e c t o r  i n l e t  6. I n  add i t ion ,  lower v e l o c i t y  a i r  8 i s  en t ra ined  i n t o  

e j e c t o r  shroud 4 through e j e c t o r  i n l e t  6 due t o  h igh  v e l o c i t y  j e t  f l o w  

drawing lower v e l o c i t y  a i r  8 i n t o  e j e c t o r  shroud 4.  The h ighe r  and lower 

10 v e l o c i t y  a i r  streams are then mixed us ing acoust ic  waves f e d  back f rom 

downstream o f  nozzles 2  r e s u l t i n g  from h i g h l y  d i r e c t i o n a l  sound waves 

produced by the  i n t e r a c t i o n  o f  sheer f low i n s t a b i l i t y  waves w i t h  obstac les 

down stream o f  nozzles 2. I n  Fig.  1, m u l t i p l e  nozz le  j e t s  2 are separated 

by a  predetermined d is tance and emit h igh  v e l o c i t y  j e t s  which a re  i n  phase 

15 i n  o rder  t o  ob ta in  synchronous mu1 t i p l e  mix ing  processes by mix ing  t h e  

h igher  and lower v e l o c i t y  a i r  f low. Nozzles 2 may a1 t e r n a t i v e l y  be 

pos i t i oned  i n  an annular con f i gu ra t i on  as w e l l .  F ig .  2 shows i n  more 

d e t a i l  m u l t i p l e  nozzles 2  e m i t t i n g  h igh  v e l o c i t y  j e t s  which are  i n  phase 

w i t h  each o the r  as i n d i c a t e d  w i t h  respect t o  F ig .  1 t o  o b t a i n  t h e  enhanced 

20 mix ing.  The enhanced mix ing  moves the  mix ing  process back toward t h e  

nozzles e x i t s  and t h i s  moves the  source o f  downstream propagat ing acous- 

t i c s  waves back up toward the  nozzle e x i t s .  As a  r e s u l t  o f  t h e  longer  

propagat ion l e n g t h  the  acoust ic  treatment o f  t h e  shroud w a l l s  can be more 

e f fec t i ve . ,  
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Fig.  3 shows an exemplary screech phase p l o t  f o r  an i m p e r f e c t l y  

expanded supersonic j e t  us ing  a  convent ional converging nozz le  r u n  a t  a  

h igh  pressure r e s u l t i n g  i n  acoust ic  feedback o r  screech from the  down- 

5 stream o f  t h e  converging nozzle. As shown i n  F ig.  3, t he  shock p a t t e r n  

which r e t u r n s  from downstream o f  nozzle 12 has several contours o f  con- 

s t a n t  phase w i t h  respect  t o  pressure i n  comparison t o  a  re ference p o i n t .  

As i s  a l so  shown i n  F ig .  3, the  shock p a t t e r n  r e t u r n i n g  from t h e  down- 

stream s ide  of nozzle 12 t o  the  l e f t  o f  nozzle 12 has contours o f  constant  

10 phase which are 180° out  of phase w i t h  the  contours on the  r i g h t  s ide  o f  

nozzle 12. Th is  screech phase p l o t  was generated a t  one mach speed, and 

a d d i t i o n a l  phase p l o t s  can be generated a t  o the r  des i red  mach speeds t o  

operate the  supersonic j e t .  

I n  o rde r  t o  generate the  f l app ing  wave motion o f  t he  j e t ,  i .e. ,  t h e  

15 i n s t a b i l i t y  waves f o r  enhanced mix ing  o f  t h e  h igher  and lower v e l o c i t y  a i r  

f lows,  t h e  acoust ic  waves between the  nozzles should be ou t  o f  phase w i t h  

each o ther .  Thus, t h e  acoust ic  waves r e t u r n i n g  from the  down steam o f  t h e  

r i g h t  s ide  o r  edge o f  nozzle 12 i n  Fig. 3 should be out  o f  phase w i t h  the  

acoust ic  waves r e t u r n i n g  from the  down stream s ide  o f  t he  l e f t  s i de  o f  

20 nozzle 14. Similarly, the  acoust icwaves generated from thedown  stream 

o f  t h e  l e f t  s i de  o f  nozzle 12 should be out  o f  phase w i t h  the  acoust ic  

waves r e t u r n i n g  from the'down stream o f  t he  r i g h t  edge o f  nozzle 16. 

