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The performance of a two-dimensional  external-conrpression inlet de- 
signed  for  various methods of inlet-engine  matching - t o  Mach 3 was in- 
vestigated at Wch 1-89 and Mach 0. Angle-of-attack data a t  Mach 3.07 
were also  obtained. 

rs'e s= cr i t ica l   p ressure   recover ies  and smaller dis tor t ions  than any other  mtch- u ing method investigated for  the two-shock  and, at the lower mass flows, 
1 for   the   i sen t ropic   in le t s .  The throat  bypass had the best  performance of 

Supersonic  spillage by ro ta t ing   the  ramp as a uni t  gave hfgher 

the  bypasses w i t h  both ramps and  especially with the isentropic  ranrp at 
mass-flow rat ios   near  80 percent. All configurations were stable  over a 
range  of mass f low of 10 percent or better at zero angle of a t tack.  

When the top bypass was  used as an auxiliary  Fnlet  a t  Mach 0 with 
the  flow  divider  rotated  into the free-stream,  pressure  recovery  increased 
and distortion  decreased. With the flow  divider  out  and only the top 
door  open, the increase  in  recovery was  not as la rge  and d i s to r t ion  was 
increased. 

\ 
\ 

IPJ%OEUCTION 

As design Mach number'i  creases,  aircraft  having  air-breathing  engines 
must have larger  air in le t s   o rder  t o  supply  the  necessary air t o  the 
engines. These i n l e t s  shoul %I be  variable-geometry types in   o rde r   t o  give 
good performance a t  larer &ch numbers. Since, in   general ,  a variable- 
geometry i n l e t  designed  for  high Mach nunibers usually w i l l .  capture more 
air than  the  engine  can  use a t  lower hkch numbers, the  excess must e i t he r  
be   sp i l led  ahead of the i n l e t   o r  bypassed  around the engine. These 
operations must be accomplished e f f i c i en t ly   t o  keep the  drag a t  a minimum. 

x An investigation has been  conducted at the NACA L e w i s  laboratory  to 
determine  the  performance of an i n l e t ,  desFgned fo r  Mach 3, when operated 
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a t  Mwh 1.89 with different  bypass and spillage  arrangements. No attemgt 
was made t o  match this i n l e t  t o  any par t icularengine;   therefore ,  no match * .  
l i n e s  are shown on the f igures .  The model design made it possible   to  
operate the inlet at cr i t ical   condi t ions  over  a very wfde range of mass- 
f low  ra t ios .  This i n l e t  was also  invest igated a t  Mach 0 to  determine the 
performance at takeoff  both H t h  and  without  one of the bypasses  arranged 
as an aux i l i a ry   i n l e t .  The zero-angle-.of-at$sck  performance of this  in le t  
at Mach 3.07 is reported i n  reference 1. 

e 
SYMBOLS 

%,c,p cowl drag  coefficient from measured pressures 

m mass f l o w  

P to ta l   p ressure  

Subscripts: 

0 conditions  in free stream in capture area of i n l e t  

1 in le t   t h roa t  

UI 

c\) 
03 

3 compressor face 

Superscript: 

* choked flow under ideal  conditions 

The investigation was conducted on a two-dimensional model designed 
for  inlet-engine matching up t o  Mach 3. Photographs  and  sketches of the 
model appear i n  figure I, where the nomenclature used i n   r e f e r r i n g   t o  the 
various  parts of the diffuser is indicated. The model was mounted i n  the 
tunnel with the  compression surface on the lower s ide  of  the in l e t .  
Either a two-oblique-shock or  isentropic ram could be used. The two- - 

shock  surface was hinged  between the ramps a d  c o d a  be  pivoted about the 
leading edge s o  that  any angle  could be s e t  on e i ther  ramp. The center 
sect ion of the  isentrGpic ramp m6 matie of. spring  s teel ;  and, by adjusting 
t h e  rear r i g i d  section and pivoting the  ramp, about the leading edge, a 
variety .of contours  could be obtaFned. 

by ro t a t ing  the rampsJ (2)  top bypass With flow divider and control 

- 

. .  

Matching methods- i l lustrated i n  f igure 1 are (1) supersonlc  spillage b 
" 
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door, (3) top bypass  without flow divider, (4) throat  bypass w i t h  bottom 
control  door,  and (5) bottom  bypass and control  door with short   d i f fuser  
p l a t e .  Any of  these matching methods could be used with e i ther  courgres- 
sion  surface.  The r a m  scoop used for  the  throat  bypass  could also be 
used f o r  boundary-layer  bleed with the  other  matching methods. 

Internal   area  var ia t ions of the diffuser are shown i n   f i g u r e  2 f o r  
typ ica l   pos i t ions  of both ramp at Mach 1.89. The basic  diffuser (bypass 
not  used) had a fairly continuous area var iat ion a t  these off-design 
conditions;  but, when the  flow  divider was remove& fo r  a toy bypass con- 
f igura t ion  or when the short d i f f u s e r  p l a t e  w a s  used fo r   t he  bottom by- 
pass  arrangement,  an  overexpansion  and  an abrupt contraction  occurred. 

