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PRELIMINA.RY INVESTIGATIOPT AT MACH NUMBER 1.9 OF 

SIMuLclTED WING-ROOT INLETS 

By Thomas G. Piercy and Maynard I. Weinstein 

SUMMARY 

An experimental  investigation was conducted t o  study several wing- 
root inlet configurations a t  Mach n W e r  1.9. The inlets w e r e  of tri- 
angular and  rectangular shape, and external compression w a s  prodded by 
two-dimensional wedge surfaces. Inlets w e r e  tested al ternately  with 
s t ra ight   dif fusers  af relatively slow diffusion rate and with  curved 
diffUSerEj the curved-diffuser m o d e l s  simulate the ducting of proposed 
fighter aircraf t   requir ing relatively short  diffusion length and high 
rates of turning. 

The var ia t ion of i n l e t  pressure  recovery and c r i t i c a l  1.~88 flow 
with angle of attack  followed  closely  the  theoretical  trends,  although 
the pressure  recoveries were considerably lower than predicted  by two- 
dimensional shock theory.  Considerably lower pressure recoveries were 
obtained with the curved  subsonic diffusers than with s t rdgh t   d i f fuse r s .  

Large var ia t ions of to ta l   p ressure  and, i n  some cases,  regions of 
separated flow occurred at the e x i t s  CS the   d i f fusers .  Reductions in 
the 'var ia t ion  of total   pressure  and  elimfagtion of the  separrated regions 
were obtained with any of several  internal  flaw-control  devices tested 
with a typ ica l  m o d e l .  However) reduction of the over-all  pressure- 
recovery level generally  accowanied  iqruvenaents  in  the  diffuser-exit 
total-pressure  profiles . 

INTRODUCTION 

Engine a i r  inlets located i n  the wing root  have ehown suff ic ient  
merit at subsonic  speeds t o  make t h e m  competitive  with  other  inlet 
locat ions.   Fighter   a i rcraf t  employing  wing-root inlets are currently 
operational at transonic  flight  speeds  and are being  proposed for 
supersonic  velocities. 
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It has been shown ( refs .  1 and 2) that wing-root i n l e t e  of t b  
normal-shock type may give  satisfactory performance for f l i g h t  Mwh 
numbers  up to   1 .5 .  A t  higher f l i g h t  speeds, however, total-pressure 
losses become excessive and 8- form of supersonic compression is 
required. 

The present preliminary study was undertaken t o  explore at  Mach 
nuniber 1.9 the  internal  flow performance of' several  possible wing-root 
inlet designs  uti l izing two-dimensional  external-compression  surfaces. 

The ducting  requirements of proposed f igh te r   a i r c ra f t  were simulated. 
Because of length limitations,  the  subsonic diffusers of this c lass  of 
aircraft axe re la t ive ly  short, and incorporate high rate6 of turning 
i n  arder ta. duct the air. . to  the engine, which i s  buried within.  the 
fuselage.   Inlet  performance using these curved  subsonic diffusers i s  
compared with that obtained with straight diffusers  of lower diffusion- 
rate. . .  

. .  

. .  

. . .. .. 

. . " . .  . 

EZPfects on e x t e r n a l  aerodynamics w e r e  not  considered; that is, the 
i n l e t s  were  tested as .nose inlets. However; the  effects  of i n l e t  side 
pla tes  simulatirrg a fuselage-boundary-ayer  splitter  plate were deter- 
mined f o r  most of the configurations. 

* 

. 
Additional  investigations were also conducted t o  study  the  effec- . .. . 

tiveness of several  s-le devices  designed t o  improve the dlffuser- 
exi t   to ta l -pressure  prof i les  of one wing-root inlet model. These t e s t e  
were conducted i n  the 18- by 18-inch  tunnel. of the NACA Lewis laboratory 
at a Mach nuniber of 1.9. .. . . -  

The following synibols &re used in   t h i s   r epor t :  

A area . . .. . .  

AP 

2 distance along curved  centroidal  axis 

m,l/m, mass-flow ra t io ,  pZp12V2/p&pVo 

projected  inlet  area at zera angle of at tack 

P to ta l   p ressure  . . .  . .  

P s t a t i c  pressure .' - c 

. 
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R radius 

3 

v veloci ty  

X axial   d is tance 

a angle of a t tack  

P density 

Subscripts : 

C choking 

c r   c r i t i c a l  

mex maximum 

0 f r e e  stream 

1 throat  

2 diffuser-exit  rake s t a t ion  

Model Details 

Characteristic  shapes  and  dimensions of the wing-root inlets inves- 
t iga ted  are presented  in table I. Four inlet type8 were studied: I n l e t  
1 was of tr iangular shape  with  supersonic  compression  provided by an 
unswept two-dimensional wedge poeitioned along the  upper surface.   Inlet  
2 was a lso  triangular, but compression was provided Kith a central ly  
located unswept wedge. A rectangular  cross  section w a s  u t i l i zed  for 
i n l e t  3; supersonic-compression w obtained  from  an unswept two- 
dimensional wedge located along the upger surface. The ef fec t  of a 
compression surface  with 40° leading-edge sweepback was investigated 
wlth inlet 4, which was also of triangular shape. 