Thus, t he  phase d i f f e rences  between the  acoust ic  waves w i l l  generate 

i n s t a b i l i t y  waves which w i l l  enhance the  mix ing  between t h e  h igher  and 

25 lower v e l o c i t y  a i r  flows. Based upon the  phase p l o t  o f  F ig .  3, i t  can 
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r e a d i l y  be seen f o r  t h e  s p e c i f i c  mach speed which t h i s  da ta  was observed, 

t h a t  t he  l e f t  s i de  of nozzle 14 should be p laced approximate ly  3 "  t o  the  

r i g h t  o f  t h e  center  o f  nozzle 12 s ince the  r i g h t  s ide  o f  nozzle 12 i s  a t  

5 t he  O0 phase contour  and the  l e f t  s ide  of nozz le  14 i s  a t  t h e  180° phase 

contour  on t h e  curve X=O, X being the  v e r t i c a l  d is tance f rom t h e  nozz le  

a x i s  o f  nozz le  12. Thus, nozzles 12 and 14, i f  p laced as i n d i c a t e d  above, 

w i l l  be ou t  o f  phase w i t h  each o ther  thereby genera t ing  t h e  i n s t a b i l i t y  

waves which prov ide  resonant mix ing  o f  the  h ighe r  and lower  v e l o c i t y  

10 a i r f l o w .  

F igs.  4(a) and 4(b) are graphs showing observed ac tua l  da ta  which may 

be used t o  determine t h e  spacing between nozzles t o  o b t a i n  t h e  i n s t a b i l i t y  

waves w i t h  re ference t o  d i f f e r e n t  mach numbers f o r  a  s p e c i f i c  j e t  engine. 

F ig .  4(a) shows t h a t  t h e  nozzles are separated by a  d i s tance  s f o r  a  g iven 

15 n o z z l e w i d t h  h. I n  F ig .  4(b), a t  mach speed 1.5, f o r  a  1/2" nozzle, curve 

18 shows t h a t  t h e  r a t i o  o f  d is tance between t h e  nozzles (s) over nozz le  

w id th  (h) i s  approximately 8.75. If the same nozz le  was t o  be used a t ,  

f o r  example, mach 1.3, t he  r a t i o  between the  d i s tance  between t h e  nozzles 

over t h e  nozz le  w id th  would be approximately 6.3. F ig .  4  a l so  shows data  

20 recorded f o r  a  1/4" nozz le  along curve 20. Thus, F ig .  4(b) shows observed 

data f o r  two d i f f e r e n t  s ized nozzles a t  var ious  mach speeds. To f u r t h e r  

v e r i f y  t h a t  t h e  observed data was cor rec t ,  t h e o r e t i c a l  da ta  was a l so  

p l o t t e d  on F i g .  4(b )  f o r  when the  source o f  t h e  shock emanated from t h e  

t h i r d  shock c e l l  as we1 1  as from t h e  second shock c e l l  o f  t he  shock 

25 p a t t e r n  o f  t h e  i n s t a b i l i t y  waves. From F ig .  4(b) i t  appears t h a t  t h e  
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source o f  t h e  shock wave emanates from approximately t h e  f o u r t h  shock c e l l  

accord ing t o  t h e  observed data f o r  t h a t  p a r t i c u l a r  j e t  nozzle.  Thus, F ig .  

4(b) can be used t o  determine t h e  appropr ia te  spacing between nozzles 

5 based upon t h e  mach speed which t h e  j e t  nozzle i s  t o  operate. 

