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By Noel K. D e l a ~ ~  

Wind-tunnel tests mre made of su3merged air inlets on the 
fuselage of a & / k c a l e  m o d e l  of a typical fighter-typ airplane. 
The resul ts  are presehted f o r  ramp p h n  f o m s  w i t h  parallel and 
with  diverging walls and show the effect of the duct-entrance 
locaticm (f o m d  of the wlng and. over the w i n g ) ,  internal ducting 
efficiency, and deflectors. 

The air in le t s  having the ramps wlth diverging walls w8re atis- 
factory in both  locations tested on the fuselage,  providing  hi& ram 
pressure  recoveries at the simulated entrance t o  the compressor, hi& 
predic ted   c r i t i ca l  Mach numbers, and l o w  external drags. The submerged 

f o r  the nomnal operating range. The r a m  pressure  recovery ratios 
measured at the in le t s  mre higher f o r  the forward location of' the 
inlets than f o r  the aft location. For an asswned engine position, 
however, the aft location of the inlets with the ehorter, more 
e f f ic ien t  internal ducts &ave the hfgher ram recoveries a t  the 
simulated compressor f o r  the test conditions. 

. air in le t s  w i t h  parallel ramp w a l l s  had lower ram pressure  recoveries 

The e a r l y  developmnt of NllCA submerged air inlets was cmducted 
with the submerged inlets  installed  in  the f lat  wall of a wind 
tunnel  (references 1 and 2) The results of t h e m  t e s t s  Indicated 
tha t  it should be feaeible t o  desfgn an efficient  air-induction 
system with kin submerged inlets installed on the sides of the 
fuselage.  Placing the submerged inlets on the side6 of the fuselage 
ahead of the j e t  engine resul ts  h a ahort, straight internal 
ducting system (references 3 and 4). As tke submer&d in le t s  will 
n o t  protrude outside of the basic  fuselage  contour they should  tend 
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t o  e l b i n a t e ,  by inertia  separation,  foreign material (shell casee, 
rocks, hai l ,  etc.) from the air inducted  into the motor. 

The results of reference 3 Indicate that the relative  location 
of the wing and the submerged inlet8 m i & t  be critical f o r  inlet  
performance. The purpose of the t e s t s  presented in this report wa8 
to  investigate the  effect of the location of the duct inlets on 
the i r  characteristics. Two locations w8re tested, one forward of 
the wing where the  fuselage boundary layer waa thin, and the o the r  
farther aft on the fuselage and aver the point of maximum thickneaa 
of the wing. The model m a  conetructed s o  that, In later teets,  
the e f fec t  of a t ractor  propeller on the ram recovery  could be 
de temnined . 

%e test results presented i n  this report were obtained in the 
Amea 7- by l M o o t  wind tunnel No. 2 at the requeat of the Bureau 
of Aeronautics, Navy Department. 

. .  . .. 

SYMBOIS 

A 

B 

D 

H 

M 

P 

9 

R 

r 

S 

v 
V 

The symbols used throughout thiis report are a8 fo l lows:  

area, square feet  

depth of the  ramp a t  the l ip ,  inches 
. .  

&a@;, P-dfj 

t o t a l  pressme, pounds per equare foot 

Mach number 

s t a t i c  pressure, pounds ger square  foot  

dynamic preaswe, pounde per aquare foot 

radiuk of duct, feet 

radius to a point, feet 

wing axea, aquare feet  

stream velocity, feet  per second 

l o c a l  velocity, feet per second 

. .  - 



Wind-tunnel tests were made of submerged air in l e t s  on the 
fuselage of a l / k c d e  m o d e l  of a t g p i c d  fighter-typ airplane. 
Ihe resul ts  are presented f o r  ramp plan forms with parallel and 
w i t h  diverging walls and show the effect  of the duct-entrance 
location .(forward of the wing and over the wing), internal dnctfng 
efficiency, and deflectors. 

The air inlets having the ramps Mth diverging w a l l s  were satis- 
factory In both locations  tested on the fuselage,  providing hi@ ram 
pressure recoveries at the simulated entrance to the compressor, hi& 
predicted  cr i t ical  Mach numbera, and l o w  external drags. The submerged 

for the normal operating range. m e  ram pressure recovery ratios 
measured at the inlets were higher for the f o m d  location of the 
inlets than f o r  the aft location. For an asaumed engine position, 
however, the aft location of the inlets wfth the shorter, more 
ef f ic ien t  internal ducts gave the higher ram recoveries a t  the 
simulated cmpressor for the test conditions. 

