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NATIONAL ADVISORY C O M M I m  FOR AERONAUTICS 

RESEARCH MEMORANDUM 

INVESTIGATION OF ADJUSTABU SUPERSONIC INLET I N  COMBINATION 

By J.  C . Nettles and L. A .  L e i s s l e r  

SUMMARY 

An a n n u l a r  nose  i n l e t  equipped w i t h  a r e m o t e l y  c o n t r o l l e d  t r a n s -  
l a t i n g  s p i k e  a.nd v a r i a b l e  bypass w a s  i n v e s t i g a t e d  i n  the  Lewis 8- by  
6 - foo t  s u p e r s o n i c  wind t u n n e l .  The i n l e t  performance was s t u d i e d  b o t h  
w i t h  the  a i r  f low c o n t r o l l e d  by an ope ra t ing  534 engine  and w i t h  the  
eng ine  s i m u l a t e d  by a choked p l u g .  The c o n f i g u r a t i o n  was i n v e s t i g a t e d  
a t  s u p e r s o n i c  Mach numbers from 1 . 7  t o  2.0 and a t  subson ic  speeds  of 
approx ima te ly  Mach z e r o  and 0.6. 

The r e s u l t s  o f  the  i n v e s t i g a t i o n  ind ica t ed  t h a t  w i t h  t h e  eng ine  
o p e r a t i n g  a t  maximum rpm the d i f f u s e r  could be main ta ined  c r i t i c a l  by 
u s e  o f  e i t he r  the  bypass or the t r a n s l a t i n g - s p i k e  t echn ique  th roughou t  
the s u p e r s o n i c  Mach number r ange  i n v e s t i g a t e d .  With t h i s  p a r t i c u l a r  
des ign  f o r  s p i k e  t r a n s l a t i o n ,  the  i n l e t  had high p r e s s u r e  r e c o v e r y  f o r  
a l l  s p i k e  p o s i t i o n s  where t h e  c o n i c a l  shock i n t e r c e p t s  t h e  cowl l i p .  
The highest p r e s s u r e  r e c o v e r y  was observed for  the  c o n d i t i o n  where the 
o b l i q u e  shock  w a s  t he  fa r thes t  ahead o f  the  l i p .  I n  g e n e r a l ,  t h e  eng ine  
e x h i b i t e d  a s t a b i l i z i n g  i n f l u e n c e  on the i n l e t .  The r a n g e  of u n s t a b l e  
o p e r a t i o n  and the observed i n t e n s i t y  o f  p u l s i n g  were less w i t h  the a c t u a l  
eng ine  t h a n  w i t h  the e x i t  p l u g .  
c e r t a i n  zones  of i n s t a b i l i t y  wi thou t  d i f f i c u l t y ,  whereas w i t h  the choked 
ex i t  the  ampl i tude  o f  p u l s i n g  b u i l t  u p  t o  a v i o l e n t  l e v e l  when a t r a v e r s e  
th rough  the  p u l s i n g  zone was a t t empted .  

The engine cou ld  be ope ra t ed  th rough  

INTRODUCTION 

Opera t ion  o f  a t u r b o j e t  eng ine  ove r  a r a n g e  of supe r son ic  f l i g h t  
speeds  requires t h a t  the i n l e t  i n c o r p o r a t e  an  independent  meaqs o f  air  
f l o w  c o n t r o l  i n  o r d e r  t o  ma in ta in  p r e s s u r e  r e c o v e r y  and t o  a.void subson ic  
a d d i t i v e  d r a g  p e n a l t i e s  ( re f .  1). 
f l o w  is by means o f  a bypass th rough  which air n o t  r e q u i r e d  by the eng ine  
can be d i s c h a r g e d  ( r e f .  2 ) .  Variable air f l o w  can  a l s o  be obta . ined i n  a 
c o n i c a l  i n l e t  by t r a n s l a t i n g  the  s p i k e  t o  c o n t r o l  t h e  amount o f  air  t aken  
i n  a t  the  d i f f u s e r  cowl ( re f .  3 ) .  

One method o f  p r o v i d i n g  v a r i a b l e  a i r  
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An a d d i t i o n a l  a s p e c t  of the  combinat ion o f  d i f f u s e r  and t u r b o j e t  
engine is t h e  p o s s i b i l i t y  o f  an i n f l u e n c e  o f  the  eng ine  on the f l o w  
s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  d i f f u s e r .  The e f f e c t i v e  s t o r a g e  vol.ume 
o f  t h e  eng ine ,  the f r i c t i o n  damping developed i n  the compressor ,  and the  
p r e s s u r e - r i s e  - volume-flow and s u r g e  character is t ics  o f  t he  compressor  
i t s e l f  a l l  e n t e r  i n t o  the dynamic f l o w  system. 

I n  o r d e r  t o  o b t a i n  an expe r imen ta l  e v a l u a t i o n  o f  these v a r i o u s  prob-  
l e n s ,  a t r a n s l a t i n g  cone i n l e t  equipped w i t h  a bypass a.rrangement w a s  
c o n s t r u c t e d  f o r  a 534 eng ine .  
i s t i c s  o f  the  i n l e t - e n g i n e  combinat ion are p r e s e n t e d  f o r  v a r i o u s  s p i k e  
p o s i t i o n s  and bypass openings f o r  t he  r ange  o f  Mach numbers up  t o  2 .0 .  
The i n v e s t i g a t i o n  was conducted i n  the Lewis 8- b y  6 - foo t  t u n n e l  d u r i n g  
March, 1954. 