The various  contours  of the isentropic  ram that were used are shown 
i n   f i g u r e  3. The bbch 3.07 contour was the design  contour at Mach 3.07 
and was ro ta ted  as a uni t   to   several   angular   posi t ions  in  the present 
test. In  the absence of the  external COWL shock, the Mach 1.89 contours, 
which  were obtained by f lexing the raw from an i n i t i a l  angle  of either 

free-stream Mach  number of 1.89. 
% Oo or  6O, would  have focused the compression waves at the cowl l i p  a t  a 
cd 
P 

The cowl was designed with an   i n i t i a l   ex t e rna l   ang le  of 31°, but 
during  construction the leading edge was bent  to 39O (fig. 3). This d e -  
ference  did  not change the locat ion of the leading edge. Since  both the 
ac tua l  and the theore t ica l   ex te rna l  cowl angles  exceeded the shock- 
detachment value of 21' for &ch 1.89, this difference was not  considered 
inportant   to  the diffuser i n t e rna l  performance. 

I 

DATA REDUCTION 

Wss-flaw r a t i o s  were calculated us ing  the method of a choked e x i t  
plug  and the average t o t a l  pressure at the p lug  (which was obtained from 
a $O-tube rake i n   f r o n t  of the plug) and a flow coeff ic ient  of 0.965. 
This value of flow coeff ic tent  was obtained In an   ea r l i e r  test a t  Mach 
3.07 where the  capture mass-flow r a t i o  was  known to  be 1.0. Total-pressure 
recovery  and  distortion were obtained from an 18-tube rake  arranged  for 
area-weighted  averages  about a simulated compressor  hub. A stat ic-pressure 
pickup w&s attached a t  the coqres so r   s t a t ion .  The total-pressure  prof i les  
at the throat  were measured j u s t  behind the cowl-lip  plane. The refer- 
ence mas8 flow f o r  Mach 0 was computed assuming an ideal i n l e t  and d i f -  
fuser  and choked flow a t  the compressor s ta t ion .  

Traces from the static-pressure  pickup are shown i n  figure 4 f o r  dif- 
ferent  types of inlet   operat ion.   Flut ter  is used to   def ine  a local osc i l -  
l a t i o n  of the normal  shock during  subcri t ical  o-geration,  and buzz refers 
t o  a v io len t   osc i l la t ion  of the normal shock  out t o   t he  front of the ramp. 
Actual  pressure  values  taken from the   t races  are not  considered  accurate 
because of i n e r t i a   i n  the recorder. 

3 

8 
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TUNNEL 
I 

The Mwh 1.89 investigatiou was conducted i n  the Lewis 18- by 18-inch 
tunnel. The t o t a l  temprature w&s 150° F, and a dewgoint less than Oo F 
was maintained.  Tunnel  calibrations show that  the to ta l   p ressure  a t  the 
test sect ion is 0.972 of that upstream of the nozzle. This value was 
used i n  the calculations,  b u t  some inlet   throat  total-pressure  recoveries 
obtained la te  in the test  were as much as 2 percent greater than  unity. 
Therefore, the correct v a l u e  of' free-stream to ta l   p ressure  i s  somewhat 
i n  doubt,  and there is a poss ib i l i t y  that recoveries  reported here may be 
as much as 2 percent  too  high. An er ror  of  this s i z e  would cause less 
than a 1-percent  increase i n  mass-flow r a t i o .  

. .. 

!G 
03 
N 

The Hach 3.07 investigation was conducted i n  the same f a s i l i t y  as 
used in   reference 1. 

The Mach 0 investigation was conducted i n  the Lewis duct  tunnel. The 
model was installed with the i n l e t  open t o  the atmosphere and the e x i t  
connected t o  exhausters through a surge tank. 

4 

L 

Shock Geometry 

The non-internalccontraction design  selected for the i n l e t  employed a 
high external  cowl-lip  angle that exceeded the shock-detachment angle O f  
21° a t  the test Mach number of 1.89.  Schlieren  photographs i n  f igure 5 
show the location of the shocks for the two-shock arid the isentropic ramps 
during  cr i t ical   operat ion at &ch 1.89. Ih these photographs the terminal 
angle of  the two-shock ramp was near detachment and the terminal angle of  
the Isentropic was near the theoret ical   angle   required  to   turn the flow 
t o  Mach 1. 

Two-Shock Ramps - 

_ .  