- air inlets with paral le l  ramp mlls had lower ram pressure  recoveries 

The early development of EACA submerged air inlets was conducted 
with the submerged inlets   instal led in the flat  wall of a wind 
tunnel (references I and 2).  m e  results of these tests indicated 
that it should be feasible t o  design an efficient  aiz-hduction 
system w i t h  twin eubmerged inleta  installed on the sides of the 
fuselage. Placing t h e  submerged 5nlet.s on t h e  &.des of the fuselage 
ahead of the Jet engine results In a ahort , ' s t ra i&t  internal 
ducting system (references 3 and 4) . As the submerged inlets  w i l l  
n o t  protrude  outside of the basic fuselage contour they should tend 
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to   e l fminab,  by inertia  separation, f o r e l g n  mabrial ( she l l  case8, 
rocks, hail, etc.)  from the air inducted  into the motor.  

The results of reference 3 .indicata that the relat ive location 
of the w i n g  and the submerged i n l e t s  might be c r i t i c a l  for inlet 
perf'orme;nce. The purpose of the tests presented  in  this  report  was 
to  investigate the ef fec t  of t h e  location of the duct M e t e  on 
their   character ie t icss  Two locations were tested, one forward of 
the wing wh~re the fuselage boundary Layer was thin, and t he  o the r  
f a r t h e r  aft on t he  fuselage and over the point of maxFrmrm thickness 
of the w i n g .  The model .was cmstructed ao tihat, in later tes ta ,  
the ef fec t  of a tractor  propeller on the ram recovery could-be 
determined. 

The test  reeulta  presented in this report  were obtained in the 
Ames 7- by I s f o o t  wind tunnel No. 2 at  the request of the Bureau 
of Aeronautice, Navy Department. 

n 

T'be symbols used  throughout this report are ae follows: 

A 

B 

area, s q w e  f e e t  

depth of the ramp a t  the l i p ,  inches 

D 

total pressure, p m d s  per square f a o t  E 

M Mach number .. 
." 

s t a t i c  pressure, pounds per s q w e  foot P 

9 

R radius of duct, f ee t  

radius  to a point,   feet  r 

S wing m a ,  square feet 

stream velocity, f e e t  per second v 
V local  velocity, feet per second 

. .  
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h t he  height of =.area of unit width in which the 
complete loss of f ree;etream ram pressure is 
equivalent  to the integrated loss of the t o t a l  
pressure in uni t  width of the boundary La.yer 

P 

TD 

pressure  c oef f i c  ient e )  
interaal  ducting eff iciency [ l-cz) 1 

This investigation of .t;win NACA submerged air  in l e t s  was 
conducted with a l / k c a l e  model of a tygical high-speed, turbo-  
propeller driven, fi&ter-type  airplane. In this ser ies  of tests 
the propeller w&8 not used. The pertinent model dimeneions and a 
three-view d r a w i n g  of the airplane are  preeented in Appendix A and 
figure 1, respectively. A photogra2h of the model mounted in the 
wind tunnel is shown in figure 2. 

The 8UbWrged air inlets  inveetf@ted were desi-ed frm the 
resu l t s  of reference 2 which indicated that an entrance  aspect 
r a t i o  of 4 and a ramp having an angle of 7O w i t h  respect t o  the 
fuselage s~mface and curved diverging w a l l s  should produce optimum 
characterist ics.  B e  rasllps were submerged in the fuselage so that 
the ordinates of the  ramp below t he  basic fuelage contour ( f ig .  3)  
were equal t o  those f o r  a 7’ ramp below a plane Burface . The ramp 
plan forms tes ted are given in figure 3 and correspond t o  thoee of 
reference 2, The l ips  of the duct inlets tested ( f ig .  4) were the 
same as the unti l ted l i p  of reference 2 but with the meen camber 
line t i l t e d  in 3’. Flush &atic*resErure or i f ices  were  instal led 
on the center   l ine of the ramps and l i p s  of the air intakes. 

L 

Two inlet positions, on the sfdes of the fuselage, mre tested. 
For both posit ians the horizontal ,center plane of the inlets was 
in the  horizontal fuselage reference plane (figs. 1 asd 3)  which 
was 7.1 percent of t he  root chord of the  wing above the w i n g  upper 
surface at  the poin-irg)f maximum thickness of the w i n g  a t  the root. 
For the forward p08itfoy?. of the  inlets ,  the leading edge of t h e  l i p  
u&s 19.3 percent of the root chord of the wing ahead of t he  wing 
leading e-, and for the aft posftim of the  inlets  the  leading 
edges of the lips were above the point of maximum thicImess of the 
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wing-root section (35.6 percent  chord). 

.) One location of the j e t  motor waa assumed f o r  the airplane, 
mis location allowed a short internal ducting s p t e m  for the aft 
location of the inlets and a longer internal ducting systam f o r  the 
foxward location. Them two internal. ducts are ahom assambled f o r  
preliminary bench tests in figure 5. m e  long hternal duct 
c&isted of the  short internal duct with a 14.2Finch,  constant+ 
area  section added t o  extend it forward. To provide a more complete 
canparison of the k c t  entrances, the forward w e t s  were a l s o  tested 
trlth  the short internal ductin@; system. me area r a t i o  between the 
shulated face of the turb-jet compressor  and the submerged i n l e t s  
waa 1.336 for both the ahort and long internal ducts. 

