
INVESTIGATION OF SIDE lXLETS AT SUEEBONIC SPEEDS 

By Wallece 'E, Davio - 

Fsres Aeronautical Laboratorg 

Although a very high diff'usion effic2ency can be at ta ined a t  
supersonic speeds by nose i n l e t s  snch as those discvssed 3n reference 1, 
prac t ica l  design considerations oft,en malce 3ide i n l e t s  more Cesirable. 
For t h i s  reason, t e ~ t s  arc bein3 perfolmed a t  supersonic speeds upon 
i n l e t s  tha t  a re  ~ i t u a t e d  i n  a region of appreciable boundary layer. 
PreUmlnary t e s t s  have shown t h a t  the precence of the bovndary l w e r  
can oatme a relat ively goor reoovery of t o t a l  pi-ssure because the 
severe adverae preSSUre gradient produced by a rapid deceleration of 

. the flow at high speeds oauses the bamdzry l q e r  t o  thicken and 
separate. The resu l t s  of the separation *are a f luctuat ing flow 
through the intake and a xnaximm total-pressme r a t i o  a f t e r  diff'usion 
t h a t  is  limited t o  about two-thirda of tha t  occuzdrg across a normal 
shook wave a t  the sama Mach number, (See refereme 2, ) 

To improve the pressure recovery at ta inable  through a side in l e t ,  
the severity of the compression i m i d e  the duc: must be reduced., the 
amount of low-energp a i r  of the boundaiy l a - ~ e r  tha t  enters the i n l e t  
must be diminished, o r  both factora must be reduced simultar.eous~. 
These considerations have been used i n  the d e s i w  of s ide i n l e t s  f o r  
tests i n  the Ames & by %inch superso;nia Wrmol. Both annular 
and twi~+ecoop i n l e t s  are being investigated because applications 
f o r  the.  two types may be found i n  the design of h9@-speed a i r c ra f t .  

The t e s t s  a re  belng pe%f'ormed a t  Mach numbers beC~een 1.36 and 2.01 
and at  Reynolds numbers, based upon t h e  len&n of the body ahead of 
the intake, of between 2.23 and 3.09 million. Only measurements of 
the pressure recovery at ta inable  a f t e r  diff'usion with the variouo 
i n l e t  desigm at an angle of attack of o0 have been made a t  the present 
time. ~n@e'-of-attack and camprative-drag studies together with t e s t s  
a t  subsonic speeds a re  t o  be performed i n  tho future. 
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Three methods f o r  improving the total-ip~essure recove'ry s t ta inable  

a f t e r  diffusion through an annular i n l e t  are  beinc investigated. The 
f i r s t  method is t o  reduce the i n l e t  Mach number and thus the adverse 
pressure gradient tha t  is  imposed upon the b ~ ~ u ~ d a q y  layer  jneide the 
cfuct by d e f l e c t i n ~  the stream ahead of the inlet t o  create an oblique 
shock wave, A photograph of a model is  shown i n  E i ~ u r e  A, The 
outside diarueter of the i n l e t  ts about one inch, and the i n l e t  area 



+-. 

is  about one-third of the f ronta l  area a t  the s t a t ion  of the duct 
entrance. The length of the forebody 13 f ive times the diameter of 
the cylindirlcal aec tion ahead of tho ramp. The ramp angle tha t  
def lects  the flow i s  increased t o  increase the intensi ty  of the 
oblique shock wave by reducing tlie length of the raq while the height 

\ 
remaims the same. 

Tho a e c ~ n d  and th i rd  methods :or Improving the recoveq both 

. reduce the amount of low-enera a i r  t ha t  florrs throual the in l e t .  
Drawin~s 01' the models tha t  have been tes ted  are shown i n  figure 2; 
these models a re  of the same geneml s i ze  and sllape as  the ramp 
model, With the model of fi@m 2(a), tho  bsWldprg layer  is  drawn 
Prom the surfece of the forebody tlwough an auxiliary sdoop a t  the 
s t a t ion  of the duct entrauloe by vacuum pmps located outside the %.rind 
tunnel. With the model of fif3ure 2{b), energy ia added to ampensate 
f o r  the e n e r a  decrement i n  the boundary layer  by e j e c t i ~ q  high- 
velocity a i r  along tho surface of the forebody upstream of the duct 
entrance, This j e t  is supplied by an a i r  bo t t l e  rrcm outside the 
wind tunnel, and tho a i r  is expel led, throu@~ an annufar nozzle tha t  
i s  d e s i ~ e d  t o  e j ec t  the a i r  at  a Mach number of 2.2. The width of 
the nozzle throat  is 0,0045 inch and t ha t  of the cr~~tlet i s  - 

0.009 inch* 

The resu l t s  of tes t8  upon these three models are shown i n  figure 3, 
i n  which the maximum total--pressure recoveiy a f t e r  diff'union through 
the annular in le to  is  plotted against the Mach numbex- of the f ree  
stream, The resu l t s  are  cmpaied with the total--pressure r a t i o  of a 
normal shcck wa-re, with tha t  of a model having no ramp or  boundary- 
layer  con%rol, and a lso  with tha t  a t ta inable  with the nose inleto 
described i n  r e feznce  I. 