Effect  of ramp angles. - The i n l e t  performance with various two-shock 
ramp poeitions is s h o w   i n   f i g u r e  6. Ey ro ta t ing  the Mach 3.07 design 
set t ing  of  15' and 30° a6 a unit  about the firs-t-ram leading edge u n t i l  
the second  shock would theoret ical ly  f a l l  on the l ip,   neglecting the 

presence of the detached cowl shock, ramp angles of 5- and 2% are 30 30 
4 
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obtained. When the two-shock ramp was ro ta ted  as a unit  to  higher  angles, 
cri t ical   pressure  recovery  increased  and  distortion  decreased. The de- 
c rease   in   d i s tor t ion  was p a r t l y  a r e s u l t  of the  decrease  in  comgressor- 
face Mach  nuniber as mass flow decreased. For these  data,   the  throat ram 
scoop was maintained at a constant  1/8-inch height f o r  a l l  ramp posit ions.  
This height w&s near optimum a t  the  design Mach  number of 3.07 (ref. 1). 

Effect  of bypass. - A11 bypasses were investigated  with the 5- 3 O  and 
10 

4 

2% ram angles, and the r e s u l t s  are shown i n  figure 7. Figure  7(a) shows 

that both the cr i t ical   recovery  and  dis tor t ion  decreased  s l ight ly  as the 
throat  scoop height was increased.  Subcritical  recovery  increased when 
t h e   r a t i o  of scoop to   t h roa t  height was 0.375 o r  l a rger .  For the data 
w i t h  the  other  bypasses  in  f igure 7, the ram-scoop height was maintained 
a t  1/8 inch. When the tap bypsss uas used (fig. 7(b))  , c r i t i ca l   r ecove ry  
and distortion  decreased slightly w i t h  increased amounts of bypass  bleed. 
Without t he  flow divider (fig. 7 (c) ), both the cr i t ical  recovery  and dis- 
t o r t i o n  remained  constant as bleed increased.  Bleed  through the bottom 
bypass  (fig. 7 (a) ) increased  dis tor t ion but had l i t t l e  effect on recov- 
ery.   In  this  case  discontinuities  occurred  during  slrpercritfcal   opera- 
t i o n  w i t h  large amounts of bypass bleed. 

C r i t i c a l  performance. - A summary of  t h e   c r i t i c a l  performance from the 
preceding  curves, shown i n   f i g u r e  8, indicates  higher recovery  and  lower 
d i s to r t ion  w i t h  either higher ramp angles or  w i t h  boundary-layer bleed, 
or  both. When the ramps were rotated  independently  to  the  theoretically 
optimum angles  for  pressure  .recovery  (fig.   8(a)),   cri t ical   pressure re- 
covery was higher at a given mass-flow ra t io   than  when the rams were 
rotated as a u n i t .  

A comparison  of sp i l lage  methods ( f ig .  8(b)) shows that ro t a t ing  
the ramps as a un i t   fo r  shock sp i l lage  gave the highes t   c r i t i ca l   recovery  
and  lowest  distortion. O f  the bypasses,  generally,  the  throat  bypass had 
the highest recovery  and the lowest   dis tor t ion a t  any given mass flow. 
The bottom bypass had the poorest  performnce  primarily  because of  the 
high d is tor t ion .  

Isentropic Raw 

Effect of ramp se t t ing .  - The i n l e t  performance w i t h  a var ie ty  of 
isentropic  ram contours  and a constant ram-scoop height of 3/16 inch, 
which was  near optimum at Mach 3.07, is shown i n   f i g u r e  9. When the Mach 
3.07 contour was rotated  about the leading edge for   supersonic   spi l l ,  the 
recovery  increased and the distortion  decreased at the higher ramp angles. 
All ram settings tended t o  have a wide s tab le  range. The subc r i t i ca l  
recovery of the higher ramp angles was very high. The dis tor t ions  were 
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more a function of mass flow than  of ramp settings  or  contours. As the 
ramp angles  increased,  the  strength of  the detached cowl  shock  decreased, 
which could  have.some e f f ec t  on the operating  characterist ics  of the 
i n l e t  . 

Effect of bypass. - The performance of the  various  bypass S Y S h G  
w i t h  the Mach 3.07 ramp contour (Oo and 22.4O) is shown in   f igure  10. 
Small amounts of  throat  bleed  (fig.   10(a))  increased the c r i t i c a l  recovery, 
but  EL^ the bleed w e  increased  further  the  critical  recovery  decreased. 
Subc r i t i ca l   s t ab i l i t y  remained la rge  w i t h  about the same recovery  for a l l  
scoop heights. 

For the other bypass data I n  the figure, the ram-scoop height was 
maintained a t  3/16 inch.  Critical  recovery  decreased as much as 5 percent 
as bleed was increased  through the top  bypass w i t h  the flow d i v i d e r  ( f ig .  
10(b)), b u t  the subcrit ical   recovery remained  about the same, w i t h  a large 
s table   range.   Cri t ical   d is tor t ion remained high as bleed was increased. 

