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SUMMARY 

The r e s u l t s  of approximately three  years of t h e o r e t i c a l  and experimental 
research e f f o r t  a r e  summarized for a large-scale two-dimensional and ai- 
symmetric i n l e t  system. 
ground of experimental information showing t h e  performance capab i l i t i e s  a t  Mach 
numbers from 0.6 t o  3.2.  The primary objectives were t o  invest igate  r e l a t i v e l y  
short  mixed-compression i n l e t  systems w i t h  low externa l  drag and t o  achieve 
high performance over the complete Mach number range w i t h  a minimum of engine- 
face d i s to r t ion .  
i n l e t  system performed as predicted, and t h a t  t h e  main d i f f i c u l t y  i n  achieving 
high performance lay  i n  the  throat and subsonic d i f fuse r .  
subsonic d i f fuse r s  appear p rac t i ca l  when vortex generators are employed 
downstream of t h e  throa t .  

A se r ies  of wind-tunnel t e s t s  have provided a back- 

The main conclusions are t h a t  the supersonic portion of the 

I n  addi t ion,  shor t  

INTRODUCTION 

Air-induction system research and development programs a t  A m e s  Research 
Center have primarily supported the supersonic t ranspor t .  
have a wide range of application t o  other supersonic a i r c r a f t .  
wind-tunnel t e s t s  f o r  large-scale two-dimensional and axisymmetric i n l e t  systems 
have provided a background of experimental information showing the performance 
capab i l i t i e s  over most of the  Mach number range up t o  3.0. The present paper 
is  intended a s  a b r i e f  summary o f  the  r e s u l t s  of approximately three  years of 
t heo re t i ca l  and experimental research e f f o r t .  

The results,however, 
A series of 

The programs were conceived t o  a t t a i n  three  major objectives.  The first 
objective was t o  invest igate  mixed-compression i n l e t  systems t h a t  were rela- 
t i v e l y  short  and had low external  drag i n  an attempt t o  minimize the  w e i g h t  and 
drag while maintaining high in te rna l  performance. 
achieve high in t e rna l  performance over the complete Mach number range, insuring 
m a x i m  vehicle performance not  only during c ru ise ,  but a l s o  during climb and 
accelerat ion.  Because t h e  engine-face d i s to r t ion  of short  i n l e t  systems i s  
usually large,  or unacceptable, t h e  t h i r d  object ive was t o  invest igate  means 
f o r  control l ing the d is tor t ion  t o  within acceptable l eve l s .  

The second objective was t o  

Sat isfactory performance of t he  supersonic t ranspor t  has demanded propul- 
s ion systems w i t h  light-weight high-performance i n l e t s .  
sophis t icated designs which employ high i n t e r n a l  contract ion supersonic 
d i f fusers  i n  combination w i t h  r e l a t ive ly  short  subsonic d i f fusers .  Figure 1 

This has led  t o  r a t h e r  
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I 

shows the  two-dimensional model mounted i n  the  test  sect ion of t he  supersonic 
wind tunnel.  ' It i s  designed f o r  a Mach number of 3.0 and i s  capable of perform- 
ing a t  off-design Mach numbers by opening the  throa t .  
having a 14- by 14-inch capture area,  and can be considered half  of a complete 
i n l e t  system feeding one engine. 
be present on an ac tua l  i n l e t  and a r e  pecul iar  t o  the  ramp and boundary-layer- 
bleed control  system of t h i s  model. 

The i n l e t  is  square, 

The external  protuberances would not normally 

Figure 2 shows the axisymmetric model mounted i n  t h e  tes t  sect ion of t he  
transonic wind tunnel. 
a 20-inch capture diameter and i s  capable of performing a t  off-design Mach 
numbers by t rans la t ing  t h e  centerbody. 
t he  i n l e t  are vortex generators which have controlled the engine-face d is tor -  
t i o n .  A s  mentioned f o r  t he  two-dimensional model, t he  external  protuberances 
a r e  pecul iar  t o  t h i s  model and would not normally be present on an ac tua l  i n l e t .  
Both models are as large as p r a c t i c a l  f o r  the tes t  f a c i l i t y  and can be con- 
s idered 1/4 t o  1/2 f u l l  scale .  
marily t o  determine the in t e rna l  performance and bleed requirements from Mach 
number 0.6 t o  3.2 at  angles of a t t ack  and s ides l ip  up t o  8'. 
number per foot  a t  Mach number 3.0 was about 2x10' which corresponds t o  t h e  
Reynolds number per  foot a t  65,000 feet .  

