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NATIONAL ADVISOKY COMMITTEE FOR AERONAUTICS - 

INVESTIGATION OF ADJUSTABLE SUPERSONIC INLET IN COMBINllTION 

WITH J34 ENGINE UP TO MACH 2 .O 

By J. C . Nettles and L. A .  Leissler 

SUMMARY 

An annular   nose  inlet equipped with 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  spike and variable bypass was i n v e s t i g a t e d   i n  the Lewis 8- by 
6-foot   supersonic   wind  tunnel .  The in l e t   pe r fo rmance  was s t u d i e d   b o t h  
w i t h  the air f l o w   c o n t r o l l e d  by an o p e r a t i n g  J34 engine  and w i t h  the 
e n g i n e   s i m u h t e d  by a choked  plug. The conf igu ra t ion  was i n v e s t i g a t e d  
a t  supe r son ic  Mach numbers from 1.7 t o  2.0 and a t  subsonic   speeds of 

a approximately Mach zero  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  indicated that with the engine  - o p e r a t i n g  a t  maximum rpm the d i f f u s e r   c o u l d  be maintained cr i t ical  by 
u s e  o f  either the bypass o r  the t r ans l a t ing - sp ike   t echn ique   t h roughou t  
the supersonic  Mach number r ange   i nves t iga t ed .  With this p a r t i c u l a r  
d e s i g n   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  spike p o s i t i o n s  where the  c o n i c a l   s h o c k   i n t e r c e p t s  the 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 cond i t ion  where the 
obl ique  shock was the  farthest ahead of the l i p .  In g e n e r a l ,  the engine  
exh ib i t ed  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  
operat ion  and the obse rved   i n t ens i ty   o f   pu le ing  were less w i t h  the a c t u a l  
engine   than  with the exit p lug .  The engine  could be opera ted   th rough 
ce r t a in   zones  of 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 with the choked 
exit the ampl i tude   o f   pu l s ing  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  
through the puls ing   zone  was a t tempted .  

INTRODUCTION 

Operation of a turboJet   engFne over a range   o f   supe r son ic  f l i g h t  
speeds   r equ i r e s  that the in le t   incorpora te   an   independent  mews of air 
f l o w   c o n t r o l  in o r d e r   t o   m a i n t a i n   p r e s s u r e   r e c o v e r y  and t o  avoid   subsonic  
a d d i t i v e  drag p e n a l t i e s  (ref.  1). One method of p rov id ing  variable air 
f low is by means of a bypass through which air n o t   r e q u i r e d  by the engine  
can be discharged  (ref. 2 ) .  Variable air flow c a n   a l s o  be ob ta 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 spike t o  c o n t r o l  the amount  of air taken  
i n  a t  the diffuser cowl (ref. 3). 
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An a d d i t i o n a l   a s p e c t  of the combination of 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  of an   i n f luence  of the engine an the flow 
stabil i ty c h a r a c t e r i s t i c s . o f  the 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  volume 
of the engine,  the f r i c t ion   daqp ing   deve loped  in the compressor,  and the 
p r e s s u r e - r i s e  - volume-flow and surge characteristics of - the   compressor -  
itself all enter i n t o  the dynamic flar syst--, .- --  " . . 

I n   o r d e r   t o   o b t a i n  an e x p e r b e n t &   e v a l u a t i o n   o f  these va r ious  prob- 
lems, a t r a n s l a t i n g  cone in l e t   equ ipped  w i t h  a byrpass arrangement was 
cons t ruc t ed  f o r  a J34 engine.   Pressure  recovery  and  matching character- 
istics of  the inlet -engine  cambtpat ion are presented  f o r  . va r ious  spike 
posi t ions  and  bypass   ppeniggs  for  the r a s g e .  of Mach numbers up t o  2.0. 
The i n v e s t i g a t i o n  was. conducted in the Lewis-8- . . . . . . . . by'i ;-foot  tunnel  during 
March, 1954. I I ". - ..- ... . 
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SYMBOLS 

The fo l lowing  symbols are used i n  this r e p o r t :  

f low area, sq f t  . - - -  --. .". . - . - - - . . - 

cowl- in le t   cap ture  area . . . . , . . . . . . . . . . .. 

r e fe rence  area, def ined  by compressor- inlet  diameter 

hydraul ic  diameter at. cowl ent rance ,  - 

Mach number 

. .. 

- - .  

4% 
wetted 

Mach number a t  which  conical   shock  inter .gects  . . .  cowl . lip . 