P r e s s u r e  r e c o v e r y  and matching  character- 
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SYMBOLS 

The f o l l o w i n g  symbols are used  i n  t h i s  r e p o r t :  

f l o w  area, sq f t  

c o w l - i n l e t  c a p t u r e  area 

r e f e r e n c e  area, de f ined  b y  c o m p r e s s o r - i n l e t  d i ame te r  

h y d r a u l i c  d i ame te r  a t  cowl e n t r a n c e ,  

Mach number 

Mach number a t  which c o n i c a l  shock i n t e r s e c t s  cowl l i p  

t o t a l  p r e s s u r e ,  abs 

l o c a l  t o t a l  p r e s s u r e ,  a b s  

a i r  f l o w  measured a t  s t a t i o n  2 ,  lb/sec 

a i r  f l o w  measured a t  compressor  f a c e ,  lb/sec 

e n g i n e  r o t a t i o n a l  speed 

r a t e d  eng ine  r o t a t i o n a l  speed ,  12,500 r p m  

t o t a l  t empera tu re ,  a.bs 

P/NACA s t a n d a r d  s e a - l e v e l  a b s o l u t e  p r e s s u r e  

T/NACA s t a n d a r d  s e a - l e v e l  a b s o l u t e  t e m p e r a t u r e  

*A1 
we t t ed  perimeter 
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S u b s c r i p t s  : 

x ax ia l  s t a t i o n  

0 f ree  stream 

1 cowl i n l e t  

2 ahead o f  bypass 

" 7 campresscr f a c e  

P h y s c i a l  c o n s t a n t s  : 

A = 1.658 sq f t  

Ar = 2 .41  s q  ft  

A1 = 1.03 sq f t  a t  % = 2.4 ,  and 1.38 sq f t  a t  I$, = 1.58 

C 

A2 = 1 .52  Sq f t  

A = 2.05  sq f t  

D 

3 

e = 7.29 i n .  a t  MD = 2.4 ,  and 11.05 i n .  a t  I$, = 1.58 

APPARATUS AND INSTRUMENTATION 

D e s c r i p t i o n  of  Model 

The g e n e r a l  l a y o u t  o f  the n a c e l l e  w i th  t he  534 eng ine  and the  a i r  
i n l e t  are shown i n  figure 1. The normal complement of  eng ine  a c c e s s o r i e s  
w a s  removed i n  o r d e r  t o  achieve a minimum of f r o n t a l  area. The b lockage  
a.rea. o f  t he  n a c e l l e - s t r u t  combinat ion w a s  f u r t h e r  reduced  by mounting 
the n a c e l l e  o f f  the  t u n n e l  c e n t e r  l i n e .  Fuel  supp ly ,  o i l  supp ly ,  and 
o i l  scavenge  l i n e s  were r u n  through t h e  suppor t  s t r u t  t o  pumps l o c a t e d  
e x t e r i o r  t o  the  t u n n e l .  The eng ine  t a i l  p ipe  was c y l i n d r i c a l  t o  1 d i -  
ameter downstream of the  t u r b i n e  t a i l - c o n e  f a i r i n g  where it w a s  t e r m i -  
n a t e d  by a conve rgen t  nozz le .  The starter w a s  r e t a i n e d  on the  eng ine ,  
and a p u l s e  g e n e r a t o r  type of  ta.chometer pickup was i n c o r p o r a t e d  i n  t h e  
starter d r i v e  t o  permit  measurement o f  t h e  eng ine  r e v o l u t i o n s .  

A c o n f i g u r a t i o n  c o n s i s t i n g  o f  a f r o n t  compressor  hous ing  and an  
i n t e r n a l l y  mounted v a r i a b l e - a r e a  p l u g  was i n s t a l l e d  w i t h  t h e  d i f f u s e r  
f o r  one series o f  r u n s  i n  o r d e r  t o  establish the s t a b i l i t y  l i m i t s  of 
t he  d i f f u s e r  w i t h  a c o n f i g u r a t i o n  t h a t  was typ ica l  o f  a co ld - f low wind- 
t u n n e l  model.  T h i s  c o n f i g u r a t i o n  a l s o  permi t ted  a c a l i b r a t i o n  t o  be 
made f o r  the  d i f f u s e r - a i r - f l o w  measur ing  s t a t i o n s  by u s i n g  the  choked- 
p l u g  t e c h n i q u e .  
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I n l e t  Design 
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The i n l e t  w a s  des igned  f o r  t r a n s l a t i o n  o f  the  cone  as sugges t ed  i n  
r e f e r e n c e  3. 
angle  cone made it p o s s i b l e  t o  con tour  the subson ic  d i f f u s e r  such  t h a t  
an  a rea .  v a r i a t i o n  e s s e n t i a l l y  e q u i v a l e n t  t o  a 6' t o t a l - a n g l e  cone  w a s  
obtained a t  t h e  forward s p i k e  p o s i t i o n  and i n t e r n a l  c o n t r a c t i o n  d i d  n o t  
occur a t  the  a f t  s p i k e  p o s i t i o n .  The forward s p i k e  p o s i t i o n  would be a 
design i n  which t h e  c o n i c a l  shock i n t e r s e c t s  the cowl l i p  a t  a. Mach 
number o f  2 .4 ,  whereas f o r  the a f t  s p i k e  p o s i t i o n  the shock i n t e r s e c t i o n  
would occur  a t  a Mach number o f  1.58. 