The model tha t  u t i l i z e s  an oblique shock wave t o  reduce the 
. i n l e t  Mach nmber was tented with ramp angles of 5') lo0, 15O, 
and 17.5O. Throughout the Mach number r&n6e of the tes t s ,  the 
recovely of t o t a l  pressure increases with ramp ancle up t o  an angle 
of 1 5 O ,  a t  whicb value the maximwn total-pressure r a t i o  is s t i l l  
re la t ive ly  low, about three-quartero of the recovery through a normal 
shock wave. 

With a suction s l o t  thi-OII@ vhioh 12 percent of the m,ss of a i r  
flowiw through the i n l e t  is  drawn, the maximum total-presouro r a t i o  
at ta ined a t  a Mach number of 1.36 i s  81 percent and a t  a Mach number 
of' 2.01, the recovelcy i s  44 percent. Calculations Saaed upon the 
available theory indicate t h a t  tho amount of air  i n  the boundary 
layer  should be no molle than 4 percent of tha t  flowlng through th; 
i n l e t ,  The reason tha t  tho preeeure recovery i s  not @eater i f  more 
than t h i s . q s s  of a i r  is removed is not understood and is.being 
inveetigated at the present tlme. 



. . . ' When h ighp~esoure  a i r  i s  eJeoted a t  a Mach number of 2.2 t o  
compensate foi* the ene1-m decrement i n  the 'doun(tai7 loyer, the 
apparent recovery i s  re lat ively high a t  the !.ow su7e~sonlc Nacb 
numbers; but, as the lhch nm3er of the  f ree s t y e m  approaches tha t  
of the ejected a l r ,  the improvement i n  the total-~i-esuum r a t i o  
decreases. The "apparent" recoveq indicate8 the t o t a l  pressure 
that would e x i s t  a t  the face of the conpressor of a turbo-jet engine. 
However, since the engine would have t o  supply the hi&-prezsure a i r  
t o  the nozzle, the effective recoveiy, as faz as the overal l  pr+ 
pulsive sj.stem is  concerned, 5s considerably less .  I2 the total-  
presstu*e and mass-21.0~ rat ioa at ta ined d ~ ~ r i n ; :  the t e s t s  are  assumed t o  
occur i n  a hypothetioal  engine opemting i n  the isothermal atmosphere, 
tlie greatest  effective pressure' recovely occura when 14 percent of the  
a i r  flowing through the i n l o t  is  r e c i x u l ~ , t e d ,  The' effect ive racoverg 
would then be 74 percont at a.Mach number of 1.36 a.nd 44 percent at  
2.01; i n  other words, it Ss about 15 percent l e s s  than the apparent 
recovery. It i e  t o  be expected tha t  scale has an appreciable e f fec t  
upon theoe resu l t s  because the process i s  l a r ~ e l y  dependent upon 
viscous forces. Tests at  a larger  scale w i l l  pro'oably s h ~ w  greater  
effective total--pressmia rat ios .  

An entry, such as a twin-scoop' i n l e t ,  that does not completely 
encircle the f 'u~elage does not recieve a l l  of the bomdaiy layer 
~ ' e s u l t i x  f rom the flow ovey the forebow and, therefore, has an 
i n i t i a l  advantaritage over an annular entrance, Ii; 13 t o  be expected 
tha t  greater effect ive total-pressure r a t io s  can be a t ta ined  than 
w i t h  an annul-ar i n l e t  and that, for the erne errtrance area, the 
greatest  pressure recovery will be attained by the i n l e t  t f ~ t  encloses 
the smallest portion of the ~ i~curnference  of the f o r e t o e .  