In l e t s  I, 3, and 4 were tested alternately with s t ra ight  and curved 
aubsonic  diffusers, while inlet 2 was investigated only with a straight 
dlffuser.  To distinguish between inlets having the supersonic- 
compression surfaces  but  with  alternate  subsonic  diffusers,  the various 
e e l s  have  been  designated with the letter S or C. For example, model 
rider 4-C represents the 40° swept i n l e t  with curved  subsonic  dif'fuser. 

In le t   s iz ing  was based on inlet-engine matching considerations; 
assuming a f ixed inlet geomtry,   in le t   throat  area was sized  to   provide 
a ve loc i ty   ra t io  of 1 fo r  a current high-performance engine at a cruise 
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Mach number of 0.9 and an a l t i t ude  of 35,009 feet. Wedge compression 
angles were chosen arb i t ra r i ly   to   p rovide  a compromise between high 
pressure recovery at Mach nmiber 1.9 and loxi flow-spillage  requirements. 
The i n l e t s  were designed for a theore t ica l  oblique-shock spi l lage of 
2 t o  3 percent  at Mach nmiber 1.9 and zero ailgle of attack;  as a conse- 
quence, an engine  bypass  (capable of bypaesing up t o  18-percent mss 
flow at Mach nmiber 1.9) would be  required t o  minimize spi l lage drag. 

Drawings of the  models are  presented  in  f igure 1, and model photo- 
graphs me presented in figure 2. Each model was integral ly   cast  with 
a mixture of bismuth and t in ;  however, the leading edges of t he   i n l e t  
w e r e  formed from brass inser ts   in   order   to   maintain the desired sharp- 
ness. With each inlet type,   transit ion i n  the subsonic  diffuser was 
made t o  a circular  cross  section. Models 1, 3, and 4 w e r e  tested with 
and without  side plates s imula t ing   boundary - l aye r - r e1   sp l i t t e r   p l a t e s .  

The lower l i p s  of the triangular i n l e t s  were not normal to   t he  
free-stream  direction. This geometrical feature wm the . r e su l t  of main- 
taining a uniform  shock spil lage  across the width of the inlet. For 
i n l e t  2, which incorporates a central ly  located compression surface, 
both upper and lower l i p s  w e r e  swept with respect t o  free-stream 
direction. . . .  . .  .. . . . . .  . . . . . . . . . . . 

3 
er) 

.. 
Since the compression surface of i n l e t  2 is located  centrally, t h i s  

i n l e t  a t t a ins  maximum pressure  recovery when the compression surface is 
at zero angle of attack with respec t   to  the free stream. The a x i s  of 
the subsonic  dlffuser was therefore  canted ?.uwn at 2 O  (corresponding t o  
a typical   cruise  angle) so  that the maxim pressure  recovery could be 
expected for  the  cruise  condition. For the  other  inlet  types,  pressure 
recovery would be expected to   increase with angle of attack. 

The area dis t r ibut ions of t he  i n l e t  subsonic  diffusers are presented 
i n  figures 3 and 4. For straight-diffuser models (fig;. 31, the area 
distribution  near the throat m a  determined,approximately by the c r i t e r i -  
on that the static-preasure  gradient be proportional t o   t h e   l o c a l   s t a t i c  
pressure (ref. 3). I n  the more rapidly expanding sections, the &ea 
dis t r ibut ion i s  approximately that given by a 7°-included-angle coue. 

For the  curved-diffuser models (fig.  41, the t o t a l  dif'fusion wa8 
less  than with the straight  diffusere because a centerbody s i r d a t i n g  
the accessory housing of the  engine was included. 

Instrumentation 

A schematic -diagrsm of the test set-up  and model instrumentation 
is sham i n  figure 5. As indlcated. i n  f igure 5 (a), the model was hung 
from a vert ical   support   s t rut  wlth which the model angle  &attack uae 
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varied from -30 t o  90. The aft support body contained four s t a t i c -  
pressure  orifices which were used for determining inlet mass flow. The 
forward  support body contained'the  total-pressure rakes used i n  deter- 
mining the inlet  total-pressure  recovery.  Since the curved-diffuser 
models were somewhat shorter than the corresponding  straight models, 
two forward  support  bodies were used. The lengths of' these sections 
(figs. 5(b) and (c) ) were chosen so  %hat each i n l e t  was a t  approximately 
the s a m  s t a t i o n   i n  the tunnel test section. The forward support body 
f o r  the curved-diffuse models also housed the strut for support of the 
curved-diffuser accessory  homing. Over-all total-pressure  recovery 
was obtained  from the area-weighted  average of measurements at the 
diff.user exit. Inlet mass flow was determined  using the static or i f ices  
i n  the aft support body tcgether with the assumption of a choked exit, 
the area of which was  controlled with a remotely operated plug. 

Flow conditions near the throats of i n l e t s  1, 3, and 4 were deter- 
mined wTth the rakes indicated in figure 6.  In addi t ion,   s ta t ic  arifices 
were located on the supersonic  compression  surfaces  and  throughout  the 
subsonic  diffuser crP each m c d e l .  

? The ef fec ts  of rods and screens (see f i g .  7) placed in te rna l ly  i n  
the  subsonic  diffuser as a means of improving the  exit   total-pressure 

2 profi les  .of m o d e l  3-S were investigated briefly. 