A combinat ion o f  a 17' i n t e r n a l  cowl a n g l e  and a 25' half-  

The cen te rbody  con tour  inc luded  a c y l i n d r i c a l  s e c t i o n  i n  the v i c i n i t y  
of the suppor t  s t r u t s .  A t e l e s c o p e  j o i n t  a t  t h i s  p o i n t  a l lowed t h e  f r o n t  
s e c t i o n  t o  be moved r e l a t ive  t o  t he  rear s e c t i o n .  Remote o p e r a t i o n  of  the 
cone p o s i t i o n  w a s  accomplished by a screw j a c k  mounted w i t h i n  the  c e n t e r -  
body. The area v a r i a t i o n s  f o r  t he  forward and a f t  s p i k e  p o s i t i o n s  are 
given i n  f i g u r e  2 .  
in format ion  p r e s e n t e d  i n  r e f e r e n c e  4, which i n d i c a t e s  t h a t  t h i s  c o n f i g -  
u r a t i o n  has a s t r o n g  tendency  t o  buzz  i n  the s u b c r i t i c a l  r e g i o n  and 
t h e r e f o r e  would emphasize t h e  e f fec t  o f  c o u p l i n g  an  eng ine  t o  the d i f f u s e r .  

The 6' area v a r i a t i o n  was chosen on the basis o f  the  

The bypass  air w a s  b l e d  th rough  t h e  o u t e r  w a l l  o f  t h e  s u b s o n i c  d i f -  
f u s e r  by a series o f  equally spaced l o n g i t u d i n a l  s l o t s  which were con- 
nected t o  t h e  c a v i t y  between the d i f f u s e r  w a l l  and t he  n a c e l l e  s k i n .  
The f l o w  o f  bypass a i r  was c o n t r o l l e d  by a h inged  door  mounted i n  the 
n a c e l l e  s k i n  and a c t u a t e d  b y  a screw j a c k  l o c a t e d  i n  t h e  s u p p o r t  s t r u t .  

The c o w l - i n l e t  c a p t u r e  area was purpose ly  made l a r g e r  t h a n  r e q u i r e d  
f o r  t h e  eng ine  a i r  f l o w  a t  a Mach number o f  2 .0  i n  o r d e r  t o  permit i n -  
v e s t i g a t i o n  o f  the f u l l  r a n g e  o f  f l e x i b i l i t y  a f f o r d e d  by the combinat ion 
o f  t r a n s l a t i n g  s p i k e  and v a r i a b l e - a r e a  bypass. 

T o t a l  and s t a t i c  p r e s s u r e s  w e r e  measured ahead o f  the  b l e e d  s l o t s  

Bypass a i r  f low w a s  de te rmined  b y  t a k i n g  
and a t  the compressor  f a c e  t o  de t e rmine  p r e s s u r e  r ecove ry ,  e n g i n e  air  
flow, and d i f f u s e r  a i r  f low.  
the d i f f e r e n c e  between the two measur ing  s t a t i o n s .  An a d d i t i o n a l  
de t e rmina t ion  o f  the air f l o w  w a s  made f o r  the dummy eng ine  r u n s  by 
m e a n s  of the  p l u g  area and t h e  s ta t ic  p r e s s u r e  ahead o f  the  p l u g .  A l l  
d i f f u s e r  p r e s s u r e s  were measured by the NACA D i g i t a l  Automatic M u l t i p l e  
P r e s s u r e  Recorder .  P u l s a t i n g  f l o w  was d e t e c t e d  by a p r e s s u r e  t r a n s d u c e r  
a t  t h e  compressor  i n l e t  and by o b s e r v a t i o n  o f  t he  s c h l i e r e n  a p p a r a t u s .  

RESULTS AND DISCUSSION 

The performa.nce of the i n l e t  w i t h  t he  v a r i a b l e - a r e a  p l u g  configura.-  
t i o n  is p resen ted  i n  figure 3. I n  c e r t a i n  o f  the cu rves  a zone o f  
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i n s t a b i l i t y  fo l lowed  by a r e g i o n  o f  s t a b l e  f l o w  is i n d i c a t e d  rather t h a n  
the u s u a l  minimum s t a b l e  f low.  
e s t a b l i s h  these r a n g e s  o f  s table  f low.  The o u t l e t  f l o w  area w a s  reduced  
t o  i t s  minimum w i t h  t h e  s p i k e  i n  i t s  r e t r a c t e d  p o s i t i o n .  
t h e n  extended u n t i l  e i ther  the  f l o w  became u n s t a b l e  o r  the d e s i r e d  s p i k e  
p o s i t i o n  was r e a c h e d .  If the  d e s i r e d  sp ike  p o s i t i o n  could  be se t ,  the 
f l o w  was t h e n  i n c r e a s e d  u n t i l  p u l s a t i o n  was encountered .  Both l i m i t s  
cf the  mstab le  z x e  were r e p r o d u c l b l e  t3 e s s e n t i a l l y  the sane d e g r e e .  
The p u l s a t i o n  ampl i tude  tended  t o  b u i l d  up  r a p i d l y  w i t h  o n l y  s l i g h t  
changes of  o u t l e t  area. An attempt t o  i'orce the  d i f f u s e r  t h rough  a zone 
of i n s t a b i l i t y  a t  M of 1 . 9  kxs termina ted  because  o f  the v i o l e n t  
p u l s a t i o n s  encoun te red .  