Photographs of the two WIE-scoop models tha t  have been tested 
are  shown i n  figure 4. The shape of the f o i ~ b o Q ,  the entrance area, 
and the expansion r a t i o  of the subsonic diPi"usor a re  the same a6 those 
of the models having ann~~lar entrances, The scoop8 of the model 

i . . .  , ,, . e h o ~  if! figure 4(a) e y l ~ a o  37.2 pement af the y imum cii-oumforence 
of tlie fordbody,'.and the heist df one~scoop i s  75 percent of the 
width. The i n l e t  of figure k(b)  encloses 61.3 percent of the c i r c m  
feliential  length, and the height i s  26 percent of the width. I n  
order t o  redvce the i n l e t  Mach number, ramps were t es ted  as with the 
models having annular entrances. A ramp may have an additional 
advantageous ef fec t  with a twln-ecoop model because of the three- 
dinensioxml nature of the flow about the scoops. A cmpreosion over 
the surface of the munp  ma^ cause a C ~ ~ B B - ~ ~ O W  that w i l l  tend t o  make 
the boundary layer flow mound the i n l e t ,  



The only method f o r  controll ing the bolu~dary layer  flowing in to  
the  scoop^ that has a9 yet  been tested is  t o  pa= the boundary layer  
out of the subsonic diff'usor through s l o t s  out along the sides of the 
duct next t o  the cent ra l  body. A p h o t g ~ a p h  02 the arrangement is 
shown i n  figure 5, Slot3 of various widths and lecgths have been 

. t es ted  with the models having the Wo different  S C O O ~ )  shapes. 

The resu l t s  of t3e t e s t s  upon these twikacoop models a re  
summarized i n  figure 6 i n  which the maximum total-pressure r a t i o  
at ta ined a f t e r  diffusion is  plot ted against the free-stream Mach 
number. The reduction i n  the amount of bcundary-lcyer a i r  flowing 
through the i n l e t  t ha t  resu l t s  frm the llse of twi~-scoops causes an 
imp~vvement i n  the total-pressure r a t i o  tha t  is about the same as  the 
improvement produced by the addition of a 5' ramp t o  the annular 
intake, The difference i n  the recovery at ta ined By the i n l e t  t ha t  
encloses 61.5 percent of the circumferential lengbh of the forebody and 
tha t  a t ta ined b:. the model enclosing 37.2 percent of the circumference 
is  l e s s  than 3 percent, The addition of a ram? improves tho pl*essure 
recovely of both in l e t s .  The maxixum recovery with the 61. >percent 
entry occurs with a ramp angle of about 5 O ;  with the 3'1.2-percent 
entry the optirnulil rolnp angle is about loC. If s l o t s  are  cut along 
the s ides  of the duct, the 9ptimwr ramp =gle increases. The effective- 
ness of the s l o t  increases w i t h  ramp angle; at angles l e s s  than 5' 
the s l o t s  cause no improvement. With the 61.3 percent entry having a 
s l o t  whose depth is 50 peroent of the height of a scoop and whose 
l e w h  is 6 percent of the length of the subsonic di;fueor, the optimum 
ramp angle is  12' and the total-pressure r a t i o  is  about 88 percent of 
t ha t  occurring across a normal shock wave, The 3'1.2-percent entry 
having the same ramp md s l o t s  op%he same dimensions produoes a total-  
pressure r a t i o  tha t  is a b u t  &percent greater a t  a Mach number of 
1.36 and the same a t  a Mach number of 2.01. I F  the l e n e h  of tho 
s l o t s  of t h l s  model is increased t o  g percent of the lerqth of the 
subsonic diffusor, the total-preseure r a t i o  at ta ined i s  pract ical ly  
equal. t o  tha t  of a noma1 shock wave a t  Mach numbers between 1.36 
and 1.70. The 'ecovery a f t e r  diffusion is 96 percent at  a Mach 
number of 1.36, o r  it i s  equal t o  tha t  of the Ferri-type nose i n l e t .  
Although t h l s  high recovery i s  obtained a t  the expense of external 
drag, the increase i n  the drag force may be small i n  comparison t o  
the irnpropenent i n  $he total-pressure recovery. If  so, the i n l e t  
'xih be satigfactory f o r  a i r c r a f t  f ly ing  at low supersodc Mach 
numbers, The pressure recovdry - decreases - --- a s i ~ l l  agount &n re la t ion  
t o  tha t  through a normal shock wave f o r  Mach numbers above 1.70. A t  
a Mach number of 2.01the recovery attained by t h i s  model i s  94 percent 
of nolmal-shock recovery . 
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Figure 1. - Annlar-entrance model with 5' ramp, 

(a) Model with boundary-layer suction slot. 
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(b) Model with nozzle to accelerate the boundary layer. 

F'igure 2. - Annular-entrance models with boundary-layer control. I r r  



"3 - 
Ho 

MAX. 

NORMAL SHOCK WAVE7 r FERRI NOSE INLETS 

( B.L. COMPENSATION 

I I 

Figure 3.- Variation of maximum total-pressure ratio with Mach 
number for annular-entrance models. 

(a) Inlet enclosing 37.2 percent (b) m e t  enclosing 61*5 percent 
of the circumference of the of the circumference of the 
forebody. forebody. 

Figure 4. - Twin-s 



Figure 5. - Twin-scoop model with slots. 
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Figure 6.- Variation of maximum total-pressure ratio with Mach 
number for the twin-scoop models. 
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