For the tests at W h  nuuiber 1.9, tunnel   total   pressure w a s  approxi- 
mately  atmospheric wbile t o t a l  temperature was held at 1500 F. The 
resul t ing Reynolds number was about 3.25~106 per foot.  The dew point 
was maintained below -100 F t o  minindze  condensation effects .  

Data w e r e  also obtained  for  zero  f l ight speed con&Ltions by 
induction of &ient air through each inlet. Instrumentation  for these 
t e s t s  w a s  i d e n t i c a l   t o  that f o r  the tests a t  Mach nunher 1.9 except 
that inlet mass flow waa determined with a standard A.S.M.E. or i f i ce  
connected.dmstream of the i n l e t  rake stat ion.  

DISCUSSION OF RESULTS 

Pressure-Recovery and Uass-Flow Data 

Inlet performance data f o r  the angle-&-attack range of -30 t o  go 
are presented i n  figure 8 f o r  each  wing-root inlet model investigated. 
I n l e t  mass flow is  referenced to that  which would pass  thraugh the 
stream tube of the projected inlet capture area at zero  angle of attack. 
As a result, the cr i t ic '& inlet mass-flow ratio  increased with angle of 
attack because of the increase  fn inlet projected area. Arrm on the 

dimensfond shock theory. 
i mass-flow scale indicate the theoretical cr i t ical   values   based on two- 
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. 
The measured c r i t i c a l  mass flow at zero  angle of attack was 

generally 2 t o  4 percent lower than  the  design  value,  except  for model 
-2-5 f o r  which the mass flow .was about 3 pepcent larger  than  expected. 
These differences are probably due, i n  large measure, to   fabr ica t ion  
tolerances i n  tbe inlet capture area. Nevertheless, the var ia t ion of 
measured c r i t i c a l  mass-flow ratio  wlth  angle of attack  followed  the 
trends predicted. For the swept in le t s ,  two-dimensional analysis of the 
normal component flow  indicates  that detachment of the flow a t   t h e  
compression surface  should occur at angles .& attack greater than  3O. 
I n  v i e w  of t he   d i f f i cu l t i e s  encountered in   predict ing shock locations 
and f l a i  directions--for  detached f l o w  conditions,  the arrow6 on the 
mass-fluw sca le   for  the swept inlets merely indicate the r a t i o  of pro- 
Jected inlet are& at angle of attack to that at  zero  angle of attack. 

4 

.. 
. " 

". 

3 M 

The inlets shared 1 i t t l e . m  no subcr i t ica l   s tab i l i ty .  (The only 
s t a b i l i t y  noted  occurred wfth the  straight-diffuser made11s 1-S and 3-S 
at the  highest angles of attack  investigated.)  In  general, it wae 
d i f f i c u l t  to interpret  the i n l e t  shock pat terns-with  exis t ing  tunnel  
schlieren equipment became of the  skewed nature of the inlet compression 
surfaces. Shock in s t ab i l i t y  noted i n  the ~ c h l i e r e n  equipment has been 
designated by dashed l i nes  i n  f igure 8. Quite  often minor shock 
osc i l la t ion  was observed fat-mass-flow ra t io s  less than the c r i t i c a l  
valuej when the  mass flow w a s  reduced below the peak pressure  value,  the I 

shock osc i l la t ion  appeared to  increase  in  both  frequency and  amplitude. 

.I 

These general  observations were later-;verified by the   ins ta l la t ion  
of a dynamic-pressure  pickup with model 4-S. With this instrumentation 
a small-amplitude  pressure  variation (Ap2/Po  of 0.03) was observed 
during  supercritical  operation. (This f luctuat ion i s  probably due t o  
Local  boundary-layer  separation  within  the inlet.) For angles ofL-  
at tack of 3O or less, no change in   this   pressure  f luctuat ion was noted 
as the mass flow was reducedto  the peak pressure-recovery  value. For 
lower mass flows, however, the  pressure  fluctuation  increased  rapidly 
t o  Apz/Po  of 0.15. A t  angles of a t tack  of 6O and go, the  pressure 
f luctuat ion remained at Apz/P, of 0.03 throughout the mass-flow range 
investigated. . .  

For the   s t ra ight   -d i f fuser   in le t s  (with the exception of m o d e l  2 - S ) ,  
peak pressure  recovery  generally was obtained at mass flows wi th in  5 
percent of the critical  valuesj  with  the  curved-diffuser models, peak- 
pressure  recovery  occurred a t  lower mass flows (up t o  17 percent less 
than  the  cr i t ical  mass flow . f o r  model 4-C) . 

Effect d. Inlet Side Plates and. Curved Diffusers 

The e f fec t  of i n k t  s.ide p la tes  on inlet peak pressure  recovery 
has been summarized in   f i gu re  9. The unswept i n l e t s  were benefited 

.. . 
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s l igh t ly  by the  use of the  s ide  plates ,  whereas the swept i n l e t  
experienced a total-pressure loss of approximately 0.02. An examination 
of figure 8 shows l i t t l e  or no e f fec t  of side p la tes  on the c r i t i c a l  
i n l e t  mass flow. Inasmuch as the  side p la t e  for each model w a s  a l ined 
ui th   the local free.-stream direction, all noted changes i n  performance 
are believed due t o  the effects of side-plate  boundary-layer growth on 
the  subsonic-diffuser performance. 

