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AN EXPERIMENTAL UrvESTIGATIOlf OF UACA SUBMERGED 

AIR INLETS ON A l/5-SCALE MODEL OF A 

FIGHTER AIRPLANE 

By Donald E. Gault 

SUMMARY 

The results of an experimental investigation of an NACA submerged­
air-inlet system on a l/5-scale model of a fighter airplane are pre­
sented. Preliminary developmental tests were conducted to select the 
optimum entrance configuration. Duct-system total-pressure losses and 
pressure distributions over the lip and ramp of this air intake were 
obtained. An estimate of the dynamic pressure recovery at the entrance 
to the jet engine and critical ~~ch number of the inlet for the fighter 
airylane is made. It is sho,'lD. the.t the inlet location investieated is 
unsatisfactory. 

INTRODUCTION 

In conjunction with the general investigation being conducted by 
the ltACA on jet-eneine air inlets the development of a submerged-type 
inlet h8.s been undertaken. The initial experimental work on this inlet 
can be considered as having consisted of t\'l0 interdependent phases: 
(1) basic experimental investigations which were conducted on an 
isolated inlet mounted in a s~ll wind channel (reference 1), and 
(2) "lind-tunnel studies of complete submerged-inlet systems on scale 
models of hm sui table aircraft. The results fror! the second phase have 
been published , in part, as refer ence 2, but due to the eXigencies of 
;.rartime 'vind-tunnel operation, the remaining data. obtained from a 
1/5-scale nodel of a fighter airplane, never progressed beyond preliminary 
form. Because of the considerable interest now existing in RACA sub­
merged air inlets, the results of the l/5-scale-model investigation are 
presented herein. 

It will be noted that the plan-form shape of the approach (ra~) 
to the submerged entrance used for this investigation is not the shape 
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2 CONFIDENTIAL l1ACA RM No. A 7I06 

recoll1!!lended a,s optimum in reference 1. The submerged-air-inlet system 
for the l/S-sccle model of the fighter airplane "vIas designed. prior to 
the completion of the fir st phase, and the data upon "Ihich the recom­
!:lend.a tions of reference 1 are based vere obtained subsequent to the "'ind­
tunnel investiGat ion of t his i nl e t app lica tion. The difference in ra.m:p 
~lan forms, which probabl y decreased the dynamic pressure recovery 2 to 
6 percent in t he lo \>r-inlet-veloci ty ratio ranee <Ve/Vo < 0.7) in no "tray 
reduces the value of these data as a guide for future submerged-inlet 
applications. 

These tests were requested by the Bureau of Aeronautics, Navy 
Department , and conducted in the Ames 7- by lO-foot wind tunnel No.2 
dur ing the month of January 1945. 

6R 

M 

p 

SYMBOLS 

The symbols used throughout the report are defined as: 

lift coefficient (..llll) 
!pV0

2 

loss in total pres sure measured between the free stream and t he 
entrance to the jet eneine, pounds per square foot 

los s in total pressure measured bet'\.leen the duct entrance and 
the entrance to t he jet engine, pounds per square foot 

loss in total pressure measured between the free stream and the 
duct entrance, pounds per square foot 

Mach number 

critical Hach number 

(
Pt- U O ) pressure coefficient qo ~ 

static pressure, pounds per square foot 

dyna.lnl.C pressure <-t pVZ
), pounds per s<luare foot 

V velocity, feet per second 

CONFIDEl~IAL 
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inlet-velocity ratio 

Cl model angle of attack referred to fuselage reference line 
(wing has 10 incidence), degrees 

p mass density, slugs per cubic foot 

where the subscripts denote conditions for 

e duct entrance 

o free stream 

~ local conditions 

3 

The expression "percent dynamic pressure recovery" is used to 
represent the term 100 [1 -(6H/~)J. It was assumed to be independent 
of Hach number in estimating the dynamic pressure recovery for the 
fighter airplane. 

MODEL AIID APPARATUS 

The 1/5-scale model of the fighter a~lane used in the investi­
gation was originally constructed to si~ate a jet-boosted aircraft. 
Hovrever, it "'las asstuned for this e:xperimental investigation that the 
conventional reciprocating engine "'as removed anc. that sufficient 
pOifer for all flight conditions ,·ras furnished solely by a \"lestinghouse 
24-C jet engine housed in the fuselage abaft t he pilot's enclosure. 
Full-scale dimensions of the fighter airplane are biven in table I, 
while figure 1 presents a three-vie' .... sketch of the airplane. A photo­
graph of the model mounted in the ,.,rind tunnel is shoi"ffi in figure 2. 
The model, constructed of laminated mahogany on a steel framework, ,,,as 
not provided \ .... i th a landing gear or empennage. A schematic vie,., of the 
wind-tunnel test setup is given in figure 3. 