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 ,  abs 

air flow  measured a t  s t a t i o n  2 ,  lb/sec 

..-=A7 . x - . : *  :- . I. - " . 

rated e g i n e   r o t a t i o n a l   s p e e d ,  12,500 . . .  rpm 

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

. .  
. 

e 
" 

P/NACA standaxd 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 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  . -,, - -. 

-. 
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Subsc r ip t s  : 

x axial s t a t i o n  

0 free s t ream 

1 cowl i n l e t  

crr 
I+ 

N 

2 ahead of bypass 

0, 3 compressor face 

Physcial c o n s t a n t s  : 

Desc r ip t ion  of Model 

The gene ra l   l ayou t  of the n a c e l l e  with the J34 engine  and the air 
i n l e t  me shown i n  figure 1. The  normal  cmplement of eng ine   accesso r i e s  
was removed i n   o r d e r   t o  achieve a mfnFmum of  f r o n t a l  area. The blockage 
area of  the nace l le -s t ru t   combina t ion  was further reduced by mounting 
the n a c e l l e   o f f . t h e   t u n n e l   c e n t e r   l i n e .  Fuel supply,  o i l  supply,   and 
o i l   s c a v e n g e   l i n e s  were run  through the s u p p o r 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   t h e  tunnel. The engine  t a i l  pipe 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 4 s  t e M -  
nated  by a convergent   nozzle .  The starter was r e t a i n e d  on the engine,  
and a pu l se   gene ra to r  type of   tachometer   pickup was incorpora ted  i n  the 
starter d r i v e  t o  permit measurement  of the eng ine   r evo lu t ions .  

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 front   compressor   housing and an 
i n t e r n a l l y  mounted va r i ab le -a rea   p lug  was i n s t a l l e d  w i t h  t'ne d i f f u s e r  
f o r   o n e  series of r u n s   i n   o r d e r  to e s t a b l i s h  the s tabi l i ty  limits of 
the d i f f u s e r   w i t h  a conf igu ra t ion  that was typical of  a cold-flow  wind- 

made for  the d i f fuse r - a i r - f low  measu r ing  stations by u s i n g   t h e  choked- 
p lug  technique. 

. tunnel   model .  This conf igu ra t ion  a lso  permitted a c a l i b r a t i o n  t o  be 



4 - 
In l e t   Des ign  

NACA RM E54Hll 
a 

Y 

The i n l e t  was designed for t r a n s l a t i o n  of- the cone as suggested in 
re fe rence  3. A combination  of a 17' intern&&, .cowl angle  and a 2.5'. half- 
angle-cone made it poss ib l e   t o   con tour   t he   subson ic"d i f fuse r   such  that" 
an area 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 .So. t o t a l - ang le   cone  was 
obta ined  a t  the   forward  spike p o s i t i o n  and . i n t - e r n a l  con t r ac t ion  d id  n o t  
occur a t  the aft  sp ike   pos i t ion . .  The faya~...-spke p o s i t i o n  would be a" 
design i n  which the c o n i c a l   s h o c k   i n t e r s e c t s  the cowl l i p  a t  a .Mach. 
number of 2.4, whereas f o r  the f t  spike. . .posi t ion ". the _. . shock . . - . .. i n t e r s e c t i o n  s 
would occur a t  a Mach number of-1.58. 

- 
. - .- 

. " 

.. 
" 

. - . - . . - . . . .- - .. . .. "Go 

. .  . " - . ,  " " Y  

" 

The centerbody  contour   included a c y l i n d r i c a l   s e c t i a n   i n  the v i c i n i t y  
of t he   suppor t  struts. A t e l e s c o p e   j o i n t   a t - t h % - p o i n t   a l l o w e d  the f'ront 
s e c t i o n   t o  be moved r e l a t i v e   t o  the rear s e c t i o n .  Remote o p e r a t i o n   o f . t h e  
cone   pos i t ion  was accomplished ,by a screw jack mounted wi th in  the cen-t;er- 
body. The area v a r i a t i o n s   f o r  the forward a n d   a f t - s p i k e   p o s i t i o n s  are 
g i v e n   i n   f i g u r e  2.  The 6' area v a r i a t i o n  .wag chosen on the basis o f   t h e  
information  presented i n  referen-ce 4, which hi8iCEki .that-this conf ig- 
u r a t i o n  has a strong tendency t o  buzz  - in  thk"&b<r-i%ical '-5egion  and 
t h e r e f o r e  would  emphasize the effechuf coupl ing a.n e n g i r r e t o   t h e   d i f f u s e r  

" 

- . .". 