It i s  a l s o  designed f o r  Mach number 3.0. The model has 

The small protuberances v i s ib l e  ins ide  

The models were t e s t e d  i n  t h e  wind tunnel p r i -  

The Reynolds 

SYMBOLS 

D capture diameter, axisymmetric i n l e t  

bleed mass f l o w  mb 2 

free-stream mass flow 

% free-stream Mach number 

Pt2 t o t a l  pressure at engine face 
- 
Pt2 
Pt, free-stream t o t a l  pressure 

a angle o f  a t t ack  

area weighted average t o t a l  pressure a t  engine face 

p angle of s i d e s l i p  

TWO-DIMENSIONAL RESULTS 

Sa t i s fac tory  comparisons of two-dimensional and axisymmetric i n l e t s  a r e  
d i f f i c u l t  t o  make, and as  a consequence each i n l e t  w i l l  be discussed separately.  
Figure 3 is  a sketch of t he  two-dimensional model. 
i s  posit ioned by adjust ing. the height of t he  throat  ramp which can be 

The k r i a b l e  ramp assembly 
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d i f f e r e n t i a l l y  actuated fo r  optimization of t h e  area var ia t ion  i n  the  throa t  
region. The angle of t he  i n i t i a l  ramp compression surface is  f ixed a t  7 O .  The 
lower cowl surface can be t rans la ted  a f t ,  t o  t h e  posi t ion indicated,  f o r  opera- 
t i o n  a t  Mach numbers lower than about 1.75. This t r ans l a t ion  provides f o r  
e f f i c i e n t  external  compression and sp i l l age  a t  low off-design Mach numbers. 
Perforated ramp and side-wall surfaces allow the boundary layer  t o  bleed in to  
three compartmented zones located above the ramps and then through ducts t o  
control lable  exit plugs. Bleed flows from the  cowl and forward s ide  w a l l  are 
dumped d i r ec t ly  t o  the  outs ide airstream. 
the  simulated engine face.  Vortex generators, which w i l l  be discussed sub- 
sequently, have been located i n  the  throa t  region on the ramp and cowl surfaces,  
with eight on the  cowl and e ight  on the  ramp. 
vortex generators follows the  procedures of reference 1. 

Total  pressure rakes are located a t  

The de ta i led  design of the  

I n i t i a l  tests were completed on the  short  subsonic d i f fuse r ,  which repre- 
sen ts  an equivalent conical angle of about 9". The maximum turning angle of 
t h e  ramp surface was 25'. Design modifications, shown by the dashed l i n e s ,  
resu l ted  i n  a subsonic d i f fuser  which is  equivalent t o  a 7' conical  angle. 
With a slight increase i n  length, the ramp turning r a t e s  were reduced t o  a 
m a x i m u m  of 16'. 

Even though the  off-design performance is  important, t h e  design perform- 
ance i s  usual ly  more important. 
ance a t  Mach number 3.0 and zero angle of a t t ack  and s ides l ip .  
pressure recovery and d i s to r t ion  are p lo t t ed  as a function of boundary-layer- 
bleed mass-flow r a t i o .  
engine-face mass-flow r a t i o ,  which i s  merely t h e  difference between 1 and t h e  
boundary-layer-bleed mass-flow ra t io .  