Deflectors  (reference 2) were hvest igatsd on only the Wets 
, nith divergent raz~~p walls. Coordinates and photographs of the 

: deflectors  installed on the model are  ahom in figures 6 and 7, 
respectively. The normal deflectors  =re tested at both the forward 
and aft locatiom of the W e t s  while various  modifications mre 

,- investigated  for  the forward location of the inlets, 

The quantity of air flow through the submerged air in l e t s  of 
the model was varied and controlled by a centrifugal pump located 
outside of the wind tunnel, The pump was connected t o  the duct 
system by a pipe  attached t o  the rear of the model. The length of 
the  pipe  (fig. 2) attached t o  the model and passing throu@ the 
wind-tunnel f l d o r  was f lexible  t o  a l l o w  the angle of attack of the 
model t o  be  changed. A standa;rd eharpedged ASm orif'ice meter was 
used t o  measure the quantitr of air dram through the submerged air 
inlets .  . I n  determining  the inlet velocity r a t i o  frm the measured 
quantity of flow, the free-stream air density was used. This intro- 
duced a maximum er ror  of 2.0 percent in the  inlet   velocity ratio. 

Ram pressure  recovery, a t  the duct  inlets and at the simulated 
entrance to the ccrmpmssor, wa8 measured'by rakes of pressure tubes. 

i n l e t  and 40 total-pressure and 4 static-pressure  tubes a t  the 
simulated entrance t o  the cmpressor. In cnsrputing the mean ram 
recovery r a t i o  a t  the in le t s  H~-po/Ho-po the reading of each 
tube w a ~  weighted (reference 2) in accordance with the variation 
of the mass flaw across the duct inlets. Aa the   vu ia t ions  in the 
velocity weremall a t  the s h d a t e d  entrance t o  the ccmrpreesor, an 

wr8 were 36 t O " p ~ s S U l W  and 5 8ktiC"preS6~re h b 8 s  in each 



arithmetical meam of the  tube readings was used t o  determine the ram 
recovery r a t i o  - ~ ~ - p ~ h - p ~  a t  this position. 

The external drag of the submerged- in l e t s  waa determined for 
only the forward location of the inlets. Two methods w8re used t o  
determine t h e  drag: (1) force measurements on the cmglete model, 
and (2) measurements of the mcanentum of the air  ju s t  behind the 
inlet locatfon. The force--test  drag was meamred with the f lexible  
pipe -(fig. 2) at  the aft of the fuselage removed (f ig .  8) while air 
was allowed t o  bleed  through the internal ducting syetam. m e  inlet 
veloci ty   ra t io  V&, was changed by varying the outlet area A 3  - 

of the duct f o r  the f orce-test drag measuremsnte . 
The drag  attr ibuted  to the submerged in l e t s  was taken &a the 

difference in the drag, measured by the win&tunnel bdanoee, with 
the duct entrances fnstalled and removed less the internal drag. 
The internal drag w a ~  calculated from the loss of mcanentum per uni t  
time of the air flowing through the internal ducting. me internal 
drag coefficient was computed.with the f o l l a r f n g  equation: 

The value of the constant n was found t o  be 0.44 X (Al/&) from 
surveye made a t  the  duct  exit. 'Ihe derivation of t h i s  eqmtion ie 
presented In Appendix B. 

. .  

In the determination of the external drag of the submerged 
entrances by the momentum method, preernxre rakes -re mounted on 
t he  fueelage 3 inches behind the duct  lips. The data obtained from 
the rakes ware reduced to  -0effIcient form in a maaner similar 
t o  that described in 4 p n d i x  B of reference 2. The drag forces BO 
computed are  equal t o  the thane fn rnmentum per unit time at the 
rake location due t o  the eubmerged fn le t s  and do not  lnclude the ram 
drag o r  the ef fec t  of the inlets on the flow over the rear portion 
of t he  fuselage. 

Preesure-diStribUtion t ea t s  were made along the center lines 
of the ramp8 and the l i p s .  me c r i t i c a l  Mach numbers . Mcr of the 
component par ts  of the duct enkamces '(ramps, imide and outside 
of the l i p s  were, estimated from these pressure distrfbutions by the 
use of the &man+I?aien method (reference 5 ) .  m e  pressures on the 
deflectors -re not measured. 
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RESULTS AKD DISCUSSION 
* 

v It was realized from previous tests (references 1 t o  4) that . a thick boundary layer on the  fuselage has a detrimental  effect on 
the ram recovery  in submerged in le t s  and that the interference m d  
pressure  f ie ld  of the wing might also be adverse, To determine these 
effects two- locations of the in le t s  were tested,  the forward loca- 
t ion where the duct in le t s  were f o m d  of the wing (fig.  7), m d  
the a f t   loca t ion  where the duct fnlets were  above the  pofnt of 
max~mum thickness of the wing (f ig .  7 ) .  