The bypass air vas b l e d  through the outer . w a l l .  o f .  the subsonic  d i f -  
f u s e r  by a series of   equal ly   spaced  1ongSrtudind slots which were con- 
n e c t e d   t o  the cavity  between the diffuser -11 and the n a c e l l e  s k h .  .. 

The f l o w  of bypass air  was con t ro l l ed  by a hinged  door mounted i n  the 
n a c e l l e   s k i n  and ac tua ted  hy a screw. jack l o c a t e d  . .  in . the suppor t - s t ru t ,  

.. . ." . 

. . . . . . . . . . - _ _  

. . .   - .  

The cowl - in l e t  capture area was purpos.ely made larger than r equ i r ed  
f o r  the engine air flow a t  a Mach number of 2.0-in o rde r  t o  pe rmi t   i n -  
v e s t i g a t i o n   o f  the f u l l  range of f lexibil i ty a f fo rded  by the combination 
of t rans la t ing   sp ike   and   var iab le-area   bypass .  

. . " 

. - ,-. 

I .  . " . .,,. . "" -.I " 

Total   and static p res su res  were measured  ahead  of   the  bleed  s lot8 
and a t  the c m p r e s s o r   f a c e   t o   d e t e r m i n e  pressure recovery, engine air 
flow, and diffuser air flow. Bypass air  flow was determined  by  taking 
the   d i f f e rence   be tween  the.. two m,easuring statkons.. - An a d d i t i o n a l  
de te rmina t ion   of   the  air flow was made f o r - ; t h e  dupy engine' run.6 by 
means of the p lug  area and the s ta t ic  pressure  ahead of the plug.  All 
d i f f u s e r   p r e s s u r e s  were measured by the NACA Digi ta i   Automat ic   Mul t ip le  
Pressure.   Recorder .   . .Pulsat ing flow was de tec t ed  by a pressure   t ransducer  
a t  the   campressor  in le t  and b y   o b s e r v a t i m  of t h e - s c h l i e r e n   a p p a r a t u s .  

". . . . . . . . . -. " . . .. 

" 

-. ~ -. . - -. - - 

.. 

RESULTS AND DISCUSSION * 

The performance of the inlet w i t h  the .var iab le-area   p lug   conf igura-  
t i o n  is presented  in f i g u r e  3. .-In c e r t a i n   o f  the curves .. . . .- a zone   of  I 

.. .. . 
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i n s t a b i l i t y   f o l l o w e d  by a reg ion  of stable f low is ind ica t ed  rather than  
the u s u a l  minimum stable flow. A special technique  was u t i l i z e d   t o  
establish these   ranges   o f  stable flow. The o u t l e t  f low area was reduced 
t o  its minimum w i t h  the spike i n  its r e t r a c t e d   p o s i t i o n .  The s p i k e  was 
t hen   ex tended   un t i l  either the f low became Uns tab le   o r  the d e s i r e d   s p i k e  
p o s i t i o n  was reached .  If the des i r ed   sp ike   pos i t i on   cou ld  be set ,  the 
f low 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  WRS encountered.   Both lFmits 
of   t he   uns t ab le   zone  w e r e  r e p r o d u c i b l e   t o   e s s e n t i a l l y   t h e  same degree. 
The pu l sa t ion   ampl i tude   t ended   t o   bu i ld   up  rapidly with on ly  sl ight 
changes   o f   ou t l e t  area. An attempt t o   f o r c e  the d i f f u s e r   t h r o u g h  a zone 
of i n s t a b i l i t y  a t  M of 1.9 was t e rmina ted   because  of the v i o l e n t  
pu lsa t ions   encountered .  

0 

The c o r r e c t i v e   a c t i o n  that should be applied t o  a v o i d   p u l s i n g  as 
far as the air flow is concerned  depends on whether the   uns t ab le   zone  is 
approached from the high-air-f low o r  the   l ow-a i r - f low  cond i t ion .   Fo r  
the case where % is e q u a l  t o  o r  less than %, the p u l s a t i o n  can 
always be stopped,  however-,-by retracting the spike. In other words, 
the c o r r e c t i v e   a c t i o n   f o r  the t r a n s l a t i n g  spike is the same i r r e s p e c t i v e  
of how the cond i t ion  was encountered.  