For this application, twin liACA submerged entrances, synmetrical 
about a vertical plane passing through t he longitudinal axis of the 
model, were located along the sides of the fuselage. The lO"'ler ,-mIl of 
the ramp was approY.imately 13 inches (full scale) above the "rine chord 
plane with the lip of the submerged entrance situated immediately above 
the junc ture of the wing leading edge ,.,ri th the fuselage. mcil. inlet 
had an entrance area of 0.747 square foot (full scale) ,·thich, at 
550 miles per hour and an inlet-velocity ratio of 0.60, ",ould furnish 
at 20,000 feet the required 35.7 pounds per second of air to the West­
inghouse 24-0 jet engine. The air, after entering t he twin submerged 
inlets, was ducted directly aft until clear of the pilot's enclosure, 
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and then turned slightly downward and inboard. to join in a common channel 
having an area of 3.142 square feet (full scale) at a distance 3.00 feet 
(full scale) ahead of the jet-engine compressor. Dimensional character­
istics and photographs of the diffuser for the 1/5-scale model are given 
in figure 4. The d.eflectors along the ramp walls, which \-Tere found to be 
necessary for maximum ram recovery in reference I, were molded from 
mod.eling clay to simplify making minor modifications in their size and 
shape while the model was installed. in the wind tunnel. 

For the investigation reported herein, the air was drawn through the 
submerged.-duct system by a centrifugal pump located outside the wind­
tunnel test chamber; power for the pump \'/8.S furni shed by a variable­
speed electric motor. ~uantity flow through the ducting system was 
measured. by a standard orifice located in the air conduit pipe which 
connected the model to the pump. Total-pressure losses were determined 
from an integrating manometer connected to a survey rake consisting of 
33 total-head tubes located 6 inches (full scale) upstream of the entrance 
to the jet-engine compressor. Pressures over the lip and ramp of the 
submerged entrance were obtained from flush-type orifices located along 
the center line of the entry and. connected to multiple-tube manometers. 
For several test conditions, total-head survey rakes were placed 5 inches 
(full scale) downstream of the leading ed.ge of the lip to determine the 
location and magnitude of the duct-entrance pressure losses. 

To determine the efficiency of the internal Qucting system, separate 
bench tests were conducted with the d.ucts removed from the model and 
large, bell-shape entrance cones attached to each inlet. Air ,.,as dra",n 
through the system by a constant-speed blo\-ler and quantity flow varied. 
by a butterfly-type valve located in the blmoJ'er entrance. Pressure 
losses and quantity flow were measured ,nth the same rake and orifice 
previously described and in a similar manner. 

PROCED1.ffiE 

Prior to installine the model in the \-rind tunnel the efficiency of 
the internal ducting system was determined.. This information together 
with entrance losses from a similar ·suomerged inlet served as a guide l 

in the development of the duct-entrance configuration which was thought 
to be the optimum for the given installation. 

Upon selection of the final submerged-inlet configuration, pressure 

lThe method for estimating the maximum dynamic pressure recovery which 
could be expected in the ",ind tun..l1el ,·las identical to that given on 
page 6 of reference 2. 
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distributions over the lip and ramp, and duct-system total-pressure 
losses .... 'ere measured at constant inlet-velocity ratios throughout a range 
of angles of attack for flaps retracted and flaps deflected 550 • The 
effect of airplane ya," on the ::9ressure losses was also determined at 
several inlet velocities and angles of attack. All pressures "Tere photo­
graphically recorded. The critical r.1ach numbers "lere estiITlated by the 
Karman-Tsien nethod outlined in reference 3. 

The 11ft curve and the relationship between the lift coefficient 
and inlet-velocity ratio for steady, level flight are given in fieures 5 
and 6, respectively. To estimate the pressure losses and critical ~~ch 
number of the lip and ramp throughout the important speed range for the 
fighter airplane , "matched" lift coefficients and angles of attack cor­
responding to the inlet-velocity ratios used in this investigation were 
determined for sea level and 20,000 feet operating conditions. With 
this information , it was then possible to select the matched fl i ght­
condition values of !::.H/qo and MeR from plots of the basic wind-tunnel 
data. 