Figure 9 shows the boundary-layer thickness and the  pressure 
distribution f o r  the two locations measured on the  basic  faelage 
along  the  fuselage  reference  plane. The boundaq-hyer  thiclmess 
denoted  by the parameter  h/B  (reference 2) was approximately 
1.33 times greater for the aft than for the forward location of the 
eubmerge-d =trances. The efficiencies of the ducting system 
evaluated during the bench tests of the long internal ducting and 
the  short  internal  ducting are shown in figure 10. The efficiency 
of the  short jnternal ducting was 19 percent  higher thEEn that of the 
long internal  ducting. 

It was assumed that the airplane  represented w a ~  powered by 
a typical. gas turbine delivering approximately 3300 shaft horsepower 

1 f o r  take-ff. The submerged in le t s  were designed s o  that the  inlet  
velocity r a t i o  with t h i s  &as turbine would be 0.60 at  5% mfles per 
hour and 1 .OO in a clfmb at 350 miles per hour. 

c 

Ram Recovery Ra t io  

The  mean ram recovery ratios at the duct i n l e t s  and at the 

17 as a function of the mo&l an- of attack and the inlet velocfty 
r a t i o .  I *  - 

The ram recovery ratio at  the inlets is'shown in figures 11 and 

c simulated entrance t o  the  canpressor are presented In figures l l  t o  

I 2  f o r  the f o m d  and aft locations of the submerwd entrances, 
respectively. me effect  of angle of attack on the ram recovery in 
the n o m  operation range ( V l b 0  = 0.6 t o  1.0) was amall. With 
deflectors on the  diverging ramp walls, the ram rerrovery decreased 
approximately 0.001 per degree angle of attack and for para l le l  
and diverging ramp wa,lls.without deflectors  about 0.005 per degree. 
Figure 13 (obtained from the data of figs.- I L  and 12) suama,rizes 
the effect  of the  location. of the duct  inlets on the entrance ram 

c recovery a t  0' angle of attack. The following table campares 

-* 
c 
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these data f o r  an inlet veloci ty   ra t io  of 0.7: 

Forward location Aft lxa t iwn  

Inlet 
H1-0 

%-Po Eo-0 
I n l e t  

Pa ra l l e l  walls 

Divergent walls Divergent walls 
935 Divergent walls .g"O Divergent w a l l s  

o .a20 m a n e l  walls 0.890 

w i t h  no& 

.960 tended f o r m d  
,940 deflectors deflectors ex- 

with normal 

. 

The difference8 in the ram recovery between the forward and aft 
locations of the submerged a i r  inlets were not great. It is 
believed that the difference In the ram recovery r a t io s  for the two 
locations wa8 due, prfmarily, t o  the difference In the  fuselage 
boundaxy-byer thickness (fig. 7). It should be noted that ident ical  
deflectors were not  used in the co~?rparleon. Prelhfnary test data 
indicated that the  forward  extension of the deflectors for the front 
location of the inlets lmproved the ram recovery f o r  inlet velocity 
r a t io s  lese than 0.7 and produced no e f fec t  for higher  values. Modl- 
f ication of the deflectors for the aft inlets   effected no improvement 
in the character .e t ics  over those for normal deflectors. 

!fRe ram recovery a t  the ~imulated face of the compressor 13 
presented in figures 14 t o  16 for   the forward (long and short 
internal ducting)  and the aft (short  Internal ducting)  locatlone 
of the submerged entrances. m e  ef fec t  of angle of at tack on the 
ram recovery r a t i o  a t  t h e  simulated face of the compressor was 
similar t o  that at the entrances. Figme 17 s ~ l z e s  the data of 
figures 14 t o  16 Ebnd shows the ef fec t  of the  entrance  location and of 
the efficiency qD of the Gternal ducting a t  Oo angle of attack. 
&e fo l lowing  table canpares these data f D r  an inlet-velocity  ratio 
of 0.7: 

. .  . . .  . 
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. I- Forward location 

k l e  t 

~ ~ 

Parallel walls 
Divergent w d l s  
Divergent walls 
wlth normal 
delfectors 
extended 
forwaxd 

~ 

0.780 
9885 

.goo 

Lon@; 
Lnternal  
ducting 

0.740 
.820 

.840 

Aft location 

Inlet 

~~ ~ ~~~ 

Para l l e l  walls 
Divergent walls 
Divergent walls 
with normal 
de€lectors 

He, 
%-PO 

Short 
internal 
ducting 

0.670 
.SO 

.865 

The ef fec t  of location of the inlets is sham by comparing the data 

air inlets  with the short internal ducting. The difference i n  ram 
recovery r a t i o  at the simulated entrance t o  the ccmpressor due t o  
t h e  location of the i n l e t s  was of the same order of magnitude as 
was measured at the inlets ,  the forward  location  having the higher 
recoveries. Hmver,  figure 17 shows tha t  for the divergent-walled 
entrances with deflectorq a larger ram recovery w-aa obtained  for 
the aft than f o r  the  forward  location of the inlets ,  wfth i n l e t  
velocity ratios i n  excess of 0.9. This difference may be accounted 
for by a small change in the elf iciency q~ of the internal  ducting. 