Figure 4 ind ica tes  t h e  supercritical perform- 
Engine-face 

The more usual  abscissa  f o r  a supe rc r i t i ca l  p lo t  i s  

I n i t i a l  tests of t h e  two-dimensional i n l e t  model u t i l i z i n g  the short sub- 
sonic  d i f fuser  indicated that  f l o w  along t h e  ramp surface i n  the subsonic 
d i f fuse r  was separated. 
with a bleed mass-flow r a t i o  of about 13 percent with about 17-percent d i s tor -  
t i o n .  
with reduced turning angles on the ramp surface.  The modification resu l ted  i n  
a peak pressure recovery of about 88 percent with about l b p e r c e n t  bleed, but  
the  d i s to r t ion  l eve l s  were high, 12 t o  16 percent, because of flow separation 
on the subsonic ramp surface s imilar  t o  t ha t  experienced w i t h  the  shor te r  
d i f fuse r .  Since a d i s to r t ion  of 10 percent is  considered a nominal maximum, 
t h e  forced mixing pr inc ip le  employing vortex generators was invest igated f o r  
reducing the  d i s to r t ion .  The t e s t  r e s u l t s  show tha t  adding four  p a i r s  of vor- 
tex generators across t h e  w i d t h  of t h e  ramp side eliminated separated flow and 
reduced the  d i s to r t ion  t o  8 percent with a peak recovery of 90 percent.  Plat- 
ing  vortex generators on both the cowl and ramp fur ther  reduced the  d i s to r t ion  
t o  5 percent but  increased mixing losses  i n  the  flow near the cowl surface,  
and resul ted i n  a slight decrease i n  the maximum attainable recovery. The 
bleed mass-flow r a t i o  f o r  t h e  bleed configuration used i n  t h i s  series of tests 
increased from about 11.5 percent t o  about 14.5 percent as a r e s u l t  of the  
terminal  shock wave moving over the  porous bleed surfaces i n  the  throa t .  
dashed l i n e  is  the  envelope of peak performance f o r  other  bleed configurations.  
To avoid confusion the  supercr i t ica l  performance f o r  a l l  configurations was 

A total -pressure recovery of 87 percent was achieved 

The modified system, as mentioned previously, had a subsonic d i f fuse r  

The 
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not plot ted,  but t he  trade between peak performance and bleed appears t o  be 
about a 1-percent increase i n  pressure recovery f o r  1-percent increase i n  
b oundary-la ye r bleed . 

The ef fec t  of vortex generators on engine-face d is tor t ion  i s  f u r t h e r  
c l a r i f i e d  i n  f igu re  5.  
t he  engine face,  measured by a v e r t i c a l  center-l ine rake, f o r  t he  peak recovery 
conditions of t h e  previous figur.?. Without vortex generators t he  p r o f i l e s  f o r  
both the short  and modified i n l e t  a r e  highly d i s to r t ed .  Adding vortex genera- 
t o r s  on the  ramp side eliminated separation and improved the  p r o f i l e  mostly 
near t he  ramp s ide ,  leaving t h e  d i s tor t ion  near t h e  cowl s ide  much as it w a s .  
The addition of generators on t h e  cowl side improved the p r o f i l e  t o  the  point 
where the d is tor t ion  was reduced t o  about 3 percent. The vortex generator 
t e s t s  were l imited,  and fur ther  improvements might be possible.  

This s l i d e  presents total-pressure r a t i o  p r o f i l e s  a t  

The performance a t  angles of a t tack  and s i d e s l i p  has shown some in t e re s t -  
ing r e su l t s .  
and 2.3 f o r  the short  and modified i n l e t s .  A s  is  expected the  peak recovery a t  
angle of a t t a c k  i s  different  from the  recovery a t  angle of  s ides l ip ,  t h e  l a t t e r ,  
shown by the dashed curves, having the  lower recoveries. 
r e s u l t s  are t o  be noted. One i s  t h a t  the difference i n  recovery a t  angle of 
a t tack and s i d e s l i p  i s  considerably greater  a t  Mach number 3.0 than a t  2.5. 
The other point i s  tha t  t h e  i n l e t  with the short  subsonic d i f fuser  performs 
about as w e l l  as t h e  one with t h e  modified d i f fuser  a t  Mach number 2.3, but i s  
considerably poorer a t  Mach number 3.0 by 3 t o  6 percent. 
a r e s u l t  of t he  previously mentioned separated flow i n  the  subsonic d i f fuser  
which p e r s i s t s  o r  i s  aggravated with increase i n  angle of a t tack  and s ides l ip .  
A t  Mach number 2.5 o r  l e s s  the flow i s  attached. This accounts f o r  t h e  b e t t e r  
r e s u l t s  shown f o r  Mach number 2.5. 