a The  performance of the subsonic   portLon  of  the d i f f u s e r  is presented  
i n  figure 4 f o r  the cond i t ion   o f  c r i t i c a l  flow and with the .  spike pos i -  
t i oned  for t h e   o b l i q u e   s h o c k   t o   i n t e r s e c t  the cowl I lp  for  each f’ree- 
stream Mach number.  The total pressure enter img the diff’user was com- 
puted i n  each case for supersonic   compression  through  one  obl ique  and 
one  normal  shock.  The average Mach number of t h e   f l o w   e n t e r i n g  the 
d i f f u s e r  is noted  a t  i n t e r v a l s   a l o n g  the curve.   The  entrance Mach num- 
ber i n d i c a t e s  that even  though the performance of the s u b s o n i c   d i f f u s e r  
is g e n e r a l l y  good the l o s s e s   i n c r e a s e  rapidly 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   o f  the spike- also changes the 
s u b s o n i c   d i f f u s e r  area v a r i a t i o n ,  there is undoubtedly a combined effect 
of  Mach number and area v a r i a t i o n  on the observed   losses .  

The i n l e t   i n   c o m b i n a t i o n  w i t h  the engine was opera ted  at  subsonic  
Mach numbers   o f   essent ia l ly   zero  and 0.6. D a t a  for these r u n s  are p re -  
s e n t e d   i n  figure 5. Included on f i g u r e  5 are cu rves  of the es t ima ted  
performance of a. s h a r g - l i p   i n l e t  by the method of r e f e r e n c e  5. In gen- 
eral, the  performance of the i n l e t  at the t ake -o f f   cond i t ion  was beiter 
than  is p red ic t ed  by the t h e o r y  f a r  sharp-lip cowls.  The observed 
deviat ion  between  theory  and  experiment  might w e l l  be caused by t h e  
fact that the cowl l i p  was n o t  ideal ly  sharp a n d   a l s o  the forward ve- 
l o c i t y  w a s  not z e r o   b u t  w a s  approximately 100 feet per   second.  The g a i n  
i n   p e r f o r m g c e   d u e   t o   o p e n i n g  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 probably  caused by the r e l a t i v e l y   p o o r   f l o w  passage 
a s s o c i a t e a   w i t h  the bypass system. A t  t h e  0.6 Mach number cond i t ion ,  
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the.   performance w i t h  t h e  bypass- c losed  w8.s s l igh t ly   l ower   t han   e s t ima ted  
by theory .   The .   curve   for  the  bypass open shows t h a t   t h e   b y p g s s  Spill13 
air that is needed by the   engine   and   therefore  the pressure   recovery  i s  
reduced because af increased cowl- l ip  losses. 

The supersonic  performance of the i n l e t  with the engine i s  presented  
i n  figure 6 a t h  the bypass open  and i n  figure 7 w i t h   t h e  bypass c losed .  
The a i r  f low of f i g u r e  6 is measured  ahead of the   bypass  slots and hence 
r e p r e s e n t s  the f lm i n t o  the d i f f u s e r .  me pressure recovery  was t h e  
va lue   measu red   a t .Wcompresso r   f ace .   Con tour s  of engine air f low are 
included on f i g u r e -   6 " t o   i n d i c a t e  the a i r  flow spi l led by the bypass .  

" 

a! " cu 3 . 1  

Comparison of figure 3 w i t h  f i g u r e s  6 and 7 indi- tes  l i t t l e  d i f -  ..... 
f e rence  i n  g e n e r a l  air flow and   pressure  reccrvery r e l a t i o n s  with and 
wi thout  the engine.  However, w i th   t he   eng ine ,   t he   d i f fuse r   cou ld  be 
opera ted  QVS t h e - r a n g e  of air flow to higher  Mach n F b e r s  without   buzz.  
It was observed that t h e   i n t e n s i t y  of pu l s ing  wa8 genera l ly   lower  with 
the   engine  than  witKout .  The engine  could be forced  through the uns t ab le  - _  
zone a t  %. of  1.9 wi thout  any apparent  d i f f icu l ty .  

. 

-. 
. " 

I n   l i n e  w i t h  the concept  of retracting the spike t o  avo id   pu l s ing  
flaw, f i g u r e   6 ( d )  shows that vary ing  Ep, from 1 .9  (fig.. . 6 ( e ) )   t o  1.86 
was s u f f i c i e n t  t a  el iminate   the  . .Pnstable   zone.   The  inlet-engine com- 
b i n a t i o n  had no s u b c r i t i c a l  s tabil i ty a t  % of 2.0 and. of 2.0. 
R e t r a c t i n g  the s p i k e   t o  % o f   1 . 9 2   r e d u c e d   - t h e   i n s t a b i l i t y   t o  a narrow . .. . 
zone .   Re t r ac t ing   t he   sp ike   a l so   r educes - the   p re s su re   r ecove ry ;  therefme, 
e balance  between stable flow range   ob ta ined -by   sp ike   r e t r ac t ion  or by i n -  
c r e a s i n g   t h e   c a p a c i t y   o f   t h e  bypass would  have t o  be made on a t h r u s t -  
minus-drag basis. - .. . 