The ef fec t  of the i n t e r n  ducting  efficiency qD ( f ig .  10) 

. i n  the above table for the forward and aft locations .of the aubmsrged 

- 

m y  be shown by comparing the data in the  preceding table md 
figure 17 f o r  the f o m d  location of the inlets wlth the short 
and long internal ducting. There waa only a emall dif f e m c e  in 
the recoveries f o r  inlet velocity r a t i o s  below 0.5, but the ram 
recovery r a t i o  progressively decreased above th i s  value for the 
longer internal  ducting. For an inlet velocity r a t i o  of 1.0 the 
recoveries a t  the campressor were reduced 15 to 18 percent below 
those for the  shorter internal ducting. 

For inlet   veloci ty   ra t ios  'greater than 0.65  and 0.83, with 
divergent and para l le l  walls, kespectively,  the ram recoveries at  
the simulated entrance t o  the ccsnpreseor were higher  for  the aft 
location of the $nlets with the short internal ducting than for 
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the forward locatlon w i t h  the long internal ducting. Coneequently, 
i f  the location. of the cmpressor is such that long internal ducting 
m u s t  be used for the forward inle-$, it m i g h t  be advantageous t o  we 
the aft location of the in l e t s  w i t h  the shorter, more ef f ic ien t ,  
internal ducting system. mane of' the  canbinations of the parallel- 
walled ent r ies  and the internal ducting eyetame give as high a ram . 

recovery at  the simulated entrance  to the campressor, for high-speed 
flight, a8 the poorest  cmbina.tion of the divergent-walled en t r ies  
and the internal ducting sgetem investigated. 

. " 

Flow Studies 

When the  entrance ram recovery was measured in the inlets with 
the diverging ramp walls, two egmmetrically located  regions of low- 
velocity air mm noted as shown in  the sketch. 

, R e g l o n o  or 
l o w  velocity 

In an attempt to c la r i fy  this phenomenon, visual tuft tests and total- 
preesure measurements were made. Theae obaervations  indicated that 
the  air flowing along the ramp f oJJ-ared the divergent walls, while the 
air flow along the fueelage was approximately pa ra l l e l   t o  the f me 
stream. Consequently, at  the top of the ramp wal ls  there m e  a 
discmtinuity in the direction of air flow. mi8 diaconthuity 
apuarentls  resulted in a rotat ianal  flow as ahown below, 

R e s u l t a n t  r o t a t i o n a l  
f l o w  

Flow d i r e c t i o n  
o v e r  f u s a l a i - e  

F l o w  d i r e c t i o n  moar 
r a m p  w a l l 8  

A- A 
" 

From the foregoing discuseion it may be conjectured that a part  
of the fueelage boundary layer developed ahead of the in le t s  was 
entrained in t he  region of rotat ional  flow. Part of the air in the 
rotat ional  flow paesed over the  outside of t h e  entrance l i p s  and the 
remainder enbred the ducte, the proportima depending on the operatling 

... - % 

" 
. .  

. .  



conditions of the  inlets.  For higher inlet velocity ratios the 
strength of the r o t a t i o n a l  flow and the pro-portion that flowed into 
the entrances  increased.  This hypothesis appears to explain, 
qualitatively, the o r i g i n  of a large portion of the  entrance losses 
encountered w i t h  the submerged in le t s  with divergent ramp walls, 
For the parallel-d ramps this r o t a t i o n a l  flow was lese evident, 
and the major portion of the bomdaxy lapr developed ahead of the 
in le t s  flowed into the ducts. 

The external drag coefficients of the IUCA submerged inlets a6 
determined frm measurements of the change fn momentum immediately 
behind the duct  entrances are presented in f igum 18 . The dr&g 
w-as determined for only the f o m d  location of the duct  entrances 
as the  close  proximity of the wing made it impossible to install 
the momentum rakes behind the aft duct entrances. me  drag of the 
entrances w i t h  -el or divergent walla, as indicated by the 
momentum method, w&8 approxtmab-  zero (less than CDD = O.OOO1 
based on WLng mea) for an inlet   velocity r a t i o  of 0.7 and Oo Elngle 
of attack. For the same condition, the deflectors  increased the 
drag  coefficient by approximately 0 0007 based on the w i n g  area 
5 increase in t b  drag due to the deflectors aspeared t o  off s e t  
the  gain in p e r f o m c e  due t o  increased ram recovery (I percent 
during h i m p e e d  flight) that may be obtained by t h e e  use. . -  