Figure 6 shows the  peak pressure recoveries a t  Mach numbers 3.0 

Two in te res t ing  

This appears t o  be 

The f i n a l  data plot  f o r  t he  two-dimensional i n l e t  i s  shown i n  f igure 7. 
Pressure recovery and d is tor t ion  f o r  peak operating conditions a r e  p lo t ted  f o r  
a range of Mach numbers from 0.6 t o  3.0. 
Mach number of 1.3 because of t e s t  f a c i l i t y  r e s t r i c t i o n s  which l imited 
boundary-layer bleed t o  about 2 percent a t  t he  transonic Mach numbers. 
higher Mach numbers from 1.55 t o  3.0 t h e  bleed varied from about 7 t o  1 4  per- 
cen t .  Note t h a t  the cowl was  re t rac ted  for Mach numbers below 1.75 and t h e  
i n l e t  operated as an a l l  external  compression system, which probably accounts 
f o r  t he  change i n  trend of the d is tor t ion  i n  t h i s  Mach number range. The use 
of vortex generators on t h e  ramp reduced d is tor t ion  about 2 t o  4 percent 
throughout the Mach number range without s ign i f icant ly  a f fec t ing  engine-face 
pressure recovery. 
i n l e t .  

A break i n  t h e  curves occurs a t  a 

A t  t he  

A similar e f f e c t  will be shown la te r  f o r  t h e  axisymmetric 

MISYMMETRIC RESULTS 

Figure 8 shows quarter sect ion sketches of th ree  of t he  i n l e t  systems t h a t  
have been t e s t e d .  The upper querter section shows two of t h e  systems while t he  
lower section shows the t h i r d  system. I n  the upper quarter section one system 
i s  a rather  long 1.86 diameter system measured from t h e  l i p  t o  the  engine face; 



the  other  i s  a medium system 1.57 diameters long. Since t h e  supersonic 
d i f f u s e r  i s  the  same f o r  both of these systems, t he  subsonic d i f f u s e r  accounts 
f o r  t he  difference i n  length.  The shor t  i n l e t  system i n  the lower quar te r  sec- 
t i o n  i s  1.40 diameters lcng. The upper and lower supersonic d i f fuse r s  a r e  
almost the same length but d i f f e r  in  t h e i r  t h e o r e t i c a l  e f f i c i enc ie s  by about 
3 percent.  The upper i n l e t  is capable of a t h e o r e t i c a l  t h roa t  recovery of 
96.3 percent and represents  an e a r l i e r  design. 
a d i f fuse r  could be designed w i t h  99.3 percent t h e o r e t i c a l  recovery if  both the  
cowl contours and the  forward port ion of t h e  centerbody were curved from loo 
t o  15' ins tead  of being a s t r a igh t  l 2 . 5 O  cone as i n  t h e  earlier i n l e t  mentioned 
above. The main problem i n  both supersonic d i f fuse r s  has been t o  avoid 
boundary-layer separat ion due t o  shock-wave impingements. 

supersonic d i f fuse r s  were designed with t h e  aid of a computer program ( r e f .  2) 
employing t h e  method of cha rac t e r i s t i c s .  It has proved t o  describe accurately 
t h e  flow f i e l d .  A n  important consideration in a t r a n s l a t i n g  centerbody design 
is providing enough capture mass flow f o r  t h e  engine a t  off-design Mach num- 
bers .  
1.0 and s a t i s f y  t h e  demand of a se lec ted  tur3ofan engine. 
could s a t i s f y  a wide range of engines if a col laps ib le  centerbody were 
employed. 

Subsequent work revealed t h a t  

This requirement 
' tended t o  e s t a b l i s h  a lower l imi t  on inlet length of about t h a t  shown. Both 

These i n l e t s  supply about b - p e r c e n t  mass-flow r a t i o  a t  Mach nunber 
This type of inlet  

The model has provision fo r  removing t h e  boundary layer  through four  por- 
ous bleed areas ,  two on t h e  cowl and two on t h e  centerbody. The porous a reas  
are composed of holes d r i l l e d  normal t o  t h e  surface f o r  a maximum porosi ty  of 
about 40 percent.  The porous pa t t e rn  required by each i n l e t  could be a l t e r e d  
by f i l l i ng  some of the  holes. Each of t h e  four  a reas  has a separate  and con- 
t r o l l a b l e  exit. 
those f o r  t h e  centerbody are fur ther  downstream and a r e  not v i s i b l e  in t h e  f i g -  
ure. 
f o r  a given bleed configuration. 