-. - 
* 
" 

During   the  tes t  _at Ma of 1 .9   and % of 1 .9  w i t h   t h e  bJFpasa 
c losed ,   t he   eng ine  was deliberately operated with p u l s a t i n g  flow. The 
data f o r   t h i s  type crf opera t ion  a re  inc luded   in  figure 7(d)  . The engine 
d id   no t   exh ib i t   any -obv ious   r eac t ion  t o  t h e   p u l s a t i n g   f i o w .  It must be 
po in ted  out,  howe.yer. .that- the r.eaction o f _ t h e .  &34. engine t o  i n l e t   p u l -  
s i n g  may n o t  be typical of a n  engine des- t o   o p e r a t e '  clos~er t o -  its 
compressor  surge l*ts. , -  - .. ~ - r - ..","." , ., . . 

- 

.. . 

. .  

- - . - . - - 
.. . 

~ " 

. " 
." . . " " 

The rad ia l - f low  .p rof i les  far two c.gnilit&qs..of .inlet .flow  con.trol_._ 
at Mo of 1.9 are presented  in  figure 8 farj'the d i f f u s e r   s t a t i o n . f o r - -  
ward of the b y p a s s   s l o t s  and  .for the compressor face. In   each  case, t h e  
engine flow is  t h e  samer b u t   t h e   i n l e t  flgy is. c r i t i c a l   f o r  a sp ike  posi-  
t i oned  a t  % of.l.9 w i t h  the bypass open m d  c r i t i c a l  for a sp ike  
pos i t i oned  a t  % of 2 .4   w i th  the bypass closed. .   Except   for   the  obvious 
d i f f e r e n c e   i n  pressure recn&c'y, t h e r e  is little di f fe rence  i n  the 
compressor-face prafiles. f o r  the two flow . coq t ro l  me-thods. 

. .. .. - .. .. - 
- 

" 

..  - 

L .= 

" 

- .. . , . . . - - - . . . . .... , - - .. . . . . . -  . . - 
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A summary of  the s t a b i l i t y  l h i t s  f o r  the d i f f u s e r  with and with- 
out the engine is p r e s e n t e d   i n  figure 9. In figure 9(a) the spike pos i -  
t i o n  % is f i x e d  a t  2 .O. The effect of the   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 first encountered  and t o  r educe  
t h e   e x t e n t   o f  the .unstable   zone.  Above MO of 1.8 the e n g i n e   d i d   n o t  
have  any effect on the stable air f l o w  limit when approached  from the 
s u p e r c r i t i c a l   c o n d i t i o n .  

4 

3 

The minimum stable f l o w  o f  the f i x e d  spike p o s i t i o n   f o r  % of . 

2.4 is presented  in f i g u r e  9(b) .  The   engine   d id   no t   have  any s i g n i f i c m t  

1 .9  or 2.0. For the lower Mach numbers the   &burn  air f low  obtained 
ws limited by t h e   e n g i n e   r a t h e r   t h a n  by s t a b i l i t y  of the i n l e t .  The 
t echn ique   o f   e s t ab l i sh ing  the 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 
retracting t h e   s p i k e   a n d   r e d u c i n g   t h e  a i r  f low  could   no t  be used to 
arr ive a t  t h i s   s p i k e   p o s i t i o n ,   b e c a u s e  it was n o t   p o s s i b l e   t o   r e d u c e  
the flow t o  a value low enough t o  permit t r a v e r s i n g  the spike through 
t h e  M,, of 2.0 p o s i t i o n .  