A s p e c i a l  t e c h n i q u e  was u t i l i z e d  t o  

The s p i k e  was 

0 

The c o r r e c t i i r e  a c t i o n  t h a t  should  be  a p p l i e d  t o  avo id  p u l s i n g  as 
far as the  a i r  f l o w  is  concerned depends on whether the  u n s t a b l e  zone i s  
approached from the  h igh -a i r - f low o r  the low-a i r - f low c o n d i t i o n .  For 
the c a s e  where % i s  e q u a l  t o  o r  l e s s  than %, t he  p u l s a t i o n  can 
always be s t o p p e d ,  however, by r e t r a c t i n g  the  s p i k e .  I n  o t h e r  words,  
the  c o r r e c t i v e  a c t i o n  for  the t r a n s l a t i n g  s p i k e  is  the same i r r e s p e c t i v e  
o f  how the c o n d i t i o n  w a s  encountered .  

The per formance  of the subson ic  p o r t i o n  o f  the  d i f f u s e r  i s  p r e s e n t e d  
i n  figure 4 f o r  the c o n d i t i o n  o f  c r i t i c a l  f l o w  and w i t h  t h e  s p i k e  p o s i -  
t i o n e d  for t he  o b l i q u e  shock t o  i n t e r s e c t  t he  cowl l i p  f o r  each f ree-  
s t r e a m  Mach number. 
p u t e d  i n  each c a s e  f o r  s u p e r s o n i c  compression th rough  one o b l i q u e  and 
one normal shock .  
d i f f u s e r  i s  no ted  a t  i n t e r v a l s  a l o n g  the cu rve .  The e n t r a n c e  Mach num- 
ber i n d i c a t e s  tha t  even though the performance o f  t h e  subson ic  d i f f u s e r  
i s  g e n e r a l l y  good t h e  l o s s e s  i n c r e a s e  r a p i d l y  w i t h  i n c r e a s i n g  e n t r a n c e  
Mach number. Inasmuch as t r a n s l a t i o n  of the s p i k e  a l s o  changes t h e  
subson ic  d i f f u s e r  area v a r i a t i o n ,  t h e r e  is  undoubtedly a combined e f f e c t  
o f  Mach number and area v a r i a t i o n  on t h e  observed l o s s e s .  

The t o t a l  p r e s s u r e  e n t e r i n g  the d i f f u s e r  was com- 

The ave rage  Mach number o f  t h e  f low e n t e r i n g  t h e  

The i n l e t  i n  combinat ion w i t h  t h e  engine was ope ra t ed  a t  subson ic  
Mach numbers o f  e s s e n t i a l l y  z e r o  and 0 . 6 .  Data f o r  these r u n s  are pre- 
s e n t e d  i n  f i g u r e  5. Inc luded  on figure 5 are cu rves  o f  the  e s t i m a t e d  
performance o f  a s h a r p - l i p  i n l e t  by the method o f  r e f e r e n c e  5. I n  gen- 
eral ,  the per formance  o f  the  i n l e t  a t  t h e  t a k e - o f f  c o n d i t i o n  w a s  be t t e r  
t h a n  i s  p r e d i c t e d  by the t h e o r y  f o r  s h a r p - l i p  cowls .  The observed 
d e v i a t i o n  between t h e o r y  and exper iment  might w e l l  be caused  b y  t h e  
f ac t  t h a t  the cowl l i p  was n o t  i d e a l l y  sharp  and a l s o  the  forward  ve- 
l o c i t y  was n o t  z e r o  b u t  w a s  approximately 100 f e e t  p e r  second.  The g a i n  
i n  per formance  due  t o  opening the bypass was n o t  as great as a n t i c i p a t e d ,  
however; t h i s  is p robab ly  caused by the r e l a t i v e l y  poor  f l o w  passage 
a s s o c i a t e d  w i t h  the  bypass system. A t  t he  0.6 Mach number c o n d i t i o n ,  
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t h e  performance w i t h  t h e  bypass  c l o s e d  was s l i g h t l y  lower than  e s t i n a t e d  
by theory .  The curve  f o r  t h e  bypass  open shows t h a t  t h e  bypass  s p i l l s  
a i r  t h a t  i s  needed by t h e  eng ine  and t h e r e f o r e  t h e  p r e s s u r e  r e c o v e r y  i s  
reduced because  of i n c r e a s e d  c o w l - l i p  l o s s e s .  