The evaluation of the drag increments due t o  the submergitd 
Inlets,  by the momrentum-8urvey method, was di f f icu l t  and time 
consuming when, as in t h i s  test, tlie surveys were made in a region 
of three-dimensional flow. k an attempt to  verify rapidly the 
magnitudes of the drag of the submerged in le t s  me&eured by the . 
momentum method, data mre obtained using the Wind-tunnel balance . 
These data w e  shown in figure 19. The diff erences in drag,' aa 
measured by the wind-tunnel balance,  betmen t he  various inlets at 
a given inlet   veloci ty  r a t i o  are considered  accurate. However, the 
absolub  values of the drag due t o  inlets, as indicated by the 
wind-tunnel balance measurements, should be considered only  qual i -  
tative  became of the change in the  pressure drag of the fuselage 
with  changing e x i t  conditions. 

! h 3  two methods show fair agreement in the V&ue of Tl/Vo 
for which the  drag  increment m s  zero for the  entrances  with . 
divergent walls without deflectors and for those with parallel 
a s  (fig.  19). w i t h  other  inlet   velocity  ratios  the drag incre- 
ments (both  positive and negative) determined from the wfnd-tunnel . 

t 4 
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balance measurements were larger  than those from the momentum e m e g a .  
In the cases where the mcaaentum surveys indicated emall negative d r a g s ,  
t he  wind-tunnel balance shared  larger  negative  draga, This difference c 

i n  drag can be explained i n  part by the f a c t  that f o r  the higher 
in le t   ve loc i ty   ra t ios  the flow on the rearward portion of tb fuselage 
was -improved w i t h  a consequent  reduction in the ove-ll fuselage 
drag in exces6 of that measured immediately behind the aubmerged 
in le t s .  Conversely, the  flow over the  rearward part of the fuselage 
deteriorated wfth the lower  inlet velocity  ratios.  m e  same reason- 
ing  can also explain why a greater drag increment was measured with 
the wind--tunnel balance than by the mamentm method for the normal 
deflectors extended forward. (For an a of 0’ and a V1/Vo of 
0.7, the drag-eoefficient increment with the normal deflectors 
extended forward was 0.0015 a6 de%rruined from the force teete  and 
0.0007 aa determined f rm the mcanentwn ~urveys ,  ) 

The increments in drag caused  by the deflectors  (aa measured 
by the wind-tunnel balance) are presented in figure 20. mese data 
show that considerable  reduction in the drag of the deflectors may 
be obtained by altering  the aft portions of the deflectore deeigned 
from reference 3. It is believed tha t  separation m e  occurring on 
the aft portion of the normal deflectors. To relieve the separation, 
the aft portions of the deflectors were extended (figs. 6 and 7). 
This extension  reduced the deflector drag &B much as 40 percent 
(fig. 20). 

Predicted  Crit ical  Msch Nunber 

The pressure distribution for the forward  location of the FnletS 
wlth the diverging walls is presented  in figure 21. The minimuur 
pressure on the ramp occurred  approximately 30 percent of the ramp 
length frmm i ts  forward end, and this location dld not  vary wLth 
angle of a t tack from -ho t o  4’ or with inlet velocity  ratio.  The 
pressure distribution over  the  forward 35 percent of the ramp did 
not change with inlet velocity  ratlo.  

The predicted  cr i t ical  Mach nmbers f o r  the rkupe and l i p s  
are presented i n  figures 22 and 23. mese values of the predicted 
c r i t i c a l  Mach number w ~ r e  ccrmputed by t he  K&mh”I!sien method 
(reference 5) fram the measured low-speed pressure dietribution. 
This method i e  based on the €i8emption that the flow over the ramps 
and l i p s   i a  two-dimensional, which is not   s t r ic t ly   carrect ,   ae  the 
duct  inlets were teated on a three-dfqteneional. body. It is believed, 
however, that the resu i t s  are colllservatiie. (See reference 6.) 



The data of figures 22 ana 23 show that - f o r  identical  entrance 
configurations, the predicted  cr i t ical  Mach nrrmbers were higher for 

angle of attack of 0' for inlet   velocity r a t i o s  frcrln 0.6 t o  0.8. 
This difference was possibly due t o  the pressure  f ie ld  of the wing, 
which reduced the pressure on the basic  fuselage  (fig. 21) in the 
vicini ty  of the aft inlets .  The effect  of increasing  the angle of 
attack waa t o  decrease  the  predicted  critical Mach number. This 
effect  was more pronounced f o r  the aft location where the submerged 
entrances were in the pressure field of the wing. 

the f o m d  location of the in le t s  than for the aft location at an 

In both the forward and the aft locations, the entrances with 
divergent mlls had higher  predicted  cri t ical  Mach numbers than the 
entrances with parallel wells. The l i p s  of the parallel-walled 
entrances w ~ r e  the limiting cnmponent of that typ of inlet for the 
high-speed fliet condition (a = Oo, V1/Vo = 0.6 to 0.7). In the 
high-speed flight condition the entrances wlth diverging ramp walls 
had predicted  cr i t ical  Mach numbers on the ramps and the  ineides of 
the   l ips  equal t o  o r  greater than the plain wing (Mer = 0.76) . 