The inlet-velocity ratio was set in the wind tunnel by relating it 
to the pressure drop across the standard orifice. For inlet-velocity 
ratios less than 1. 60, data ,.,ere obtained at a tunnel dynamic pressure 
of 40 pounds per square foot which, based on the mean aerodynamic chord 
of the model, corres~onds to a Reynolds number of ap?roximat ely 1.4 X 106 • 
Limita tions of the centrifugal pump necessitated a reduction in the ve­
locity of the .... nnd tunnel for higher inlet-velocity r atios. Notation 
is made .... 'here the data presented vlere obtained at lOHer Re;molds numbers. 

R!SULTS !lTD DISCUSSION 

Internal Ducting 

::Bench tests on the internal ducting systeo showed a total-pressure 
loss of approximately 18 percent of the duct-entrance dynamic pressure. 
(See fi g . 7.) Velocity distributions measured at the plane of the survey 
rake (fig . 8) and a tuft study disclosed no regions of turbulent or 
separe.ted f10v, and it is probable that guide vanes ,.,ould not have 
decrea sed this pressure loss appreciably. 

Preliminary Studies 

The initial wind-tunnel tests showed greater over-all tota.l-pressure 
losses than had been expected for this installation. As a result, until 
the causes for the discrepancy \-,ere discovered and the condition remedied, 
the original test program to determine the characteristics of the inlet 
through the flight range was temporarily postponed. 

CONFIDEJ:.TTIAL 
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When the efficiency of the internal ducting system was considered, 
it appeared that some unlrnown flow condition vlas causing entrance losses 
far in excess of those ordinarily obtainable with a submerged inlet. 
Readings frOrl a tote.l-pressure survey rake (fig. 9) installed in the duct 
entrance verified t he abnorlilal nature of the losses and revealed that the 
region of low energy air '12.S located in the corners of the inlets nearest 
the "Ting. Further investigation using tufts disclosed that 11p\,ash from 
the adjacent wing was effectively adding a component of flow perpendicular 
to the center line of the ramp and distorting the normal streamline pattern 
over the submerged entrance. This distortion was noticeable along only 
the lo\',er side (Le., the side nearest the wing) of the raIn!' and resulted 
in separated flo", which passed do';mstream and into the inlet. The use 
of extended deflectors (reference 1) reduced the entrance losses markedly 
(fig. 9) with a conse~uent gain in the ~ic pressure recovery over 
that obtained \rlth the plain duct (fig. 10)2. 

The use of deflectors for this investigation should not be considered 
solely as having been a means of preventing the boundary-layer air from 
entering the inlet as explained in reference 1. Tuft studies indicated 
that the lower deflectors prevented the obli~ue flow over the lower corner 
of the entrance and, hence, eliminated the pressure losses resulting from 
separation. Unfortunately, the height of the deflectors re~uired to ac­
complish this was more than twice that which was recommended in reference 1. 
A more forward inlet position. free from the influence of the wing-flow 
field, would have undoubtedly permitted the use of smaller deflectors 
similar to those investigated in reference 2. Not only would the boundary­
layer thickness have decreased. but the necess1 ty for large 10"ler deflectors 
to prevent se:paration would have been eliminated. The upper and lO'"ler 
deflectors for this investigation ,·rere made identical for reasons of 
symmetry only. although smaller deflectors along the upper edge of the 
ramp ';lould have been e~ually effect i ve • Ordinate s and detail s of the 
final submerged-inlet configuration are shown in figure 11. 

Pressure Losses 

The total pressure losses at the simulated entrance to the jet engine 
and pressure distributions over the lip and r~ were obtained u~on selection 
of the final inlet confieuration. Table II presents the total pressure 
losses as a fraction of the free-stream dynamic pressure 6R/~ for con­
stant inlet-velocity ratios throughout a range of angles of attack. 