The experimental  pressure  recovery of each inlet type i s  compared 
with a two-dimensional theore t ica l  shock pressure  recovery i n  figure 10. 
The theoret ical   recaveries  w e r e  computed from the  losses  across  the 
obligue  shock  originating at the  campression surface and  across  an 
in t e rna l  normal  shock at the throat section of the  model. For the swept 
in le t s ,  detachment of the normal flow component complicated the analysis. 
The theoretical   pressure  recovery  presented  in figme 10 f o r  the swept 
inlets is based on the  streamwise flow plane  rather  than the normal 
flow component. Experimental  values of crit ical  and peak pressure 
recovery are sumnarized for   both straight and  curved diffusers. 

The experimental  pressme  recovery  follows  the theoretical trends 
with angle of a t tack fairly closely  although at lower values, indicating 
considerable  diffusion  losses. A t  t he  cri t ical  inlet pressure-recovery 
condition, the losses were considerably larger for the curved-diffuser 
models than  for comparable straight-diffuser models u t i l i z ing  the same 
supersonic-compression surfaces. 

The ef fec ts  of i n l e t  shape, conpression-surface sweep, and 
compression-surface  location may also be obtained from figure 10. With 
the  exception of the  inlet with  centrally  located  conpression  surface, 
a peak pressure  recovery of 85.SJ percent w a s  attained;  also,  diffnsion 
losses were  essent ia l ly   the  s a m  regardless of i n l e t  shape or compression- 
surface sweep. However, the minimum diffusion loss for   the   cen t ra l ly  
located conpression-surface inlet was larger  than  for the other  straight- 
diffuser  inlet types. 

A t  zero  angle of attack  the  pressure  recovery of the  swept inlet 
is s o n e w h a t  lower than waa at tained  with either the triangular or 
rectangular   inlets  of zero  leading-edge sweep, probably  because of the 
re la t ive ly  smal l  amount of compression offered by the  swept inlets. 
The swept inlets  could  probably have  been made comparable t o  the unswept 
i n l e t s  at low angles of attack by  using  larger  canpression  angles. 

Exit  and Inlet Total-Pressure  Distributions 

Total-pressure  profiles and wall stat ic-pressure  ra t ios  at the 
diffuser   exi ts  are presented  in  f igure 11 for  angles of attack of 
zero  and 6'. These distributions  correspond t o  operation at o r  near  
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* 
the peak  pressure-recovery  conaition. The projected i n l e t  th roa t  " 

section is a l so  s h m  with dashed lines'-for  each  inlet  type to indicate 
the  direction and rate of subsonic  diffusion.  Separation, when it - 
occurred at the exit-rake station, i s  indicated with a series of pa ra l l e l  
shaded l ines .  

For a l l  inlets large total-pressure  gradients  occurred  across the 
e x i t  of the diffuser.  At zero angle of att,ack the minimum spread of 
total-pressure  recovery &8 percent of the weighted  average t o t a l  
pressure}  occurred with model 2-5. For the other  straight-diffuser 
models, variations of from -13 t o  +19 percent were observed. Even 
larger  variations of total   pressure (up t o  228 percent}  occurred i n  the 
curved diffusers.  A t  an angle of attack of 60, the over-all  pressure 
variation  across  the diffuser e x i t  was  generally  reduced. 

For the  straight -diffuser models' the maximum pressure  region was 
usual ly   in   the lower quadrants,  with  separation (when it occurred) i n  
the upper  quadrants. For the cymed-diff.user...qoels the high-pressure 
regions  occurred on the windward.side of the sinnrlated  accessory 
housing, while  rehktively low pressure was measured on the leeward s ide 
of the housing.  Separation was observed on both the dndward  diffuser * 
wall and on the leeward accessory-housing Bide at zero angle of attack; 
however,  no separation was evident at 6O. The largest separated  regions 
occurred with model .3-S, probably  because of the rapid turning of the 
upper diffuser  wall downstream of the throat.  Roughness added upstream 
of the throat did not  decrease the separation, but lowered the average 
total-pressure  recovery. 

. .. 

. .  

2 

The s ta t ic   pressure at the   ex i t   s ta t ion  of' the   s t ra ight   dif fusers  
was quite uniform, whereas circumferential  static-pressure  gradient6 
were frequently measured with the curved W f u s e r s .  Msch  number or 
veloci ty   prof i les  at the  exi ts  of the  strai ,ght  diffusers  my be ob- 
tained  quite  easily from the s t a t i c -  and tqtal-pressure  ratios  presented. 
However, f o r  the curved difmers it would be necessary t o  mcount for 
the  circumferential  static-preesure  variation  in  determining the value8 
of loca l   s ta t ic -   to   to ta l -pressure   ra t ios .  