The exits fo r  the cowl bleed a r e  i l l u s t r a t e d  in f igu re  8; 

By opening o r  c l o s b g  these exits, t he  bleed mass f l o x  could be varied 

With these supersonic d i f fuser  lines, th ree  subsonic d i f fuse r s  w e r e  
designed. The basic  a rea  d i s t r ibu t ions  follow a linear r a t e  of change of Mach 
number from t h e  end of the  throa t  region t o  the  engine face .  
which is  two th roa t  heights  long has about a 2' divergence between the  cowl 
and t h e  centerbody. 
bounkr j - l aye r  separat ion in t h i s  por t ion  of t he  inlet ,  something which was 
not sccomFlished i n  in i t ia l  t e s t s  (1963) employing a linear area  vs r i a t ion  
from the beginning of t h e  th roa t  region t o  t h e  engine face.  The equivalent 
conica l  angles of these  diffusers (measured from t h e  beginning of the  t h r o a t  
region t o  the  engine face)  a r e  zbout 1l0, UO, and 20' f o r  t h e  long, medium, 
and shor t  i n l e t  systems, respectively.  
generators located ju s t  downstream of t h e  th roa t  of t h e  snor t  and medium i n l e t  
systems. 
severa l  generator heights  showed t h a t  the  optirmun height w a s  zbout 20 percent 
of the th roz t  height .  For t h e  short  i n l e t ,  50 gerrerators were located on t h e  
centerbody and 63 on the  cowl. 
medim i n l e t  a r e  presented in reference 3 .  

The th roa t  region 

This method of design has proved e f f ec t ive  in preventing 

Also shown i n  the  f igu re  a r e  vortex 

The long i n l e t  was not t e s t e d  with vortex generators.  Tests  or" 

Additional details of t he  generators f o r  t h e  

Figure 9 compares t h e  peak gerformance a t t a ined  a t  various bleed mass- 
flow r a t i o s  f o r  t h e  three  i n l e t  systems j u s t  described a t  the  design Mach 
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ziixii5er cf 5.0 and a t  0' angle of a t tack .  
of 86 percent with 13-percent bleed was a t t a ined  with about 10-percent engine- 
face d i s t o r t i o n .  
sonic  diffuser with a l i n e a r  a rea  va r i a t ion .  
percent were measured in t h e  th roa t ,  t h e  main losses i n  performance l a y  in t h e  
subsonic d i f fuse r .  This d i f f u s e r  had an i n i t i a l  r a t e  of expansion tha t  was t oo  
rap id  causing separat ion and preventing attainment of higher recoveries .  This 
l e d  t o  the  design shown f o r  the  long i n l e t  whereby t h e  ini t ia l  rate of expan- 
s ion  was reduced preventing separation. This improved the performance t o  the 
poin t  where a l i t t l e  over 90-percent recovery wlth about U-percent  bleed was 
a t t a ined .  The engine-face d i s t o r t i o n  was about 10 percent and was the  lowest 
d i s t o r t i o n  tha t  c o u d  be a t t a ined  with this d i f fuse r  which did not employ vor- 
tex generators.  
was t h e  d i s t o r t i o n  lowered t o  about 6 o r  7 percent ,  but  t he  l e v e l  of recovery 
increased approximately 1 percent so t h a t  91-percent recovery was attained with 
about l l -percent  bleed. 
t r i b u t i o n  of the flow energy induced by the  vortex generators.  
inlet  with t h e  shor t e s t  subsonic d i f f u s e r  bu t  with a 3 percent more e f f i c i e n t  
supersonic d i f fuser ,  the  recovery l e v e l  increased about 2 percent over t he  
bleed range ind ica ted  so t h a t  almost 93-precent recovery with l l -percent  b leed  
resulted. 
the medium length inlet, probably because of the  shor t e r  subsonic d i f f u s e r .  