COFB=m§IOE 

me  followlng  conclusions are  drawn fram the results of tests 
of several submerged in l e t s  in two locations on a l / k c a l e  model 
of a typical fighter airplane : 

1. In both locations on the fuselage, the submerged inlets 
wlth the ramps having  divergent walls provided a hi& ram recovery- 
at  the simulated entrance t o  the coanpressor, high predic ted   c r i t i ca l  
Mach numbers, and low external drag. 

2. The submerged in l e t s  w i t h  ramps having paral le l  walls were 
less satisfactory than t h e  submerged in le t s  with r-s having 
diverging walls. 

3.  The ram recovery a t  the  duct entrances, for the inlets 
tested, was higher with the in le t s  in the forward than i n  the aft 
position. 

4. The ram recoveries were higher at the 8 h u h - d  entrance 
t o  the  cmpressor, with 8- inlet velocity ratios, f o r  the aft 
location of the inlets wi th  the s h o r t  internal  ducting than f o r  
the forward location w i t h  the longer internal ducting. 
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5. The drag of the fuselage with eubmerged duct inlets opera+ 
ing with in le t   ve loc i ty   ra t ios  greater than 0.70 wae lees than the 
drag of the basic  fueelage; hmver,  with inlet   veloci ty   ra t ios  
below 0 .TO there wae an appreciable increase in the drag attributable 
t o  the h h t 8 .  .. . 

6 .  m e  external drag of the deflectors  more than offeet the 
improved ram recovery they provided on thie  model. 

. .. . .  

7. For t he  high-peed f l i g h t  condition, the predicted critical. 
&ch number of the inletswae higher far the forward location than 
the aft location. 

h e 8  Aeronautical  Laboratory, 
N a t i c m a l  Advisory Cami t tee  for Aeronautics, 

Moffett Field, Calif. 

1. Frick, Charles W,, &vis, Wallace F., Randall, Iauroe M., and 
MOB-, &met A.: An Bxperimental  lhvesti@tion of W A  
Submerged-Duct Entrances. W A  ACR No . 5I20, 1943. 

2. Mossman, Emmet A., and Randall, L a m e  M. : An E3perimant-d. 
Investigation of the Design Variable6 for XACA Submrged h o t  
Entrames. MCA RM Mo. A-30, 1947. 

3 . Gault, Donald E. : An I3xperimenta.l I n v e s t m t i o n  of N4CA 
Submarged A i r  Inlets on a l/-oale W e 1  of a Ffghter 
A i r p l a n e .  NACA RM m0. ~7106, 1947. 

4. Moa-, Fmmt A., and Gault, Donald E.: Developlnent of RACA 
Submerged Inlets and a Compar i son  uith Wing LeadiqJMge Inlets 
f o r  a 1 /44ca le  M e 1  of a Fighter Alrplans WCA RE4 No. A7A31, 
1947. 

6. Lees, Leeter: A Discussion of the Application of the Prandtl- 
G l a u e r t  Method t o  Subsonic CmPreaelble Flow Over a Blender 
Body of Revolution. mACA mT no. 1127, 1946. 



. .  

i-, r 15 

Tip  chord . . . . . . . . . . . . . . . . . . . . . . . .  1.15 f t  

wing  incidence . . . . . . . . . . . . . . . . . . . . . . . . .  OO 
Submerged Tnlets 

~ & m ~ a n g l e . . . . . . . . . . . . . . . . . . . . . . . . . .  7" 
Aspect r a t i o  of M e t  . . . . . . . . . . . . . . . . . . . .  4 

Total. crosEs-sectianal mea of both inlets 
measured 12 inches behhd l i p  leading edges 0.0m sq f t  

Depth of t he  ramps at t h e  l ip   l ead ing  edges . . . . . .  1.720 in. 
Distance of duct-lip leading edges 

from wing leading edge 

Aft location . . . . . . . . .  35.6 percent  root  chord behind 

Distance of inlet center lines above 
the f i g  a t  the fuselage juncture . . . .  7.1 percent root chord 



Length of the internal duct from l ip   leading e@ 
to t he  simulated entrance of the ccrmpressor 

Short fnternrtl ducting . . . . . . . . . . 15.25 in. . .  . 

Area r a t i o  a . . . . . . . . . . . . . 1.336 
. .. . 

. APPENDlXB 

For the dsteminatim of the external drag of the twin submerged 
duct inlets the drag of t he  inted ducting had t o  be determined., 
The intermal drag W&S c m u t e d  f m  the inlet velocity ratio V l f v o ,  . 
w 3 n g  area S, duct inlet mea AI, md the duct exit m a  q3. 