The supe r son ic  performance of  t h e  i n l e t  w i t h  t h e  eng ine  i s  p r e s e n t e d  
i n  f i g u r e  6 w i t h  t h e  bypass  open and i n  f igure 7 w i t h  t h e  bypass  c l o s e d .  
The a i r  f low of f i g u r e  6 i s  measured ahead of t h e  bypass  s l o t s  and hence 
r e p r e s e n t s  t h e  f low i n t o  t h e  d i f f u s e r .  The p r e s s u r e  r ecove ry  was t h e  
va lue  measured a t  t h e  compressor f a c e .  Contours  of engine  a i r  f l o w  are 
inc luded  on f i g u r e  6 t o  i n d i c a t e  t h e  a i r  f l ow s p i l l e d  b y  t h e  bypass .  

Comparison of f i g u r e  3 w i t h  f i g u r e s  6 and 7 i n d i c a t e s  l i t t l e  d i f -  
f e r ence  i n  g e n e r a l  a i r  f low and p r e s s u r e  r e c o v e r y  r e l a t i o n s  w i t h  and 
without  t h e  engine .  However, w i t h  t h e  engine ,  t h e  d i f f u s e r  could  be 
opera ted  over  t h e  r ange  of a i r  f low t o  h ighe r  Mach numbers  w i t h o u t  buzz .  
It was observed t h a t  t h e  i n t e n s i t y  of p u l s i n g  w a s  g e n e r a l l y  lower w i t h  
t h e  engine than  w i t h o u t .  The engine  could  b e  fo rced  th rough  t h e  u n s t a b l e  
zone a t  % of 1 . 9  wi thou t  any a p p a r e n t  d i f f i c u l t y .  

I n  l i n e  w i t h  t h e  concept  of  r e t r a c t i n g  t h e  s p i k e  t o  avo id  p u l s i n g  
from 1 . 9  ( f i g .  6 ( e ) )  t o  1 .86 f low,  f i g u r e  6 ( d )  shows t h a t  va ry ing  

w a s  s u f f i c i e n t  t o  e l i m i n a t e  t h e  u n s t a b l e  zone. The i n l e t - e n g i n e  com- 
b i n a t i o n  had no s u b c r i t i c a l  s t a b i l i t y  a t  % of 2.0 and MD of 2 .0 .  
R e t r a c t i n g  t h e  s p i k e  t o  % 
zone. R e t r a c t i n g ,  t h e  s p i k e  a l s o  r educes  t h e  p r e s s u r e  r ecove ry ;  t h e r e f o r e ,  
a ba lance  between s t a b l e  f low range  ob ta ined  by  s p i k e  r e t r a c t i o n  o r  by i n -  
c r e a s i n g  t h e  c a p a c i t y  of t h e  bypass  would have t o  be made on a t h r u s t -  
minus-drag b a s i s .  

% 

of  1 .92  reduced t h e  i n s t a b i l i t y  t o  a narrow 

During t h e  t es t  a t  Q of 1 . 9  and % of 1 . 9  w i t h  t h e  bypass  
c losed ,  t h e  engine w a s  d e l i b e r a t e l y  opera ted  w i t h  p u l s a t i n g  f low.  The 
d a t a  f o r  t h i s  t y p e  of o p e r a t i o n  are inc luded  i n  fi.gure 7 ( d ) .  
d i d  not e x h i b i t  any obidous r e a c t i o n  t o  t h e  p u l s a t i n g  f low.  It must b e  
poin ted  o u t ,  however, t h a t  t51e r e a c t i o n  of t h e  534 engine  t o  i n l e t  p u l -  
s i n g  may n o t  be  t y p i c a l  of an engine  des igned  t o  o p e r a t e  c l o s e r  t o  i t s  
compressor s u r g e  limits. 

The engine  

The r a d i a l - f l o w  p r o f i l e s  f o r  two c o n d i t i o n s  of  i n l e t  f low c o n t r o l  
a f  1 . 9  are p r e s e n t e d  i n  f i g u r e  8 f o r  t h e  d i f f u s e r  s t a t i o n  f o r -  a t  Mo 

ward of t h e  bypass  s l o t s  and f o r  t h e  compressor f a c e .  I n  each  c a s e ,  t h e  
engine f l o w  i s  t h e  same, b u t  t h e  i n l e t  f l ow is  c r i t i c a l  f o r  a s p i k e  p o s i -  
t i oned  a t  MD 
pos i t i oned  a t  Ivl,, of 2 . 4  w i t h  t h e  bypass  c l o s e d .  Except  f o r  t h e  obvious 
d i f f e r e n c e  i n  p r e s s u r e  r ecove ry ,  t h e r e  is l i t t l e  d i f f e r e n c e  i n  t h e  
compressor-face p r o f i l e s  for t h e  two f low c o n t r o l  methods.  

of 1 . 9  w i t h  t h e  bypass  open and c r i t i c a l  f o r  a s p i k e  
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A summary of  t h e  s t a b i l i t y  limits f o r  t h e  d i f f u s e r  w i t h  and wi th -  
o u t  t h e  engine  i s  p r e s e n t e d  i n  f i g u r e  9 .  
t i o n  MD i s  f i x e d  a t  2 .0 .  The e f f e c t  of t h e  eng ine  was t o  i n c r e a s e  
t h e  Mach number a t  which p u l s i n g  is f i r s t  encountered  and t o  r educe  
t h e  e x t e n t  of  t h e  u n s t a b l e  zone. Above Mo of 1.8 t h e  eng ine  d i d  n o t  

s u p e r c r i t i c a l  c o n d i t i o n .  