Bleed through the tap by-pass without the flow divider  increased sub- 
cr i t ical   recovery  s l ight ly ,   but   cr i t ical   recovery  s tayed  about  the same 
(fig.  lO(c)).  Increased  bleed  aggravated  distortion. Removing the 
divider d id  not produce  any  appreciable improvement in   d i s tor t ion ,  
whereas it d id  a t  Mach 3 (ref. 1). This  can  partly be a t t r i bu ted   t o  the- 
fact  that the percentage area discontinuity caused by  removing the divider 
was not as large w-ith the Mach 1.89 ramp posi t ion as with the Mach 3.07 
posit ions.  . .  

Small amounts of  bleed  through the bottom  bypass  increased c r i t i c a l  
recovery,  but  recovery  then  decreased for large amounts -of bleed  (fig-,- 
lO(d)).  Subcritical-  recovery was about  constant, and the stable range 
was a l i t t l e  larger than f o r t h e  other  bypasses.  Distortion remained 
high even a t  IQW mass flaws. ." - . - . . ." "I. .. ." 

The bypass performance w i t h  the Mach 1.89 contour (0' and 22.4' ramp 
angles) is presented  in  f igure 11. The e f f ec t  of throat   b leed  ( f ig .  11 
( a ) )  was about the came as for the Mach 3.07 contour. Low bleed rates 
increased  cri t ical   recovery  sl ightly,  but higher bleed rates decreased 
it. Subcritical  recovery peaked  and  then  decreased as mass flow was re -  
duced, b u t  the stable  range  remained  quite  large.  Distortion  again was 
nearly 8 function of mass flow, decreasing as the mass f l o w  decreased. 

For the remawing bypass data in this figure,  a constant  ram-scoq 
height of 3/16 inch was used. When the top bypass was used both with and 
without the f low  divider ,   cr i t ical  pressure recovery  increased  slightly 
with small amounts of  bypass bleed (f igs .  U(b) and  (c)) . With the flow 
divider,  there was a small s tab le  range that peaked j u s t  before  buzz. The 
stable range wa6 about  twice as large  without the divider as with i t .  
Distortions were nearly constant-for a l l  bypass bleeas with the divFder 
b u t  var ied  with the mass flow without the divlder. 

4 

4 
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There were 
bypass with the 

er ra t i c   supe rc r i t i ca l  mass-flow changes when the bottom 
short  diffusep p l a t e  w a s  used ( f ig .  l l ( d ) ) .  These varia- 

tions  probably were a r e s u l t  of the par t icu lar   -pos i t ion  of  
shock w i t h  respec t   to  the bypass. A l l  pressure  recoveries 
high bypass bleed; and the dis tor t ion,  which was high with 
worse as  the  bleed yas increased. 

The bkch 1.89 contour (So and 21.2O) vas investigated 

the normal 
decreased w i t h  
no bleed,  becaae 

only with the 
throat bypass ( f ig .  12) .  The recovery  increased and then  decreased as 
the b leed   ra te  was increased, while the  distortion  decreased  steadily.  

C r i t i c a l  performance. - A s u r ~ ~ ~ y  of cr i t ica l   opera t ion   wi th   the  
various  isentropic ramp contours  (fig. 13(a) ) shows that small amounts 
of  bleed  through  the r a m  scoop increased  cri t ical   recovery and Lowered 
d i s to r t ion   fo r  a l l  contours.  Rotating the Mach 3.07 contour raw as a 
u n i t  to  higher  angles  increased  recovery  until  the  shock  detached from 
the   rear  of the ramp, and  then  the  recovery  decreased. The difference 
between the Mmh 3.07 contour  and the Each 1.89 contour a t  amroximate- 
the same final ramp angle is probably a r e s u l t  of the change i n  cowl shock 
strength as the contour of the ramp and the attendant compression zone 
are changed. 

The c r i t i c a l  recovery  increased with throat  bleed (fig. 13(b) )   to  a 
maximum f o r  each  contour  and  then  dropped  off as the  bleed was fur ther  
increased. For most of  the contours, as throat  bleed was increased, the 
dis tor t ion  decreased. This was p a r t l y  due t o   t h e  lower Mach  number at the 
compressor. 

Comparison of the d i f fe ren t  matching methods a t  c r i t i ca l   ope ra t ion  
nith the Mach 3.07 contour shows that the highest recovery and the lowest 
d i s tor t ion  were obtained at high mass-flow r a t i o s  with the throat  bypass 
and at low mass-flow r a t i o s  with supe rc r i t i ca l   sp i l l age  by the ramp (fig. 
14(a)) .  The top  bypass  without  flow divider was the least e f fec t ive  w i t h  
the Mach 3 contour. A l l  methods with the Wch 1.89 contour were nearly 
the same for   c r i t i ca l   recovery  and d i s to r t ion  w i t h  the  exception of  the 
bottom  bypass, which had l a rge   d i s to r t ions   a t  low aass flows (fig.  14(b) 1. 