For the ini t ia l  t e s t s  a peak recovery 

As mentioned previously,  t h i s  i n l e t  system employed a sub- 
Since recoveries  as high as 97 

With t h e  medium inlet  employing vortex generators ,  not only 

This l a t t e r  r e s u l t  i s  a t t r i b u t a b l e  t o  the b e t t e r  dis- 
With t h e  shor t  

However, the  d i s t o r t i o n  l e v e l  was about 3 percent higher than f o r  

Because the high l e v e l s  of recovery shown for the shor t  inlet have hereto- 
f o r e  been udmown at a Mach number of 3.0, the s u p e r c r i t i c a l  performance was 
examined c a r e m y  and is shown in figure 10. 
ery and distortion have been reduced about 50 percent. 
f l o w  ere represented, an open, intermediate,  and r e s t r i c t e d  bleed. 
through the two areas in the supersonic diffiser was held constant a t  3.5 per- 
cent ,  and the t o t a l  level of bleed was therefore  regulated e n t i r e l y  by the 
adjustment of the two  th roa t  bleed exit settings. (The "uns ta r t "  angle of 
a t t a c k  ind ica ted  on the recovery p l o t  is  explained in the next paragraph.) Thk 
inlet  system is  capable of  recoveries of  93, 92, and 90 percent with bleed mass 
flow of  about 12, 9.5, and 7.5 percent,  respect ively.  Notice that limiting t h e  
throst bleed progressively limits the s u p e r c r i t i c a l  bleed mass-flow range from 
about 4 percent f o r  the open bleed t o  about 1.5 percent f o r  t h e  r e s t r i c t e d  
bleed. 
the use fu l  s u p e r c r i t i c a l  range. 
point  where the terminal shock wave leaves the bleed area in the  th roa t  region 
and -her movement downstream does not change t h e  bleed mass flow. The dis- 
t o r t i o n  under these conditions c a n  be q u i t e  high, 40 percent o r  greater. 

Note that the sca l e s  f o r  recov- 
Three levels of  bleed 

The bleed 

In addi t ion ,  t he  d i s t o r t i o n  remains a t  o r  below about 10 percent over 
The knee o f  t h e  recovery curves represents  t h e  

Most axisymmetric mixed-compression i n l e t s  have been s e n s i t i v e  t o  s m e l l  
angle-of-attack changes caused by disturbances,  such as gusts;  that is, t h e  
i n l e t s  unstart e a s i l y  Kith small chenges in flow angle.  
i l y  true f o r  these i n l e t s .  ESramples of  the uns t a r t  s e n s i t i v i t y  t o  flow angle 
a t  various operat ing points  a r e  shown on the curve f o r  t h e  intermediate bleed 
s e t t i n g .  With the shock wave in i t s  most forward pos i t ion ,  and without chang- 
Fng the inlet  geometry, t h e  i n l e t  can be pi tched only 1/2O before it unstarts, 
but  if the  performance is degraded 2 or  3 percent,  as it would m r m i i y  be for 
a p r a c t i c a l  operating condition, 2 O  o r  3 O  of flow angle can be t o l e r a t e d .  
is  with the inlet  centerbody i n  t h e  pos i t i on  f o r  which t h e  t h r o a t  Mach number 

This is  not  necessar- 

This 
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is  about 1.2. It 
should be noted t h a t  t he  performance indicated a t  t h e  operating points  does not 
represent the  performance a t  the  uns t a r t  angles of a t t ack .  The performance i s  
always something l e s s  a t  angle of a t tack .  
comparable peak recoveries and the d i s to r t ion  a r e  p lo t t ed  a s  functions of f l o w  
angle f o r  t h e  three  i n l e t  systems. Each system exhib i t s  i t s  own p e c u l i a r i t i e s  
and a t rend  i s  not c l ea r  from the r e su l t s .  
duces the  highest  recovery a t  5 O  and 80, a r e s u l t  which one might not expect. 
I n  addition, t he  d i s to r t ion ,  even though it i s  high, is no worse than t h e  
medium length inlet  a t  these same angles, and perhaps t h e  generally lower dis- 
t o r t i o n  of t h e  long i n l e t  can be a t t r i bu tab le  t o  i t s  longer length.  
recovery f o r  the  short  i n l e t ,  however, drops more rap id ly  from Oo t o  2 O  than 
e i t h e r  of t he  o ther  two systems sharing the  same supersonic d i f fuser .  This 
would seem t o  indicate  the  supersonic d i f fuser  has an important influence on 
t h e  angle-of-attack performance. 