I n  figure 9(a) t h e  s p i k e  p o s i -  

L ' l ~ " ~  - - - - i;tr,y - .- - - e f f e c t  01j t h e  s table  a i r  f1~-~- 1~Ly,it -7L-n - - m - n - n L e A  
W L l C ; I ,  czpp'l "CLL' I ILLA frm t h e  

m, i n e  m i r i i r r i u i u  s table  flow of the f i x e d  sp ike  p o s i t t o r ;  f o r  of 

of  
2.4 i s  p r e s e n t e d  i n  f i g u r e  9 ( b ) .  
i n f l u e n c e  on t h e  s t a b i l i t y  l i m i t s  for t h i s  s p i k e  p o s i t i o n  a t  
1 . 9  o r  2 .0 .  For t h e  lower Mach numbers the minimum a i r  f low o b t a i n e d  
was l i m i t e d  by t h e  eng ine  r a t h e r  than  by s t a b i l i t y  of t h e  i n l e t .  The 
t e c h n i q u e  of  e s t a b l i s h i n g  t h e  e x i s t e n c e  of a zone of i n s t a b i l i t y  by  
r e t r a c t i n g  t h e  s p i k e  and r educ ing  t h e  air f low could  n o t  b e  used  t o  
a r r i v e  a t  t h i s  s p i k e  p o s i t i o n ,  because  it w a s  n o t  p o s s i b l e  t o  r educe  
t h e  f low t o  a v a l u e  low enough t o  pe rmi t  t r a v e r s i n g  t h e  s p i k e  through 
t h e  % of 2 . 0  p o s i t i o n .  

The s t a b i l i t y  l i m i t s  f o r  va r i ab le - sp ike - type  o p e r a t i o n  are p r e -  

The engine d i d  n o t  have any s i g n i f i c a n t  
% 

s e n t e d  i n  f igure s ( ~ ) .  For t h i s  c a s e ,  the s p i k e - p o s i t i o n  Mach number 
f o r  con ica l - shock  i n t e r s e c t i o n  of t h e  cowl l i p  
t h e  e q u i v a l e n t  f r e e - s t r e a m  Mach number Here aga in  t h e  e f f e c t  of 
t h e  engine  on t h e  stable range  and Mach n u m b e r  a t  which p u l s i n g  is 
encountered  is r e a d i l y  a p p a r e n t .  With the  v a r i a b l e  s p i k e  t y p e  of 
o p e r a t i o n  t h e  s t a b i l i t y  l i m i t s  a r e  a l s o  markedly i n f l u e n c e d  by s e t t i n g  
MD Q, as was pointed o u t  i n  connec t ion  w i t h  
f i g u r e s  6 and 7 .  

% is  set  equal t o  
$. 

s l i g h t l y  l e s s  t h a n  

The e n g i n e - i n l e t  match cu rves  are presented  i n  f i g u r e  10 f o r  t h e  
r ange  o f  1 . 7  t o  2 . 0 ,  w i t h  an a b s o l u t e  eng ine  rpm of 100 and 90 p e r -  

c e n t .  The eng ine  weight  f low requi rement  i s  based  on t h e  e q u i v a l e n t  
rpm f o r  35 ,000-foot  a l t i t u d e  and t h e  p e r t i n e n t  The e f f e c t  o f  s i z -  
i n g  t h e  i n l e t  t o o  l a r g e  a t  % o f  2 . 0  i s  r e a d i l y  a p p a r e n t .  Th i s  could  
be c o r r e c t e d  by reducing  t h e  cowl diameter  t h e  a p p r o p r i a t e  amount. 
S h i f t i n g  t h e  match p o i n t  of t h e  d i f f u s e r  down t o  t h e  engine  r e q u i r e -  
ment a t  % of 2 . 0  would s imply  move a l l  t h e  d i f f u s e r  cu rves  down 
t h e  same amount. Matching t h e  engine a t  % of 2.0,  % of 2.0, 
and 100 p e r c e n t  rpm would r e s u l t  i n  s u p e r c r i t i c a l  i n l e t  o p e r a t i o n  a t  
MO The r e s u l t s  w i t h  t h e  
s p i k e  a t  % 
of  r e f e r e n c e  6.  