Prof i les  

Critical  pressure-recovery  contours a t  the conq?ressor face are shown 
i n  f i g u r e  I 5  t o  compare the e f f ec t  of  the different  bypasses on the dis- 
to r t ion .  All the  contours  are symmetrical about a vertical line  through 
the hub with an area of high pressure next t o  the hub on each  side.  Using 
bypasses on ei ther   the  top  or  bottom of the   diffuser   shif ted  these high- 
pressure  regions  toward the .bypass. 
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Pressure-recovery  profiles a t  the throat  during c r i t i ca l   ope ra t ion  
fo r - the  two-shock and isentropic ramps were nearly  uniform  for the high 
raw angles  but were poor for some of the lower ones ( f ig .  16).  With the 
low  ramp angles, the e f f ec t  of the detached coW1 shock  would become  more 
evident. Some of the recovery  ratios with the isentropic ramp exceeded 
unity,  indicating, as noted earlier i n  the APPARATUS AND PRO- section, 
that the cal ibrat ion of tunnel   total   pressure was low for  this 
investigation. 

.. 

C o w l  Drag 

The measured  cowl pressure-drag  coefficients  decreased  with  decreasing 
mass flow  (fig.  17) .  The coefficients  did  not  vary by much more than 
0.03 at any  given mass-flow r a t i o   f o r  the various two-shock ramp posit ions 
( f ig .   17(a) ) ,  b u t  the  variation was greater with the isentropic ramp 
posi t ions  ( f ig .   17(b)) .  

- 
" 

IXSEl? -CE AT ANGLE OF ATTACK 

Mach 3.07 
h ." 

The model was also investigated  through a range of angle of attack L 

and yaw. The two-shock r a q  (15' and 30') at  Mach 3.07 wi th  throat  bleed 
had a c r i t i c a l  recovery  varying  from 53 t o  67 percent for angles  of  attack 
of +€lo t o  -8' and angles of yaw  up trr 7' ( f ig .  18). The s t a b i l i t y  range 
was very small f n p o s i t i v e   a n g l e s  of  a t tack  but  improved fo r   t he  nega- 
t i v e  angles. Distortion was nearly the same fo r  all angles,  except for 
the 7 O  yaw, where it was much worse. 

The isentropic Mach 3.07 contour (6' and 28.4') with throat  bleed had 
c r i t i ca l   r ecove r i e s  that ranged  from 49 to. 75 ercent for angles  of  attack 
of  t o  -8' and yaw angles Q t o  7' ( f ig .  197. The s tab i l i ty   range  was 
35 percent a t  -8' angle of attack b u t  dropped t o  5 percent at eo. A t  
angles of yaw there was no stable range. 

". ." 

Mach 1.89 

Crit ical   pressure  recovery of the two-shock ramp (% 3O and 2s') w i t h  

throat  bleed a t  Mach 1.89 varied between 74 and 92 percent  for  angles of 
a t tack  from +8O t o  -8' and yaw  up t o  8O ( f ig .  20(a)). Stabil i ty  range 
was f a i r l y  uniform at all angles. The trends i n  d is tor t ion  were about the 
same f o r  a l l  angles  except at 8O yaw, where there was a considerable in- 
crease a t  subcri t ical   operat ion,  which m i g h t  b e  a r e s u l t  of separation on 
the side fair ing.  ' . .  a - 

. 
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Some typica l  bypass 'sett ings were investigated with the two-shock 
ramp at angles of a t tack  and yaw. With throat  bypass a t  a r a t i o  of scoop 
to   throat   height  of 0.250, the   c r i t i ca l   recovery  at each  angle of a t tack  
or  yaw changed very L i t t l e  from that with no bypass,  although  the  stable 
range  did  increase  (fig.  20(b)).  Distortions were the same as without a 
bypass,  except that there  was no increase at subcri t ical   operat ion a t  
angles of yaw. 

The top bypass with flow divider a t  a r a t i o  of divider  t o   t h roa t  
height of 0.250 and  with  throat  bleed had a pressure  recovery and s tab le  
range  about  the same as without a bypass, but the spread .In mass flow was 
smaller  for  the same model a t t i t udes   ( f ig .  Z O ( c ) ) .  Distortions were a l so  
about the same as wlthout a bypass. 