With higher throat  Mach numbers more tolerance is  expected. 

This is  shown i n  f igure  11 where 

The shor t  i n l e t ,  f o r  instance,  pro- 

The 

The three  i n l e t  systems have performed well  over t h e  complete Mach number 
C r i t i c a l  recovery and the accompanying d i s to r t ion  a r e  shown i n  f ig -  

The r e s u l t s  from Mach 
range. 
ure  12 t o  be comparable from Mach number 0.6 t o  3.2. 
number 0.6 t o  1.2 are optimum for a selected turbofan engine; t h a t  is, t h e  net  
t h r u s t  minus the  addi t ive drag has been optimized t o  provide r e a l i s t i c  as w e l l  
as comparable r e su l t s .  The long and medium systems have shown about t h e  same 
recovery capab i l i t i e s  but t he  d is tor t ion  of  t h e  medium length i n l e t  is gener- 
a l l y  lower. This indicates  t ha t  t h e  vortex generators are e f f ec t ive  through- 
out t h e  Mach number range even when (at  other than t h e  design Mach number) they 
are much displaced from t h e  design posi t ion i n  which t h e  cowl and centerbody 
generators are opposite one another. 
recovery but a t  severa l  percent increase a t  t he  higher Mach numbers. 
t o r t i o n  i s  generally lower than tha t  of t h e  long i n l e t .  
recovery a t  Mach number 2.9 f o r  the  short  i n l e t  i s  d i f f i c u l t  t o  explain.  
was not detected i n  t h e  tests of t h e  other  two configurations but may a l so  have 
been present. The points  a t  M, = 3.2 a re  overspeed conditions f o r  t h e  i n l e t s ;  
t h a t  i s ,  t he  results a t  M, = 3.2 were obtained with the  Mach number 3.0 geom- 
etry se t t ings ,  which accounts f o r  t he  rapid de te r iora t ion  of t he  d i s to r t ion  
and recovery. 

The short  i n l e t  shows a similar t rend  o f  
The dis-  

This 
The pecul iar  d ip  i n  

CONCLUDING REMARKS 

The main conclusions t o  be drawn from the  present summary f o r  t he  two- 
dimensional and axisymmetric i n l e t  systems a r e  t h a t  t he  supersonic port ion of 
t he  i n l e t  systems performed a s  predicted, and t h a t  t he  main d i f f i c u l t y  i n  
achieving high performance lay  i n  t h e  proper design of  t h e  throa t  and subsonic 
d i f fuser .  Also, short  subsonic d i f fusers  appear feasible when vortex genera- 
t o r s  a r e  employed downstream of the th roa t .  
order t o  achieve t h e  highest  performance a nearly isentropic  supersonic d i f fuser  
must be employed which requires complete contouring of both the  cowl and 
centerbody. 

I n  addition, it appears t h a t  i n  
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TWO-DIMENSIONAL INLET MODEL 
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Figure 2 A-34092.1 



; 

TWO- DIMENSIONAL INLETS 

VARIABLE 
RAMPS 

LI."I I.L 

TRANSLATION 

*- a 
W > 
W a: 
8 

MODIFIED \ 
. . - -. . 

THE0 REC = 0.94 

VORTEX 
GENERATORS 

(V.G.) 

Figure 3 

T WO-DIM EN SlONAL INLETS, SUPERCRITICAL PERFORMANCE 
~ ~ ' 3 ,  a = p o o  

-92 - 

.88 - 

/ 

.84 - 

30- I 

MODIFIED INLET 

0 RAMP V.G. 
0 RAMP AND COWL V.G. 
A WITHOUT V.G. .30 - 

zcu 
2 la' 

.?6 I I I 0' 1 I I 

.IO .I2 .I4 .I6 .IO .I2 .I4 .I6 
BLEED MASS -FLOW RATIO, BLEED MASS - FLOW RATIO, 

mbl /ma m b l / m a  

Figure 4 



TWO-DIMENSIONAL INLETS, EFFECT OF VORTEX GENERATORS 
M,=3, U=B=Oo 

IO - 

C .- 8 
+- 
12 
1 6  

I 
w 

w 4  

E 
0 

I 
(3 

W 
2 2  

0 
.00 .84 .80 .92 .96 
TOTAL-PRESSURE RATIO, Pt,/Ptm 

MODIFIED INLET 

RAMP V.G. 
RAMP AND COWL V.G. 
WITHOUT V.G. 