F ig.  5 shows a second embodiment of t he  present  i n v e n t i o n  which 

i nvo l ves  a beveled nozzle 22  genera t ing  a m u l t i p l e  shock p a t t e r n  which i s  

approximately para l  l e l  t o  beveled nozzle 1 i p  24.  Thus, beveled nozz le  22 

r e d i r e c t s  t h e  mix ing  generated no ise  of the  acoust ic  wave toward an 

10 enc los ing  w a l l  t o  c o n t r o l  t he  form o f  the  acoust ic  wave and thereby 

achieve enhanced no ise  reduct ion .  The beveled nozzle p r e f e r a b l y  inc ludes  

i n t e r n a l  contours which prov ide  ex te rna l  r e p e t i t i v e  shock s t r u c t u r e  which 

i s  nea r l y  pa ra l  l e l  t o  the  1 i p  o f  beveled nozzle 22 i n  o rde r  t o  r e d i r e c t  

t h e  acoust ic  wave from downstream of nozzle 22 .  I n  t h i s  second embodi- 

15 ment, s ince  nozz le  22 i s  expected t o  generate i n s t a b i l i t y  waves, i t  i s  

p r e f e r a b l e  t h a t  a converging nozz le  operated a t  a h igh  pressure be used i n  

con junc t i on  w i t h  beveled l i p  24 of nozzle 22.  Thus, t h e  second embodiment 

o f  the  present  i nven t i on  mod i f ies  t h e  nozz le  opening shape t o  cause t h e  

n a t u r a l  i n s t a b i l i t i e s  o f  the  shear f low between t h e  nozz le  j e t s  and the  

2 0  surrounding a i r  t o  propagate a t  an angle ob l ique t o  t h e  j e t  a x i s  which 

would be l a r g e r  than t h a t  occu r r i ng  i n  the  p r i o r  a r t  j e t  nozzles. Th i s  

propagat ion o f  t he  na tu ra l  i n s t a b i l i t i e s  a t  an ob l ique angle f u r t h e r  

c o n t r i b u t e s  t o  the  enhanced mix ing  of the  h igher  and lower v e l o c i t y  a i r  

f lows,  f u r t h e r  decreasing the  e x i t i n g  noise. The proper  spacing between 

25 t h e  beveled nozzles t o  p rov ide  enhanced mix ing  can be determined by 
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c o l l e c t i n g  da ta  as described i n  t h e  f i r s t  embodiment o f  t h e  present  

i n v e n t i o n  w i t h  respect  t o  Figs. 3 and 4 .  

I n  a d d i t i o n  t o  t h e  s i n g l e  beveled nozzle 22, a  double beveled nozzle 

5 cou ld  a l so  be used which would have a converging 1  i p  forming a  pyramid 

shape and generate ex terna l  r e p e t i t i v e  shock s t ruc tu res  which are n e a r l y  

p a r a l l e l  t o  each beveled p o r t i o n  o f  t h e  nozzle 1 i p  i n  o rder  t o  r e d i r e c t  

t he  acoust ic  wave from downstream o f  the  nozzle. 

F ig .  6  shows a  t h i r d  embodiment o f  t he  present  i n v e n t i o n  which can 

10 a l so  be used t o  r e d i r e c t  the i n s t a b i l i t y  waves and prov ide  proper  phasing 

o f  t he  acoust ic  waves t o  produce enhanced mix ing  o f  t he  h igher  and lower 

v e l o c i t y  a i r  f lows.  I t  i s  preferable,  as shown i n  F ig .  6, t h a t  paddles 11 

are grouped i n  p a i r s  and placed i n  t h e  path o f  t he  h igher  v e l o c i t y  a i r  

f l o w  e x i t i n g  from t h e  nozzles fo r  each nozzle 2. Paddles 11 are a1 so 