The c r i t i c a l  recovery of the isentropic  ramp with B c h  3.07 contour 
(0' and 22.4O) w i t h  throat  bleed ranged from 78 t o  94 percent  for  angles 
of attack from 4-8' t o  -8O and yaw angles up t o  7' at  Mach 1.89 (fig. 21). 
The s tab i l i ty   range  was  25 percent at Oo, -4O, and -8O b u t  decreased to 
5 percent  for +4O and a l l  angles of yaw. AU dis tor t ions  were near that 
f o r  the zero a t t i t u e  except a t  +8O, when d is tor t ion  was higher. 

w 

Two-Shock Raws 
i It may be mechanically feaslble t o  use the top  bypass as an auxiliary 

inlet   to   ipprove the Mach 0 performance. The f l o w  divider  could be ro ta ted  
in to   the   f ree  stream, or if it were removed the top  control  door  could  be 
opened. The e f f ec t  on performance w i t h  the two-shock raw is shown i n  
f igure  22. figure  22(a), the performance  without the auxi l ia ry   in le t  
is shown w i t h  several  rELnrp angles. The pressure  recovery  decreased and 
dls tor t ion  increased  ae  mass flow tncreased a t  a l l  rasp se t t ings .  When 
using the two-shock raqp, the air choked at the coppressor  before it 
did a t  the  inlet   entrance.  The ramp posi t ion Oo and 00 had the highest 
recovery  and also nearly the highest d is tor t ion .  

4 

L 

The i n l e t  performance w i t h  the flow divider   rotated  into the f r e e  
stream as an   auxi l ia ry   in le t  is shown i n  f igure 22(b) for   several   posi-  
t ions of the  divider  and w i t h  the comgression ramp s e t  a t  Oo and Oo. 
Pressure  recovery w&s increased  appreciably  and  distortion w a s  less than 
without the auxi l ia ry   in le t .  Without the flow  divider b u t  using the tqp 
control door ( f ig .  22(c)), pressure  recovery w a ~  not as high as with the 
flow  divider b u t  higher  than  without  an auxiliary i n l e t .  However, dis- 
to r t ion  was even  higher  than  without the aux i l i a ry   i n l e t .  The in le t   per -  
formance with the flow divider   rotated  into the free stream  for ramp angles 
of Oo and  7i0,  and Oo and 15' is  s h m  in   f i gu res  22 (a) and (e),  
respectively.  
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I n  f igure 23, the i n l e t  performance with the Mach 3,07 contour (Oo 
and 22.4O) is presented.  Without.an  auxiliary  inlet ,  the air  could be 
choked at the diffuser entrance. The i n l e t  performance  using the flow 
divider as an  auxi l iary inlet appears in  figure  23(a)  and  without the 
flow div ider  in   Ngure  23(b) .  The top bypass wi th  the flow  divider 
again was a better auxi l iary  inlet   than it was without the flow  divider. 
Figures 24 and 25 show the i n l e t  performance with the Mach 3.07 contour 
(-12.3' and 10.10) and a flat wedge contour (6O and 6O), respectively, 
with the flow  divider  rotated  into the free stream. E- 

+ 

SUMMARY OF RESULTS 

The performance  of a two-dimensional,  external-compression i n l e t  
designed  for  efficient  engine-inlet  matching up t o   b c h  3 was investigated 
a t  Mach 1.89 and Mach 0. The inlet   could be operated w i t h  e i ther  a 
variable two-oblique-shock or  a variable  isentrqpic-compression  surface. 
For  matching, air could be bypassed  through  doors on opposite  sides  of 
the subsonic  diffuser or through a ram scoop i n  the throat,  o r  the com- 
pression  surface couLd be rotated  to  give  supersonic  spil lage.  A t  Mach 0, 
the bypass  opposite the external  coqpression  side  could be opened fo r  use 
as an  auxi l iary  tnlet .  The following  results were obtained: I 

- 

* 

1. Of all match methods wlth the two-shock ramp, supersonic  spillage 
by rotat ing  the ramps as a uni t  with a 15' included  angle gave the highest 
c r i t i c a l  pressure recovery  and the least distortton  over the complete 
range of mass flows. 

2. With the two-shock raw and  bypasses,  the  higheet 
recovery at a l l  mass flows  and the lowesi  distortlon a t  the lower m9s8 
flows were obtained using a throat  bypass,   but  stabil i ty for a l l  config- 
urations was about the same. Both the top bypass  and the bottom by-pase 
had about the same cr i t ica l  recovery. The bottom bypass had the hFghest 
dis tor t ion.  

3. With the  isentropic ramp, the &ch 3.07 contour  rotated as a unit  
t o  match by supersonic s-pillage and the Eipsch 3.07 contour (Oo and 22.4O) 
with throat  bypass were the be t t e r  matching methods a t  low and high mass 
flows,  respectively.. Best cr i t ical   recovery was  about 94.5 percent. 

4. The pressure  recoveries w i t h  the Wch 1.89 contours  and  the dif-  
fe ren t  bypasses were all below 90 percent, with distortions  about the 
same or s l igh t ly  lower than  those  for the Mach 3.07 contour. 
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5. Performance a t  angles of a t tack  between -a0 and +8O with  the com- 
pression  surface on the lower side showed  good s t a b i l i t y  and  recovery at 
negative angles of a t tack,   both  s tabi l i ty  and  recovery  decreasing at 
positLve  angles. 

6. When the  top  bypass was used as an aux i l i a ry   i n l e t  at Each 0 with 
the flow divider   rotated o u t  i n to  the f r e e  stream, the pressure recovery 
increased  appreciably.  Without the f l o w  divider,  the  increase i n  r e -  
covery was not as large. 