Typical  total-pressure  dietributions and w a l l  s ta t ic-pressure  ra t ios  
near the throats of s e v e r a l m d e l s  during subcr i t ica l  i n l e t  operation 
are presented  in figure 12. These data were obtained with the i n l e t  
rakes of figure 6. The dis t r ibut ions w e r e  obtained with the  straight- 
diffuser models, but  apply  equally well t o  the comparable curved-affuser 
models inasmuch as the same supersonic-compression  surfaces were used. 
The pressure  recovery  obtatned from two-dwnsional shock theory is pre- 
sented  for each  condition. 

. . . ." 

. .  

Beparation at the in le t   th roa t  waa observed only for the swept L 

inlets. T h i s  separation  occurred i n  the upper  corner of the inlet at 
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the  junction of compression surface and i n l e t  side wall and w&6 increased 
by the  addition of the side plate .  Low t o t a l  pressures existed  along 
the upper throat surfaces and inlet side w a l l  because aP boundary-layer 
growth on these  suyfaces.  The..highest  pressures in  general  occurred  near 
the  centroids of the inlet. cross  section. The local regions where 
measured pressures were higher than predicted by t h e  two-dintensional 
shock theory w e r e  probably caused by shock pat terns   different  from  those 
assumed; that is, boundary-layer growth in  the  supersonic diffuser may 
have caused local  obllque shocks not  accounted  for. 

Supersonic  and  subsonic d i f fus ion   in   the   var ious  models may be 
f’urtl~er evaluated by means of static-pressure  distributions on the com- 
pression surfaces and throughout  the  subsonic diffuser. Typical  plots 
of these  static-pressure  distributions and corresponding e x i t   t o t a l  
pressures are given i n   f i g u r e  I 3  for cri t ical  inlet   operation. The 
outlines shown correspond to   p lan  forms of the  inlets. Sol id   internal  
l i nes  correspond t o  the  intersect ion of constant  pressure  sur-?aces on 
the   in te rna l  upper surface of the model, w h i l e  the  dashed in te rna l   l ines  
a re  f o r  t he   i n t e rna l  lawer surface of the model. 

The theore t ica l   s ta t ic -pressure   ra t ios  on the campression  surfaces 
were 0.28, 0.38, and 0.22 f o r   i n l e t s  1, 3, and 4, respectively. The 
measured stat ic   pressures  on the compression surfaces were reasonably 
c lose   t o  the theoret ical  values, and the  pressures  for comparable 
s t r s igh t -  and curved-diffuser models were .about equivalent, as w a s  
expected. The better diffuser  performance of the straight diffusers  i s  
evident  from comparisons of the  static-pressure  gradients and the   to ta l -  
pressure  profiles a t  the diffuser exi t .  The s ta t ic   p ressure   in   the  
curved models f irst  increased  in  the axial directLon and then  decreased, 
indicating a reacceleration of the flow. By comparison, the   s ta t ic   p res -  
sure   cont inual ly   increased  in   the  s t ra ight   Ufuser .  The s t a t i c  pressure 
also varied around the  diffuser  periphery  for  the curved diffusers,  
whereas it appeared t o  be uniform for   the  s t ra ight   dif fusers .  

Improvement of Exit  Total-Pressure  Profiles 

Several  internal-flow  devices  for  inqrwement of the exit t o t a l -  
pressure  prof i les  were investigated. M o d e l  3-5, which had exhibited 
an undue  amount of separation, waa selected  for  these t e s t s .  The 
control  devices  investigated are presented i n  figure 7 and  included f u l l  
and half screens of 0.5-inch mesh and  0.051-inch diameter located at 
model s t a t ion  9 .O, which w a s  approximately 2 1  inches  forward of the e x i t  

total-pressure  rake. Also investigated were l/€I-inch-diameter rods 
inserted through the lower half of the  diffuser.  The area blockage of 
the  three devices w a s  approximately 21, 11, and 8 percent,  respectively. 

2 
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With the measured subsonic-diffuser  losses of figure 10 accounted for, 
t h e  average Mach rimer of the  flow  approaching  the  flow  devices for 
c r i t i ca l   i n l e t   ope ra t ion  w a s  cmputed.to  be approxQuately 0.38. 

The i n l e t  pressure-recovery and mass-flow characterist ics  with each 
flow  device are presented  in figure 14. Insertion of the flow devices 
i n t o  t h e  diffusers had l i t t l e  e f fec t  an.Fnlet supercr i t ical  mass flow 
but  decreasedboth critical and  peak pressure  recovery. Changes i n  
pressure-recavery performance are  most easi ly  observed i n  f igure 15, 
where peak and cr i t ica l   to ta l -pressure   receer ies   wi th   the  flow devices 
are summarized and compared wi th   theor ig ina l   in le t   wi th  no internal-  
flow  device. The largest  loss of pressure  recovery was incurred when 
the fu l l  screen was used. These lomes  were"6ubstantially  reduced when 
the  screen w&s used  only in   t he  lower half of the diffuser. The m i n i m  
loss of pressure  recovery  occwred when the r-ods were inserted i n  the 
lower diffuser  half. As indicated i n  f igure 15, sma l l  pressure-recovery 
improvements were noted in the intermediate,aqle-of-attack range. 