15 p r e f e r a b l y  connected t o  the  top  and bottom o f  e j e c t o r  shroud 4 .  The j e t  

coherent s t r u c t u r e  i n t e r a c t s  w i t h  paddles 11 causing an acoust ic  feedback 

t o  the  nozzle 1  i p  which exc i tes  t h e  coherent s t r u c t u r e  and c loses t h e  

feedback loop.  A d d i t i o n a l l y ,  ob l ique propagation angle o f  t h e  i n s t a b i l i t y  

waves cou ld  a1 so be accompl ished by mounting paddles 11 a t  an angle w i t h  

20 respect  t o  t h e  j e t  ax i s .  The proper spacing between nozzle t o  p rov ide  

enhanced mix ing  can be determined by c o l l e c t i n g  data as descr ibed i n  t h e  

f i r s t  embodiment o f  t he  present  i nven t i on  w i t h  respect  t o  F igs.  3 and 4 .  

F i n a l l y ,  F ig.  7 shows a  four th  embodiment o f  t he  present  i nven t i on  

which inc ludes  a  beveled nozzle of  t he  second embodiment w i t h  paddles 11 

25 of t h e  t h i r d  embodiment where paddles 11 are p r e f e r a b l y  p a r a l l e l  t o  t h e  
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beveled l i p  o f  t he  nozzle. The use o f  obstac les i n  t h e  t h i r d  and f o u r t h  

embodiments o f  the  present  i nven t i on  i s  e s p e c i a l l y  impor tan t  when t h e  

nozzles do n o t  emi t  a  subs tan t i a l  amount o f  shock waves such as a  p rope r l y  

5 expanded shock f r e e  nozzle. I n  add i t ion ,  t he  use o f  t h e  obs tac les  causes 

t h e  sheer f l o w  i n s t a b i l i t y  waves t o  have a  propagat ion d i r e c t i o n  which i s  

ob l i que  t o  t h e  j e t  a x i s  so t h a t  t he  downstream acoust ic  waves generated by 

t h e  mix ing  process i s  more amenable t o  the  use o f  acoust ic  t reatment  which 

thereby enhances the  reduc t i on  of no ise  produced by t h e  m ix ing  o f  t he  

10 h ighe r  and lower v e l o c i t y  a i r  f lows.  

The many fea tures  and advantages o f  t he  i n v e n t i o n  are  apparent from 

t h e  d e t a i l e d  s p e c i f i c a t i o n  and, thus, i t  i s  intended by t h e  appended 

c la ims t o  cover a l l  such features and advantages o f  t h e  i n v e n t i o n  which 

f a l l  w i t h i n  t h e  t r u e  s p i r i t  and scope o f  t he  i nven t i on .  Fur ther ,  s ince 

15 numerous mod i f i ca t i ons  and changes w i l l  occur t o  those s k i l l e d  i n  t he  a r t ,  

i t  i s  no t  des i red  t o  l i m i t  t he  i nven t i on  t o  t h e  exact c o n s t r u c t i o n  and 

opera t ion  i 11 u s t r a t e d  and described, and, accord ingly ,  a1 1  s u i t a b l e  

m o d i f i c a t i o n s  and equ iva len ts  may be resor ted  t o  f a l l i n g  w i t h i n  t h e  scope 

o f  t he  i nven t i on .  
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Abst rac t  o f  t he  D isc losure  

JET MIXER NOISE SUPPRESSOR USING ACOUSTIC FEEDBACK 

5 The present  i nven t i on  genera l l y  r e l a t e s  t o  p r o v i d i n g  an improved j e t  

mixer  no ise  suppressor f o r  h igh  speed j e t s  t h a t  r a p i d l y  mixes h igh  speed 

a i r  f l o w  w i t h  a lower speed a i r  f low, and more p a r t i c u l a r l y ,  r e l a t e s  t o  an 

improved j e t  mixer  no ise  suppressor t h a t  uses feedback o f  acoust ic  waves 

produced by t h e  i n t e r a c t i o n  o f  sheer f l o w  i n s t a b i l i t y  waves w i t h  an 

10 obstac le  downstream o f  t he  j e t  nozzle.  
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