MG 

q. 

less t h a n  2 . 0  w i t h  a f i x e d  s p i k e  p o s i t i o n .  
a t  2 . 0  are i n  s u b s t a n t i a l  agreement w i t h  t h e  p r e d i c t i o n s  

0pe ra . t i on  a t  t h e  v a r i a b l e  s p i k e  cond i t ion  of  M,-, e q u a l  t o  MO 
would r e q u i r e  s u b c r i t i c a l  o p e r a t i o n  of the i n l e t  a t  
F i n a l l y ,  t h e r e  i s  always a s p i k e  p o s i t i o n  between % e q u a l  t o  Mo and 

M,, 
ment  a t  c r i t i c a l  f low f o r  t h e  r ange  o f  Mach numbers covered .  If it i s  
n e c e s s a r y  t o  match t h e  engine  a t  90 pe rcen t  rpm, t h e  s p i k e  would have t o  
b e  extended a l i t t l e  f u r t h e r  than  t h e  p o s i t i o n  a t  

5 l e s s  t han  2 . 0 .  

of 2 .0  t h a t  w i l l  match t h e  100-percent-rpm engine  a i r  f low require-  

M,-, of 2 . 4 .  
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The r a n g e  o f  a i r  f l o w  r e g u l a t i o n s  a v a i l a b l e  w i t h  t he  bypass system 
i s  presented  i n  f i g u r e  11. The r a n g e  of bypass a i r  f l o w  t h a t  can be 
a t t a i n e d  i s ,  o f  c o u r s e ,  s u b j e c t  t o  a des ign  c h o i c e  o f  maximum f l o w  area. 
S h i f t i n g  the  match p o i n t  as i n  the  p r e v i o u s  c a s e  r e v e a l s  that  t h i s  pa.r- 
ticiilar bypass  i s  adequate  f o r  matching the 100-percent-rpm requ-irernent 
b u t  w i l l  n o t  hand le  s u f f i c i e n t  f l o w  t o  match the 90-percent-rpra r e q u i r e -  
ment over  the  e n t i r e  Mach number r a n g e .  

The p r e s s u r e  r e c o v e r y  a t  c r i t i c a l  f l o w  for the  v a r i o u s  s p i k e  p o s i -  
t i o n s  i s  p r e s e n t e d  i n  f i g u r e  1 2 .  T h i s  i n l e t  had high p r e s s u r e  r e c o v e r y  
f o r  a l l  s p i k e  p o s i t i o n s  where the c o n i c a l  shock i n t e r c e p t s  t h e  cowl l i p .  
P r e s s u r e  r ecove ry  o f  the i n l e t  improved as the  s p i k e  w a s  moved forward .  
T h i s  i s  i n  c o n t r a s t  w i t h  t h e  r e s u l t s  ob ta ined  w i t h  t he  i n l e t  o f  r e f e r e n c e  
3, which had a d e c r e a s i n g  p r e s s u r e  r ecove ry  as the f low w a s  c o n t r o l l e d  by  
advancing the s p i k e  because  o f  an expansion ahead o f  the  cowl e n t r a n c e .  

SUMMARY OF RESULTS 

Based on the  i n v e s t i g a t i o n  o f  a t r a n s l a t i n g - s p i k e  i n l e t  w i t h  a 
v a r i a b l e  bypass t e s t e d  b o t h  w i t h  a v a r i a b l e  ex i t  p l u g  and a 534 t u r b o j e t  
engine,  the fo l lowing  r e s u l t s  were ob ta ined :  

1. E i t h e r  t h e  t r a n s l a t i n g  s p i k e  or the bypass t e c h n i q u e  w a s  satis- 
factory f o r  matching the i n l e t  and the eng ine  over  a range  of s u p e r s o n i c  
Mach numbers w i t h o u t  subson ic  a d d i t i v e  d r a g .  The eng ine  cou ld  be oper -  
a t e d  a t  maximum rpm over  t he  u s a b l e  t u n n e l  Mach number r a n g e  o f  1 . 7  t o  
2 .0 .  

2 .  The t r a n s l a t i n g - s p i k e  i n l e t  des igned  t o  avo id  i n t e r n a l  c o n t r a c -  
t i o n  and s p i k e  s h o u l d e r  expansion a t  c r i t i c a l  f l o w  ma in ta ined  high pres- 
s u r e  r e c o v e r y  f o r  a l l  s p i k e  p o s i t i o n s  where the  c o n i c a l  shock i n t e r c e p t s  
the cowl l i p .  Extending  the s p i k e  t o  p r o v i d e  supe r son ic - f low sp i l lage  
r e s u l t e d  i n  an i n c r e a s e d  p r e s s u r e  r e c o v e r y .  

3 .  I n  g e n e r a l ,  the e n g i n e  e x h i b i t e d  a s t a b i l i z i n g  i n f l u e n c e  on the  
i n l e t .  The r ange  of  u n s t a b l e  o p e r a t i o n  and the  observed i n t e n s i . t y  of  
p u l s i n g  w a s  l ess  w i t h  the  a c t u a l  e n g i n e  t h a n  w i t h  the ex i t  p l u g .  The 
engine was ope ra t ed  th rough  c e r t a i n  zones o f  i n s t a b i l i t y  w i t h o u t  d i f -  
f i c u l t y ,  whereas w i t h  the  choked p l u g  the  ampl i tude  of  p u l s i n g  cont;in- 
ued  t o  b u i l d  up if a traverse th rough  the  u n s t a b l e  zone w a s  a t t empted .  