The  total-pressure loss acros8  the  screens,  expressed as a f ract ion 
of the   loca l  aynamic pressure, i s  presented i n  figure 16. Also presented 
for coqar i son  are the  pressure-lass data.&r&&rence 4, which were ob- . 
tained  with uniform flow  approaching full screens;  . the  data  selected  for 
comparison correspond t o  full screens having the area blockages  considered 
herein.  Since  the  pressure  losses.. m r k d  . a t h . a n g l e  of .attack and the min- 
im  loss was larger  than might be  predicted from reference 4, it is i n d i -  
cated  that (1) the  losses  across  the  screen8 (or other  flow-straightening 
devices) are probably a function of the  veloclty profile approaching the 
screens, and (2)  pressure-lass-data  obtained with uniform flaw can not  be 
used to   p red ic t   the  lasses when the  flow 1s'not.uniform. 

.. .. 
" .- 

" 

I 

The resul t ing  total-pressure  praf i lea  at the   ex i t  of the  diffuser 
are presented in   f i gu res  1 7  and 18 f cr .angles of a t tack of z e r o  and 6" 
and are compared with the original   prof i les .  Each flow-control  device 
eliminated the separation Over the upper hslf- of we .affuser ex i t  and 
reduced the  spread between high  and.low  pressures. The variat ion of 
t o t a l   p re s su re   a t .  the exit. s ta t ion   for  z e r o  angle o f a t t a c k  was approxi- 
mately k8, +_5, and -f15 percent of the weighted  average total   pressure 
for the fXLl-screen;-half-screen, and  rod  devices,  respectively. These 
values compare with.-= t o  18-percen-ari&$m f o r  the original pressure 
distribution: A t  an angle of a t tack of 6O further decreses   in   p ressure  
spread were obtained.-except with the half-screen device, which yielded 
a spread of -4 t o  9 .percent.. . Therefore,  the  full-screen .method gener- I 
ally offered  better exit .profiles than did  either  the  half-screen  or " 

rod method, especially at angles of attack  other  than Zero; however, it 
was also noted  that the largest  Lass of totql   pressure w a s  incurred 
with  the fu lLscreen .  The re la t ive  merits of these three mthoda  for 
internal   control  of exit . total-pressure  prof i les   in  an actual ins ta l la t ion  * .  
would depend upon the  allowable  total-presswe  recovery and also upon 
the limits of total-pressure .variation..acro~s..the..compre6e.or face of the .. .. ~ 

turbo jet engine. 

. " I. - i .  

. .  . - 
. . " 
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I n l e t  Tests at Zero Flight Speed 
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Take-off conditions at zero  f l ight  speed were evaluated by induction 
of d i e n t  air through  the inlets with  tunnel  exhauster equipment. The 
resulting  pressure-recovery and mass-flaw data are presented in f i g u e  
19. Mass flow  through  the inlets i s  referenced t o   t h e   t h e o r e t i c a l  
choking mass flow  determined  from  the m i n i m   t h r o a t  area and the anibient 
total   pressure.  Also presented  for comparison is  the  theoretical   per- 
formance of an open-nose sharp-lip inlet (ref. 5). The performance 
of all i n l e t s  w a s  reasonably  close to   the   theore t ica l   va lues  (which 
included  an assuined subsonic-diffuser loss of 5 percent of the inlet 
dynamic pressure),  although  the  pressure  recovery was generally lower 
thsn’themetical .  Each inlet attained  within 0.03 of the  theoret ical  
mass-flow ra t io .  

A preliminary  investigation w a s  conducted at Mach nuiber 1.9 t o  
study  the  internal performance of several wing-root inlets using two- 
dimensional  external-compression surfaces. Parameters  studied  included 
inlet shape, sweep of the  campression-surface  leading edge, and 
compression-surface  location. The i n l e t s  w e r e  tested d t h  re la t ive ly  
short  curved  subsonic diffusers, simulating the  ducting  requirements of 
proposed f igh ter  aircraft, and  with  stratght diffusers of lower dfffusion 
rate. The r e su l t s  of this   invest igat ion may be summarlzed 8s follows: 

1. The vwia t ion  of inlet total-pressure  recovery  and mass flow 
with angle of attack  followed  the  trends  predicted by theory,  although 
the  pressure  recovery  for  each i n l e t  type was  lower than  the  theoret i -  
cal   values.  The diffusion  losses w e r e  essent ia l ly  Fndependent of 
inlet shape  and sweep of the  compression-surface  leading edge. Some- 
what larger   losses  were incurred when the cprqpression surface was 
located  centrally  comparedwith  the upper leadingedge  loc&tion  for  a 
triangular-shaped  inlet. 

2. Inlets  with  curved  subsonic  diffusers  suffered  considerably 
larger diffusion losses  than w e r e  incurredwith  s t ra ight  diffusers. 

3. Vaziations in  total-pressure  recovery  across  the diffuEier e x i t  
were as large as +28 percent of the weighted  average  pressure for the  
curved-diffuser models  compared with 19 percent  for  the  straight-diffuser 
models. Separation st the  exit  frequently  occurred.  Several  internal- 
flow-control  devicee were ins ta l led  i n  a typical  inlet;   these  devices 
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eliminated  the  separated  regions and reduced the variat ion of pressure 
recovery  across  the  diffuser  exit.  However, improvement i n   e x i t  pro- 
f i l e  w a s  accompanied by a loss in  mer-all   total-pressure  recovery.  
These losses  could  not be predicted frm data which had been obtained 
with  uniform  flow  approaching the flow-control  devices. 