3 i n f l u e n c e  on the stability limits f o r  this spike p o s i t i o n  a t  o f  

The stability limits fo r   va r i ab le - sp ike - type   ope ra t ion  are  pre- 
s e n t e d   i n  figure s ( ~ ) .  For this case, the sp ike -pos i t i on  Mach number 
fo r   con ica l - shock   i n t e r sec t ion   o f  the cowl l i p  I$ is set equa l  t o  
t h e   e q u i v a l e n t  free-stream Mach number Mo. H e r e  a g a i n   t h e  effect of 
t h e   e n g i n e  on the stable range  and Mach number at  which   pu ls ing  is 

ope ra t ion  the stabil i ty limits are also markedly in f luenced  by s e t t i n g  
MD slightly less than  %, a8 was po in ted  out in   connec t ion  w i t h  
figures 6 and 7. 

a encountered is r e a d i l y   a p p a r e n t .   W i t h   t h e  variable spike t y p e  of 

The eng ine - in l e t  match curves are p r e s e n t e d   i n   f i g u r e  10 for  the 
% range  of  1 . 7 . t o  2.0, wi th   an   absolu te   engine  rpmof  100 and 90 per- 
c e n t .  The engine   weight  flow requirement  i s  based on the e q u i v a l e n t  
r p m  fo r   35 ,000- foo t   a l t i t ude   and  the p e r t i n e n t  %. The effect o f   s i z -  
ing t h e   i n l e t  t o o  l a r g e  a t  MO of 2.0 is readily apparent .   This   could  
be corrected by reducing   the   cowl-d iameter  the appropriate   amount .  
S h i f t i n g  the match p o i n t  of the diffuser  down t o   t h e  engine r e q u i r e -  
ment at % of 2.0 would  simply move a l l  the d i f f u s e r   c u r v e s  &own 
t h e  same amount. Matching the engine  a t  MO of 2.0, % 2.0, 
and 100 percen 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  

less than  2 .O with a f i x e d   s p i k e   p o s i t i o n .  The r e s u l t s  w i t h  the 
s p i k e  a t  1$ at  2.0 are in 6 U b S t a n t i a l   a g r e e m e n t   w i t h   t h e   p r e d i c t i o n s  
of  r e f e r e n c e  6.  

. .. 

Operation a t  the variable s p i k e   c o n d i t i o n  of % e q u a l   t o  % 

F i n a l l y ,  there is always a sp ike   pos i t i on   be tween  % e q u a l   t o  Mo and 
% of  2.0 t h a t  w i l l  match the  100-percent-rpm  engine air flow r e q u i r e -  
ment a t  c r i t i c a l  flow f o r  the range  of Mach numbers covered. If it is 
n e c e s s a r y   t o   m a t c h   t h e   e n g f n e  a t  90 p e r c e n t  rpm, -the s p i k e  would  have t o  
be extended a l i t t l e  further than  the pos i t i on  at MD of 2.4.  

c 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  af the i n l e t  at  MO less than  2 .O. 

. 
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The range  of a b  flow regu la t ions   ava i l ab le   w i th   t he   bypass  system 
.I .. . is presented  in fi.@re. U. The- range  of bypass air flow that can be 

a t t a i n e d  is, o f h o u r s e ,   s u b j e c t   t o ' a   d e s i g n   c h o i c e  of maximuln flow area. 

t i cu l a r  bypass is adequate  for matching t h s   1 0 0 - p e r c e n t q m   r e q u i r e m e n t  
b u t  will not handle  s u f f F c i e n t  flow t o  match t h e  90-percent-rpm  require- 
ment over the e n t i r e  Mach number ra.nge . 

- . .  
S h i f t i n g   t h e   m a t c h   p o i n t  as i n  the previoua case revea i8  that this  p6r- - ." 

". 

. 
- .. 

The pres su re   r ecove ry  at c r i t i ca l  flow f o r  the va r ious   sp ike  post- 03 
t i o n s  is presented  &I figure 12.  This i n l e t  had h igh   p re s su re   r ecove ry  
f o r  all s p i k e   p o s i t i o n s  where the c o n i c i l   s h o c k   i n t e r c e p t s   t h e  cowl l i p .  
Pressure   recovery  of t h e   i n l e t  improved as t h e   s p i k e  V a B  moved forward. 
Th i s  is in c o n t r a s t   w i t h  the r e s u l t s   o b t a i n e d  with t h e  inlet  o p r e f e r e n c e  
3, which had a decreas ing   pressure   recovery  as the flow was con t ro l l ed  by 
advancing  the  spike  because of an  expansion ahead. of the cowl  entrance.  

N * 
tQ 

.. 
x- 

SUMMARY OF RESULTS 

Based on the i n v e s t i g a t i o n  of a t r a n s l a t i n g - s p i k e  i n l e t  with a 
v a r i a b l e  by-pass t e s t e d   b o t h   w i t h  a variable exit plug  and a. J34 t u r b o j e t -  
engine,  the fo l lowing  results were obtained.: - ". . - .  . 

. .  . .  . . -. . 