7. The dis tor t ions  general ly  decreased when the  flow divider was 
used as the   auxi l ia ry   in le t ;  b u t  opening  the  top door without  the flow 
divider  resulted  in  distortions  higher  than  those  without an auxi l iary 
i n l e t  . 
Lewis Fl ight  Propulsion Laboratory 

National  Advisory Committee for  Aeronautics 
Cleveland, Ohio, February 20, 1958 
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(a) Throat bypass arrangement. 

(b) TOP bypass arrangement With flow divider and throat bleed. 

-q-op;ni& rTop bypass control d m  

Dlvlder h e i g h t  

air ontrol door 

(c) Schematlo view showing operation of throat and top bypass arrangement with leentropio ramp. 

Figure 2 .  - Qeometry of bypaee arrangements. 
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(d )  Tog bypass mangement  without florr divider and with  throat bleed. 

13 

43062 

( e )  Bottom bypass arrangement ulth throat  bleed. 

l i t t e r   p l a t e  

ypass opening 
Bottom bypass 
control  door 

(f) Schematic vlex shawlng operation of bot tm bypaaa ln th  two-shock ramp. 

F i g u r e  1. - Concluded. Cteometry of bypami arrangements. 
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Figure 4. - Definition of inlet st&ility -01s 
for Mach 1.89. 
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(a)  Two-shock ramp, 5- and % . 30 3O 
4 

(b) Isentropic ramp, 0' and 22.3'. 

Figure 5. - Schlieren photograph6 of model; cr i t ica l   opera t ion  
a t  Mach 1.89. - 
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Figure 6. - Performance of two-shock ramp using different ramp angles with 
constant scoop height  at Mach 1.89. 
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P i a u n  7. - Concluded. Performanoe of Wo-shank raw f b  and E& with  different bmmc.aB at Haah 1.89. 
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Figure 8. - Burrmrarg of critical performances of two-ehock ramp at Mach 1.89. 
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Mass-flow ratioy m3/mg 

Figure 9. - Performance of isentropic ramp with different ramp settings and 
contours with  constant scoop height at Mach 1.89. 
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Figure 10. - Conoluded. Performance of isentropic ramp with Mach 3.07 oontour (Oo and 22.4O) with  different bypaneas a t  Maoh 1.89. 
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1. 

. 

Figure 1 2 .  - ..Performance. of isentropic ... rwp with..Mach 1.89 con- 
tour  (6O and 21.2') with d i f f e ren t   r a t io s  of scoop t o  throat 
height a t  Mach 1.89. 
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0 
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2 
h 
A 

open 
SOUd 

-1.8 20.0 
0 22.4 Hach 3.07 
1.55 23.8 rotated 
3 25.5 1 asunit I 

.5 .6 .7 -8 -9 1.0 
Critical mass-flow rat io ,  

(b) All contour settinge  vith eng throat  bleed. 

Figure 13. - Summary of critical performance of Lsentroplc ranp 
a t  Mach 1.89. 
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1 I I 1 I I I I I I I 
0 Rotated as unit, cons tan t  scoop height 
0 Throat bypaas 

I I I I I I I I I I I 

.2 

.1 . 
(a) Mach 3.07 contour (0' and 22.4' except when rotated).  

C r i t i c d  mass-flow ra t io ,  lu3/mg 
(b) Mach 1.89 contour (Oa and 22.4O). Ratio of scoop 'to throat height, 

0.08, except d t h  throat bypass. 

Mgure 14. - Summary of c r i t i c a l  performance of isentropic ramp with all 
bypass arrengements at Mach 1.89. 
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Ramp angles, deg 
W P O  0.07 
% b o  0.91 
A P 0 3  0.125. 

0.92 
0.58 
0.065 

.t bypass 
A2 @ 0.375 

$* 4 
0 -86 
0.65 
0.08 

0.80 . 
0 -13 

. 0.63 
1 0.11 

Figure 15. - Crltical  pressure-recovery contours at compressor face uith two-shock 
ramp and different matching methods. 
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Top bypaes without 
divider (throat 

bleed) '31'0 

O i 8 6  
0.74 

0.14 

Bottom bypaee u i t h  

Bypass height 
Throat  height 

0.163 0 .-342 

Figure 15. - CQncluded. Critical pressure-recovery  contours a t  compressor face with 
two-shock ramp and different  matching  methods. 
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(b) Two-shock ramp (70 and 22O). 

Ij 
80 

40 

20 

0 
.7 -8 .9 1.0 

Totd-pressure recovery, 9/p0 

(c) Two-shock ramp (loo and 2So). 