Iche first term of equation (1) is readily evaluated. For the Bt3Cond 
term, survey8 were made at  the exit BC~"OBB one tilameter t o  determine 
the variation of the velocity vg across the out le t .  The velocity 
distribution m a  asglumed equal on all diameters. The experimental 
velocity profiles were plotted and matched by a mathematical curve 

where n wa8 f omd t o  be equal to 0.44 AI/&, where A=/& is 
the ratio of entrance area t o  exit area. Using thie value of n, 
the mathematical  curve showed good agreement with the experimental 
p o i n k .  If the flow had been lamZnar, the value of n muld have 
been one. 

. .  
.. - 

Ir 
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The average velocity  acrose the ex i t  is 

Substituting the value of v3 frm equation (B2) and integrating 
equation (B3) 

I From the continuity  equation f o r  an inccaqpreesible f l u i d  
VLA1 = V 3 b o  Substituting this in equation (B4) 

Substituting -the value of v, frm equation (6) in  equation (Bl) 
and in t eg ra thg  

m e  internal drag may now be computed frm the inlet   velocity r a t i o  
B1/Vo, wing area  S, duct inlet m e a  AI, and the exit area &. 
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FIGURE I -  A THAE€- V/EW DRAWING OF 7HE AIRPLANE 
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C O N F I D E N T I A L  

COWFIDERTIhL 

FIGURE 4, - COOffD/#AT€S OF THZ L/PS FOR THE‘ SUBM€RGED 
AIR /NL E TS. 

. ” 
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(a) Short internal d u c t i n g  system. 

(b) L a g  internal ducting system. 

Figure 5.- Bench”test ~ i n S t a u a t i 0 n  of ”. internal ducting. 
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THE DEFLECTORS  FOR THE SUBMERGED FIGURE 6.  - COORDINATES OF 
AIR /NL E r s .  
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(a) Aft inlet with p a r a l l e l  

ramp w a l l s .  

(e ) Forwmd inlet  w i t h  dive? 
ging ramp walls, 

(b) Aft inlet with diverging 
.romp w a l l s .  

(d) Forwaxd inlet with paral le l  
ramp walls. 

( g )  F o m d  l nLe t  with dive- (h) Forwara InLez wltn divex- 
ging r a p  d e  and 3eavez- ging ramp walls and deflectors 
t a i l  def l e c  to re .  - extended aft. 

A-12300 

Figure 7.- Pictures of the varioua submerged air inlets. 
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FIMRE 9.  - BOUNDARY - L A YER THICUtVESS AND PRESSURE DISTRIBUTION  ON THE BASIC FUSEL AGE 
MEASURED ON THE CENTER LINE OF Tdg SUBM&7GED AIR IN1 ET'S. E ,  0.3 '. W 
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FIGURE IO. - BENCH-  TEST  EFFICIENCY OF THE INTERNAL DUGTING SYSTEMS. 
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FIGUR€ /I- - VAR/AnDff OF THE RAM RECOVERY  RATIO AT TH€ INLET WITH ANGLE 
O f  ATTACK FOR THE FORWARD  SUBMERGED INLETS. 
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-4 -2 '0 2 4 6 8 4 - 2 ' 0  2 4 6 8 

ANGLE OF ATTACK,*iDEG 
.. . . 

F , R E  12. - VARIAKJON OF THE RAM RECOVERY RATIO- AT THE INLET wIrH ANGLE 
W AT  TACK FOR THE AFT SUBMERGED /NLETS. 
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F / m €  16. - VAR/A?'7ON OF ?X€ RAM RECOVERY  RAT/O AT T f f !  SWUAT€U COhfPRESSSOR 
EVTRANCE W/TH ANGLE OF ATTACK FOR TH€ AFT WBM€RGED INLETS. SHORT 
NTERNAL DUCT/ffG . 
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cQ-O02 fa) PARALLEL WALLS - 



FIGURE PO.- THE VARIATION  WITH INLET-YELOCITY RATIO OF THE DRAG 
INCREMENT DUE TO SEVERAL DEFLECTORS. FORWARD  LOCATION OF 
THE INLET ; K ,  0: 
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Oo .2 4 4 & LO /z L4 I t  

WALL s 

FIGURE 22. - VAR~TION OF m .  PREDICTED CRITICAL mcn NUMBER WITH /,vim- moarr 
R4T/O FOR  THE  FORWARD LOCAT/ON OF THE SU8MffGED /NLffS. 

. 



( b )  DIVERGENT WALLS 

F/GURE 23. - VAR/AT/ON  OF THE PR€D/CTED CR/T/CAL MACH NUMBER W/TH /NLET- 
VELOCITY RATIO FOR THE AFT- LOCATION of THE SUEMERGED m u m .  

. 