Lewis F l i g h t  P ropu l s ion  Labora to ry  
N a t i o n a l  Advisory  Committee f o r  Aeronau t i c s  

Cleve land ,  Ohio, August 1 6 ,  1954 
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L .o 

.9 

1- 
Free-stream Mach number, 

MO 
0 2 .o 
n 1.9 
A 1.8 
0 1 . 7  
.) S t a b i l i t y  l i m i t  --- Unstable flow 

( a )  Mach number a t  which con ica l  shock i n t e r s e c t s  cowl l i p  
%, 1.58. 

F 
w3 Je3 

Engine equivalent  a i r  flow, - 
%63 

( b )  Mach number a t  which con ica l  shock i n t e r s e c t s  cowl l i p  
%, 1.7. 

Figure 3. - Diffuser  performance with choked plug; bypass c losed .  
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1 .o 

.9 

.e 

Free-s t ream Mach number, 

MO 
0 2 .o 

1.9 
1 0  I . U  

n 

4 S t a b i l i t y  l i m i t  
UnstEble f low 

( c )  Mach number a t  which c o n i c a l  shock i n t e r s e c t s  cowl l i p  
Mn, 1.8. 

10 14 18 22 30 
w 3 J 6  

*r'3 
Engine equ iva len t  a i r  flow, - 

(d )  Mach number a t  which c o n i c a l  shock i n t e r s e c t s  cowl l i p  
MD, 1 .9 .  

F i g u r e  3. - Continued. D i f f u s e r  performance w i t h  choked plug; 
bypass  c losed .  
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1 -  
Free-st ream Mach number, 

Mo 
0 2 .O 
n 1.9 
A 1.8 
0 1 . 7  + S t a b i l i t y  l i m i t  

--- Unstable f low 

18 22 26 30 
w 3 4 5  Engine equiva len t  a i r  f l o w ,  - 

A r b 3  

( f )  Mach number a t  which c o n i c a l  shock i n t e r s e c t s  
cowl l i p  MD, 2.4.  

plug; b y p a s s  c losed.  
F igure  3 .  - Concluded. Diffuser  performance wi th  choked 
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.03 

Cow 1 - i n l e t  Mach numb e r , 
i 

1. I i .8 i .9 2 .o 
Free-stream Mach number, 

Figure 4 .  - Performance of subsonic 
d i f f u s e r  f o r  c r i t i c a l  a i r  flow. Mach 
number a t  which conical  shock i n t e r s e c t s  
cowl l i p  % = %. 
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Theoret ical  bypass ( r e f .  5 )  

Closed 

Experimental bypass 

Open 
Closed 

--- Open ---- 

d 
0 

(b)  Free-stream Mach number %, 0.6.  

Figure 5. - Subsonic performance of d i f f u s e r  with engine. Mach number 
a t  which conica l  shock i n t e r s e c t s  cowl l i p  %, 1.58. 
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(a) Mach number a t  which conical  shock i n t e r s e c t s  cowl l i p  
M,. 1.58. 

1 .o 

.9 

(b) Mach number a t  which conica l  shock f n t e r s e c t s  cowl l i p  
MD, 1.7. 

Figure  6.  - Diffuser  performance with engine; bypass open. 
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0 
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( c )  Mach number a t  which conical shock i n t e r s e c t s  cowl l i p  

% 
2 .o 
1.9 
1.8 
1.7 

MD, 1.8. 
.9 

20 

.8 
16 20 24 28 

I n l e t  equivalent a i r  flow, -, 
Ib/(sec)  (sq f t )  

bJe, 

( d )  Mach number a t  which conical shock i n t e r s e c t s  cowl l i p  
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Figure 6.  - Continued. Diffuser performance w i t h  engine; 
bypass open. 
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F igu re  6 .  - Continued. Di f fuser  performance wi th  engine; 
bypass open. 
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F i g u r e  6 .  - Concluded. D i f f u s e r  per- 
formance w i t h  engine ;  bypass open. 
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(b) Mach number a t  which c o n i c a l  shock i n t e r s e c t s  cowl l i p  Mn, 1.7. 

L 

k' .9 

A 

.8 
8 12 16 20 24 

, I b / ( s e c ) ( s q  f t )  Engine equ iva len t  a i r  f low,  - w 3  des 
A r k 7  

( c )  Mach number a t  which c o n i c a l  shock i n t e r s e c t s  cowl l i p  MD, 1 .8 .  

F i g u r e  7 .  D i f f u s e r  performance wi th  engine; bypass c losed .  
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Figure 7 .  - Concluded. D i f f u s e r  performance with engine; 
bypass closed.  
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Figure 8.  - Effect of spi l lage mechsnisn 3n diffuser prof i les .  
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Figure 10. - Trans la t ing - sp ike  a i r  flow 
regu la t ion .  MD, Mach number a t  which 
con ica l  shock i n t e r s e c t s  cowl l i p ;  
N/Nr,  r a t i o  of engine r o t a t i v e  speed 
t o  r a t e d  speed. 
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F i g u r e  11. - Bypass a i r  flow r e g u l a t i o n .  Mach 
number a t  which c o n i c a l  shock i n t e r s e c t s  cowl 
l i p  M~ = M N / N ~ ,  r a t i o  of engine  r o t a t i v e  
speed t o  r a t e d  speed .  
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