SHORT INLET 

Figure 5 . 

TWO-DIMENSIONAL INLETS, PEAK PERFORMANCE WITH FLOW ANGLE 

-96 - 
e c 

IF .92 - 
3 
B .88L 
8 

>- 

. 92 -  
W 

3 
a 

a n 

c .84- 

1 .88- 

W 
0 

I a z 
W 

.80 L 
-4 

Mmx2.5 T 

I I 

-2  0 2 4 6 
I 

FLOW ANGLE, deg 

MODIFIED INLET 
WITH RAMP V.G. 

SHORT INLET 
WITHOUT V.G. 

ANGLE-OF-ATTACK, 
ANGLE-OF-SIDESLIP, B 

Figure 6 



TWO- DI MEN SI ON A L INLETS, OFF-DES IGN PERFOR M ANCE 
a.8.00 

& ? h i  

s y  
*- .90 - MODIFIED INLET 

W E  

5 s  A WITHOUT V.G. 
0 RAMP V.G. 

a y  
$ E  .80L I I I I I I 

" 
.6 I .o I .4 1.8 2.2 2.6 3.0 

FREE-STREAM MACH NO. M a  

Figure 7 

AXlSYM M ETRlC INLETS 

(LONG) I . 8 6 q y l  

VORTEX 
(MEDIUM) 1.57 D 

(SHORT) 1.40D 
ENGINE 

FACE 

Figure 8 

' .  168 



.94 - 

.86 
.06 
BL 

AXISYMMETRIC INLETS, PEAK PERFORMANCE 
Ma=3, CZ= Oo 

TESTS 

I I I\. 
.08 .IO .I2 

.€ED MASS-FLOW RAl 

0 SHORTINLET 

0 MEDIUM INLET 

A LONG INLET 

WITH V.G. 

WITH V.G. 

zcu WITHOUT V.G. e,: -16- 

I I a h  
Z cu.04L I 

.I4 & .06 .08 .Ib .1'2 .I4 
'IO. BLEED MASS-FLOW RATIO, 

Figure 9 

SHORT AXISYMMETRIC INLETS, SUPERCRITICAL PERFORMANCE 
M a = 3 ,  O=Oo 

-96 - UNSTART Q = lo THROAT BLEED 

.92 - 
I 

.88 - 

.84 - 

.80L ' I I I 

.06 .08 .IO .I2 .I4 
BLEED MASS-FLOW RATIO, 

bl /ma 

EXIT SETTING 
0 OPEN 

RESTRICTED 
.30 - Q INTERMEDIATE 

.20 - 

.IO - 

0' 1 I I I 
.06 .08 .IO .I2 .I4 

BLEED MASS-FLOW RATIO, 
mbl/mm 



AXISYMMETRIC INLETS, PEAK PERFORMANCE WITH FLOW ANGLE 
Ma: 3 

I 

0 SHORT INLET 
WITH V.G. 

MEDIUM INLET 
WITH V.G. 

A LONG INLET 
WITHOUT V.G. 

.oo 

.90 

.80 

.70 

.60 I 1 ' 4  
0 2 4 6 8  

FLOW ANGLE, a ,  deg 

Figure 11 

I 

0 2 4 6 8  
FLOW ANGLE, 0 ,  d q  

AXISYMMETRIC INLETS, OFF-DESIGN PERFORMANCE 
a =o  

I 

SHORT INLET 
WITH V.G. 

MEDIUM INLET 
,WITH V.G. 
LONG INLET 

WITHOUT V.G. 

FREE-STREAM MACH NO, M a  

figure 12 

-- 170 
I .  

l -  