1. E i t h e r  the t r a n s l a t i n g  spilce o r  tlg:bnass technique w&s satis- 
f a c t o r y   f o r  matching the. inlet and the engine mer a range of supers6nic  " 

Mach numbers withaut   subsonic   addi t ive  drag. The  engine  could be oper- 
a t e d  a t  maximum r p m  o v e y t h e  usable tunnel.Mach  number-range of 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   d e s i g n e d   t o   a v o i d   i n t e r n a l   c o n t r a c -  
t i on   and   sp ike   shou lde r  expansion a t  . c r i t i c a l  flck maintained  high  pres-  
su re   r ecove ry  for all sp ike   pos i t i ons   where  .tli&  conic^ shock   i n t e rcep t s  . -  . "- 

t h e  cowl l i p .  Extendin@; the spike to provide supersonic-flow spillage 
r e s u l t e d  in an i nc reased   p re s su re  recovery.. 

. .. . 

- -" - 

3. In g e n e r a ,  the engine  exhibited 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 uns tab le   opera t ion :   and- the   observed   in tens i ty  of 
p u l s i n g  was less w i t h  the ac tua l   engine :  -khan. wftg the' Gxit plug. ThF- " -  " 

engine a s  opera t ed  .through c-er ta in   zone"6; f - ins~abi l i ty   wi thout   d i f -  
f i c u l t y ,  whereas with the choked plug .tgc_=l.€tude o f - ~ l s i n g  c o n t f i i  "- 

ued  t o   b u i l d  up i f  a traverse through .the uns t ab le  zone ' n s  a t t e h p t a .  """ 

~ "l - . . II" 

Lewis F l igh t   Propuls ion   -Labora tory  
Nat ional   Advisory Committee far Aero iau t i c s  

Cleveland,  Ohio,  August 16, 1954 

. .. . . .  
a 
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.7 
(a) Mach number at uhich  conical shock intersects car1 l i p  , 1.58. 
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w& Engine equivalent sir fb, - 
%,fi3 

(b) Mach number at which conical shock Intersects cowl l i p  
€.i,,, 1.7. 

Figure 3. - Diffuser performanceuith choked plug; bypa88 cloeed. 
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Free-stream Mach number, 

Unstable f low 

(c) Mach  number a t  which conical shock in t e r sec t s  cowl l i p  
h, 1.8. 

(a) Mach number at which conical shock i n t e r sec t s  cowl l i p  
%, 1.9. 

Figure 3. - Continued. D i f f u s e r  performance  with  choked  plug; 
bypass closed. 
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a 

Free'-stream Mach number, 

+ Stability limit 
Unstable f l o w  

1 .o 

.9 

.8 
(e) m c h  number at.which codfcal  sbock.intersects 

1 .o 

.9 

.a 
14 18 22 30 

Engine equivalent  air flow, --- .. 

w 3  

(f) Mach  number at which  conical shock. intersects 
cowl lip q), 2.4. 

Figure 3. - Concluded. Diffuser performance with choked 
plug; by pass closed. 
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number at which conical shock intersects 
cuwl lip % = Mo. 
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1 .oo 

.96 

.92 

. a8 

(a) Free-stream  Mech n W e r  Mg, 0. 

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

Figure 5. - S u b s ~ n i c  performance of &iffuser with englne. Mach number 
at which conical shock .iutersects cowl 11~1 %, 1.58. 
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Free-stream Mach nunher, 
Mo 

0 2 .o 
-I2 
A 

1.9 
1.8 
1.7 

Engine equivalent a i r  flow, 

(a)  Mach nmiber at which conical shock intersects  cowl l i p  
%, 1.58. 

1 .o 

.9 

.8 4 
16 20 24 - 28 

Inlet  equivalent air  flow, -, w2+3 
Ib/(sec) (sq it) 

q-63 

(b) Mach  nuniber at which conical shock tntersekts cowl l i p  
%, 1.7. 

Figure 6. - Diffuser performance w i t h  engine; bypass open. 
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( c )  Mach number at which conica l  shock i n t e r s e c t s  cowl l i p  
MD, 1.8. 

.9 - 
20 

.a. 
16 

. .  

20 24 28 
w e 4 5  Inlet   equivalent  sir flow, - 

L 6 x  
1 .. . " 

lb/( sec)  (sq ft) 
I d  

(dl Mach number a t  which conical   shock  intersects  cowl lip 
MD, 1.86. 