Lewis  Flight  Propulsion  Laboratory 
National Advisory Committee f o r  Aeronautics * 

Cleveland, Ohio, September 24, 1954 s 
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!rABIE I. - MODEL CHARACTERISTICS 

Inlet 
angle of shape 

SWeP 

wedge, 
deg 

0 

0 

b40 -0 

lmpresslon- 

deg t n e  location 
angle, diffuser  surface Wedge a Subsonic- 

I I 

Center 10 Straight  

Straight 

Curved 
upper 12 

Straight 

Curved 
Upper 6.0 

%amred i n  stream  direction in plane n a r m a l  t o  wedge leading edge. 
'In plan view, 40.0'; with  respect t o  air flow, 38.8'. 

3446 . 

Projected 
frontal area 
a t  zero  angle 
of attack, 
sq in. 

Throat 
area, 
sq in. 

6.68 I 5.19 
' I  I 

6.68 I 5-19 
6.95 I 5.19 

6.51 I 5.19 
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I 
View of lower side of model 

(b) Model 1-C. 

Figure 2. - Contimed. Photographs of wing-root i n l e t  models. 
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View of lower side of model 

(a) Model 3-5. 

Figure 2. - Continued. Photographs of wing-root inlet  modela. 
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View of loner side of model 

( e )  Model 3-C. 

Figure 2. - Continued. Photographs of wing-root wet mdels. N cn 

. .. . 



I 
c-34565 

View of lower side of model 

(f) Model 4-6. 

Figure 2. - Continued. Photogtaphs of wiug-root inlet models. 
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View o f  lomr aide of model 

( 9 )  Mode1 4-C. 

Figure 2.  - Continued. Phokographs of wing-root M e t  models. 
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Front view of curved-diffuser  models 

( W S  rotatea 90' Clo~lr~ise) 

(h) Model 54. (i) Model 1-C. ( 3 )  Model 4-C. 

Figure 2. - Concluded. Photographs o f  dug-mot  inlet models. 
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Vert ica l -sect ion  center- l inq  s tat ion,  2 , i n .  
J I I I 1 
O 

I 

1 2 3 4 5 
Model etation, x, in. 

(a) M o d e l  1-C . 

Figure 4.  - Internal  sea vaxiations of curved-diffuser models. 
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% 
d 
P (a) Full  screen; 0.50-inch mesh, 

0.051-inch-diameter  wire. 

(b) Screen  in  lower  diffuser half; 0.50-inch  mesh, 
0.051-inch-diameter w i r e .  

(b) Screen  in  lower  diffuser half; 0.50-inch  mesh, 
0.051-inch-diameter w i r e .  

(c) Rods  in  lower diffuser half; 
0.125-inch-diameter r o d s .  

Figure 7. - Systems for control of total-pressure  distribution  at  diffuser exit. 
Model 3-s. 
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(b) Model 14. (Arrows an abscissa  indicate  theoretical  critical 
mass-flar ratios.) 

Figure 8 .  - Continued. Snlet performnce at angle of attack. - 
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Angle of a t tack ,  
deg 

- c  

V -3 
0 0 
0 3 
0 6 
A 9 

. -- Unstable  inlet . 

(c) Model 2-S.  (Arrows on abscissa i nd ica t e  theoretic8l 
cr i t ical  mass-flow  ratios .) 

Figure 8. - Continued. Inlet performance at an@e of attack. 
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(f) Model 4-5. (Arraus on abschssa i n d i c a t e   r a t i o  of p r o j e c t e d   i n l e t  area 
a t  angle  of a t t a c k   t o  area a t  zero angle of a t tack . )  

* 
Figure 8. - Continued. I n l e t  performance at angle of a t t a c k .  
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(b) Model 3-3. (c) Model 3-C. 

Figure 9. - Effect of Bide plates on Inlet total-paensure rccovcry. 

(d)  Model 4 4 .  
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-- - Theoretical shock 

m 

-P a 
r-l s! 
H .72- 

.68 . 1 

.64- 
-8 -4 0 4 a 1 

Angle of at tack,  deg 

(d) Model 2 4 .  

Figure 10. - Concluded. Comparison 3f pressure-recovery 
performance. .. 
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77 

Angle or attack,  6O; inlet total- 
pressure rebovory, 0 . ~ 5 ~  inlet -80- 
flow ratio, 0.W. 

Model 1-s. 

.64 

Zero anplr of a C M k 1  i n l e t  total-prassura 
reaovary, O.??; l n l e t  raaa-rlw ratio. 0.90. 

(b) 

1.26 

Model 1-c. 

. -  

7.m angle or a t t a a h  inlet total-pressure 
recovrrj, 0 .81 ;   in l e t  mass-ncu ra t io ,  0.97. 

( c )  Model 24, 

Figure 11. - Total-pressure contours a t  exit-rake station. 
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3446 
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BtatIO- ta total-  

70 

, r , .  
-. 

8C 
zero angle or attack; lnlmt totel- 
prseeure reoovm,  0.80;  lnlwt remu- 
flo* rat io ,  0.84 

(4) Hodel 3 4 .  