Figure 16. - Total-pressure profiles at t h a t  during c r i t i c a l  opera- 
t i on  at Mach 1.89. 
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80 Cri t ica l  Throat 
PdPO %/% bleed - 

Kl 0.920 0.582 With - 
-892 .625 Without 

40 

20.  
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L 

20' L 
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0 
(e) ~cvo-shock ramp (4 and 1% 1. lo 

100. 
ch 1 I 

80 b, .866 .86D With - .850 .967 Without 

.7 .8 .9 1.0 1.1 
wtd-pressure  recovery, P1/Po 

(f') Isentropic ramp with Mach 3.07 contour (-1.8O and 20.6O). 

Figure 16. - Continued. Total-pressure  proffles at throat  wing c r i t i c a l  
operation at  Mach 1.89. 
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I I 

(g) Isentropic remp with Mach 3.07 contour (Oo and 22.4'). 

80 -952 683 With 
-913 786 Without 

60 

4x3 

20 

0 

(h)  Isentropic rqp with Mach 3.07 contour (1.35O and 23.8'). 

Tot&-pressure recovery, P1/Po 

(i) Isentropic ramp with Mach 3.07 contour (3' and 25.5O). 

Figure 16. - Continued.  Total-pressure profiles at throat durbg 
critFcal operation at Mach 1.89. 
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2 
-@ (j) Isentropic ramp with Mach 1.89 contour (0' and 22.4O). 
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0 100 I I I I 
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40 1 

20 

0s 8 

.9 1.0 1.1 
Total-pressure  recovery, F-JP~ 

(k) Isentropic  ramp with Mach 1.89 contour ( and 21.2'). 

Figure 16. - Concluded. Total-pressye profiles at  throat during 
critical  operation at Mach 1.89. 



NACA RM E58B13 L 37 

(E) Tuo-shock ramp wlth different rslrq, angles. 

- 

- 

- 

- 

.4 
i 

-5 .6 .? .8 .9 1.0 
Mass-flow ra t io ,  ut3/% 

(b) Isentropic ramp d t h  different ramp contours and settings. 

Figure 17. - Measured c o w l  pressure-drag coefficients based on compressor 
f rontel  area at Mach 1.89. 



38 NACA RM E58B13 

.7 

.6 

.5 

.4 

n n 

Mass-flox ra t io ,  q/mg 

Figure 18. - Mach 3.07 performance of two-shock ramp (Eo and 30') xith 
r s t i o  of scoop to throat height of 0.U6 at angles of attack and yaw. 
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Figure 19. - Mach 3 -07 performance of isentropic ramp (e Emd 2 8 . 4 O )  with 
ra t io  of scoop to throat height of 0.240 at..y@ee of attack and yaw. 
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~ a s s - n o w  ra t io ,  m&, 

( E )  No bypaas. Ratio of scoop to throat  height, 0.062. 

Figure 20. - Mach 1.89 performance of two-shock ramp (5;r and % ) at 30 30 

anglee of attack and ymf. 
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uo 
-4 
-8 I"+ A 

.4 .5 .6 .7 .9 
~ a s s - f l o w  ratio, %/mg 

(b) Tboat bypass. Ratio of scoop to throat height, 0.250. 

Figure 20. - Continued. Mach 1.89 performance of trscr-shock ramp (so and at angles of attack and yaw. 
30 
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.4  .5 .6 .7 .8 
~ s s - f l o w  r a t i o ,  m3/mg 

(c) Top bypass with flow divlder.  Ratio of divider t o  throat height, 0.2503 
ra t io  of scoop t o  throat  height, 0.062. . .  . " 

Figure 20. - Concluded. Mach 1.89 performance of two-shock ramp (5- an8 30 

30 4 
2% ) at w e s  of attack and yaw. 
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Figure 21. - Performance of isentropic ramp with Mach 3.07 contour 
(Oo and 22.4O) at Mach 1.89 at angles of attack and yaw. Ratio 
of scoop to throat height, 0.087. 
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.3 .4 .5 .6 .7 .8 
~ a s s - f ~ . o w  r a t i o ,  %/m; 

(a) NO auxiliazy inlet ,  first ramp o', second ramp rotated. 

Figure 22. - Effect on perfonaance of top bypase 86 auxiliary 
inlet with two-shock ramp at Mach 0. 
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(d)  Blow divldcr rotated Into free atman, top door full open. ( e )  Flcm divider  rotated Into mea stream, top door tu11 opm, 

rpmp q l e s  Oo and 3 . 10 ramp angles 0' and 15O. 

Plgura 22. - Concluded. Effect on periormanoe of top bypaam an auxiliary Inlet with  two-shock ramp at  Mach 0. 
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,Figure 24. - Ma& 0 performance of isentropic ramp wlth Mach 3.07 contour 
(-12.3' and 10.1O) with flow divider rotated I n t o  free stream and top 

i door f u l l  open. 
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F i w e  25. - Mach 0 performance of iaentmplc ramp vlth 6' flat wedge contour (60 and 
6O) with flow divider rotated lnto free stream and top door full open. IP 
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