Figure 6. - Continued. Diffuser performance with engine; 
bypass open. 
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Free-stream Mach numker, 
% 

' 0  2 .o 
tl 1.9  

, -mine  equivalent  air f low,  A 1.8 
W3&- -I 

0 1.7 
, lb/ (sec)(sq ft) + Stab i l i t y   l imi t  

- 4-83 
I 

- Unstable flow 

18 i 20 
I 

LT- TR'b 

(e) Mach  number at which conical shock intersects  cowl 
l i p  %, 1.9 .  

Inlet  equivalent air flow, 

( f )  Mach number a t  which conical shock intersects  cowl 
l i p  MDJ 1.92. 
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L 

I I Free-atream Mach number, 
Mo 

- 
0 2 .o 
d 1.9 
A 1.8 
0 1.7 

Stab i l i t y  &hit 

"" .. 

+ 
-. 

--- Unatable flow 
I I I I 

Engine equivalent air flow, 

L . "  
0 

I n l e t  equ-ivalent a i r  flow, 9 

Ib/(sec) (sq f t )  %E3 

(g) Mack number at which conical   shock 
intersects  cowl l i p  MD, 2 .O. 

5 

Figure  6. - Concluded. Diffuser per- 
formance with engine; bypass open. 
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(a) Mach number a t  which conical shock in t e r sec t s  cowl l i p  %, 1.58. 
.9 

.8 

(b)  Mach nuuiber at which conical shock in t e r sec t s  cowl l i p  M,,, 1.7. 
.9 

A 

.8 

(c) Mach number at which conical shock in te rsec ts  cowl l i p  %, 1.8. 

Figure 7.  D i f f u s e r  performance  with  engine;  bypass  closed. 



22 NACA RM E54KL.1 

Free-stream &ch number, 
Mo I I 

(a) Mach number at which conical. shock interaects cowl l i p  %, 1.9. 

(e) Mach  number at which canical shock intersects caw1 l i p  %, 1.92. 

Figure 7. - Continued. Dif'fuser performance KLth engine; bypass 
closed. 
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Free-stream Mach  number, 

.b 
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( f )  Mach nuniber a t  which conical shock intersects cowl l i p  

1 .o 
, 2.0. 

.9 

.8 
12 16 -20  24 

Engine equivalent a i r  flow, - 
Ib/(sec) (as it> 4 5 3  ’ 

w3 6 

(g) Mach  number at which conical shuck intersects cowl l i p  
MD, 2.4. 

Figure 7 .  - Concluded. Diffuser performance x i t h  engine; 
bypass closed. 
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I 
Free-stream Mach number Engine Inlet Bypass Diffuser  
Mach rimer, a t  which coni- equivalent  equivalent total-  

MI7 -1 shock a ir  . f l o w ,  air f l o w ,  pressure 
t " 

intersects 
cowl l i p ,  

MD 
0 
0 

1.9 2.4 
1.9 1.9 

ratio 
P3/% 

19.6 1 9 . 6  . Closed 0.9l.S 
19.6 23.8 Open .a79 

.. 
Local total-pressure- ratio,  Pi/Po 

(a)  Ahead of bypass (station 2) .  (b) Compressor face  (station 3 ) .  

Figure 8. - Effect of spillage mechaniem on diffuser profiles. 
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Engine air flow requirement 
a t  35,000-ft  altitude 

---- Diffuser   cr i t ical  air flow 

1.7 1.8 1.9 2 .O 
Free-stream Mach number, 

Figure 10. - Translating-spike a i r  flow 
regulatlon. %, Mach number a t  which 
conical shock intersects  cowl l i p ;  
N/N,, ratio of engine rotative speed 
to rated speed. 
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28 1 
+ I  k 
d 

rl 

3 w 2oF 
16- 
1.7 

i Engine air  f l o w  requirement 
a t  35,000-f t a l t i t ude  

”- D i f f u s e r  c r i t i c a l  air flow 

1.8 1.9 2 .o 
Free-stream Mach number, 

Figure 11. - Bypass air flow  regulation. Mach 
number at  which conical shock in te rsec ts  cowl 
l i p  M~ = M ~ ;  N/N,, r a t i o  of engine  rotative 
spe-ed to   r a t ed  speed. 
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t I I 
Mach number at which 
conical shock in te r -  

. . sects  cowl lip, % 

Mo 

"- 2 .4  
2 -0 

1.58 

" 

"- 

1.7 1.8 1.9 2 .o 
Free-stream Mach number, 

Figure 12. - Variation of d i f f u e r  pressure 
recovery at .cr i t ica1  a i r  flow. 
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