.7 

Anngle of attack, 6'1 i n l a t  total-  
prsssure recopcry, 0.841 in le t  msn- 
r m  Fatlo, 0.88. 

Angle or &mot,  go1 i n l e t  total- 
prenoure rsoovsrj, 0.84; inlet m u -  
flow rat io ,  0.98. 
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Static-   to   total-  

Zero angle of attaok; inlet total-pressure 
reeovcrg,.0.75; i n l e t  mass-flow ratio,  0.84. Angle of attack, 6'; inlet  total-  

pressure recovery, 0.89; lnlet  mass- 
flow ratio,  0 .94.  

Z.ro angle of attack; inlet total-pressure 
raoovery, 0.751 inlet rmm-flow ratio,  0.90. 

Angle of attack, 6O; inlet  total-  
presrure recovery, 0.61; Inlet mass- 
flow ratio,  0.95. 
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static- t o  
r a t i o  

I n l e t  without st& plate;  zero  angle 02 attack; inlet 
mass-flow ra t io ,  0.92; theoret ical  shock pressure 
recovery, 0.09. 

.52 

Inlet with side plate;  zero angle of a t tack;   inlet  mass- 
flow rat io ,  0.91; theoret ical  shock pressure recovery, 
0.09-  

I( / - 
In l e t  without side plate;  angle of attack, 6O; In l e t  trass- 
flow r a t io ,  1-00; theoretical. shock pressure  recovery, 0.92. 

(a) I n l e t  1. 

Figure 12. - Total-pressure  distributions  at   inlet  throat. 
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Stetic- t o  total-pressure 
rsti-o, pz/p0 

In l e t   d thou t  B i d e  plate3 eero rmgle of attack; 
met maas-flm ratio, C) .92; theoretical shock 
pressure recovery, 0.92. 

P P O  
0.65 .66 

M e t  wFthout side plate; angle of attack, 6'; 
inlet maS6-f3O~ ratio,  0.99; theoretical shock 
pressure recovery, 0.92. 

=et without EL& plate; angle of attack, go; 
iliLekmx3e-flow ratio, 0.99; theoretical shock 
pressure recovery, 0.86. 

(a) Inlet  3. 

Figure 3-2. - Continued. Total-pressure dietributions at inlet throat. . 
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Inlet wtthout side plate; zero angle of attack; inlet 
maas-flow ratio, 0.92; theoretical ahock pressure 
recovery, 0.86. 

Inlet  xith  slde  glate; zero angle of attack; lnlet 
mass-flow r a t l o ,  0.92; theoretical shock pressure 
recovery, 0.86. 
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-, Trace of constant static-pressure 
surface w upper half  of diffuser 

Static- t o  total- "-Trace of constant static-pressure 
pressure ratio, surface on lower half of difPuser Total- 

PIPo preesure 

(a) Mdel 1-5, vlthwt side plate; angle of attack, 3'; inlet mass-flw ratio, 1.01; inlet total-pressure 0.  recovery, 0.82. 
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(b) Critiaal prenuurc raow.rJ. 

on praesure recovery of model 3-9. No side plate.  
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0 4 

0 Full screen 
0 Half screen -- Data of ref.  4 for full 

screens of indicated 
area blockage 

Area blockage, 

8 12 
Angle of attack, deg 

Figure 16. - Total-pressure loss  across  screens  for internal 
flaw control. 
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Ststlc- to tutal- 
measure ratio. 

I n l e t  total-pressure  recwJery, 0 . 7 3  
inlet masa-flow ratio, 0.90. "J . .  . 

4 . .I 
Inlet  total-preeaure recovery, 0.78; 
lnlet mass-flou ratlp, 0.94. 

(a) FUU screm. (b) Half ecreen. 

- 
" f " 

Inlet total-pressure  recovery, 0.78; 
inlet mass-flow ratio, 0.96. 

Inlet  total-pressurd rec.overy, 0.73; 
inlet mass-flcw ratio, 0.95. 

(c) H o d s  in lower hal f .  (a) No i n t e r n a l - f l o w m t r o l  devlcea. 

Figure 17. - Effect of internal-flow control devlcea onae*l€ to€al:presBuP+ contours. ' Model 
3-S; zero  angle of attack. 
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I 

Static- to total- 
pressure ratio, 

. .  . 

p d p o  

75  

Inlet total-pressure recovery, 0.02; 
Inlet maas-flow r a t i o ,  0.97. 

(a) pull screen. 

Inlet total-pressure recovery, 0.04; 
in le t  !nass-tlow ratio, 1 . 0 1 .  

I n l e t  total-pressure recovery, 0.84; 
i n l e t  mass-rlou ratio, 0.99. 

(b) Balf acreen. 

Inlet total-pressure  recovery. 0 .78;  
i n l e t  masa-flc;r ratio, 1.02. 

( c )  mda in  lower half. (dl No internal-flow contro l  devices. 

Figure 18. - Effect of internal-f low control devices  on e x i t  total-pressure contours. Hcdel 
3-3; angle of attack, 6O. 
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Figure 19. - Performance of wing-root inlets a t  zero f l l gh t  speed. 
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