2 These data ,"rere obtained "r1 th the pressure survey rake s installed in the 
duct entrance and are shown for co~arative purposes only. 
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Figure 12 sho .... Ts the vp.ria.tion at sea level and 20, 000 feet of the 
duct-system total-pressure loss with airplane lift coefficient for the 
fighter ai~lane as determined from this investigation. The percent 
dyne.mic-pressUl'e recovery as a f1lllction of airplane velocity is presented 
in figure 13 for the same conditions. It will be seen that the naximum 
dynamic-pressure recovery obtained "las 83 percent for conditions 
sinmlating 550 miles per hour at sea level and 20,000 feet. Decree.sing 
the flight speed to 350 miles 1)er hour corresponded to only a 6-percent 
decrease in the recovery, but thereafter it falls off more rapidly. For 
the ta1:e-off static-t}1xust condition "hen t~e free-stream .,relocity and 
dynauic pressure are zero (Ve/Vo =00) approximately JJ percent of the 
duct-entrance dyna.mic pressure '-las lost. 

The effect of yaw on the ram recovery is presented in figure 14. No 
sudden discontinuities in the recovery for increasing angles of ya~l are 
indica.ted. 

Again it should be noted that the plan-form shape of the ra~p used 
for this investigation is not the o?tiffiQU for ma~imun dynamic-pressure 
recovery. The recomnendations given in reference I for the optimum ramp 
sha})e are bp.sed on data obtained subsequent to the "lind-tunnel tests 
reported herein. As mentioned before, this difference in ramp shapes 
aL~ounts to a decrease in the ram recovery of approximately 2 to 6 percent, 
depending on the inlet-velocity ratio. 

Presmu'e Distribution 

The pressure distributions over the lip and ramp are given in terms 
of the pressure coefficient P in tables III and IV, respectively. 
Ins})ection of these data will show a considerable variation in the distri­
butions "'i th ~ne;lu of attack. Pressures over the basic fuselae;e contour 
along the center line of the entry for several angles of attack (fig. 15) 
demonstrate that this variation is due !>I'imarily to the location of the 
inlet in the flm.,r field of the wing. This effect on the critical Mach 
n1m'ber V'CR, of the lip 3 is clearly seen in figure 16. 

The variation ,-lith true airspeed of the submerged-inlet critical 
1130ch number is given in figure 17 for the fighter airylane as determined 
fro m these dE.ta. 

Althoueh the decrease in HCR from sea level to 20,000 feet 
operatine conditions is comparatively sflall, it is directly attributable 
to the effect the change in angle of attack incurs in the velocities 

3The critical ~~ch number of the r~~ is not presented since, for all 
conditions investigated, it was higher than that for the lip. 

COUFIDEI!TIAL 
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superimposed over the duct entrance. For an airplane having a higher 
wing loading and operating at greater altitudes, the resulting increased 
angle of attack for a given flight speed would have a more pronounced 
effect in reducing MeR. The pressure-distribution date indicate that 
the critical Mach number could have been increased if the entrance had 
been located 20 to 30 inches (full scale) farther forward. The assumption 
is made, however, that in moving the inlet forward the ramp ,,;ould not 
be placed in the field of a strong pressure gradient as existed behind the 
cowl leading edge for this investigation (fig. 15). The pressure ~eak 
over the cowl, caused b~ zero inflovT through the C01-/l entrance, cannot 
be considered as re~resentative for a more streamlined nose shape which 
\iould be incorporated on a completely jet-propelled aircraft. 

It is emphasized that selection of the final duct-entrance config­
uration was based solely on considerations of maximum dynamic-pressure 
recovery and critical Na.ch number of the lip and ra.m:9. No drag evaluations 
or deflector critical Mach number studies were made. 

Duct-flo"l Instability 

Throughout this investigation an unstable duct flow occurred at 
inlet-velocity ratios less than approximately 0.45. This instability 
originated with a decrease in quantity flow through one inlet and an 
increase in quantity flow for the opposite inlet with no ap~reciable 
change in the total quantity flow through the internal ducting system. 
The divergence from equal flows through the twin entries continued until 
zero inflow resulted in the one duct, at which time a co~lete reversal 
took place and the flows through the two entries equalized. The distur­
bance was cyclic and, once started, continued until the total que.ntity 
flow through the system was increased sufficiently to raise the average 
inlet-velocity ratio above approximately 0.45. The decrease in flow 
from the stable condition always occurred in the same inlet. No pressure 
losses or pressure-distribution measurements could be measured due to 
the rapid fluctuations of the liquid in the manometer tubes. 

It cannot be assumed , hOvTever I that the instability would occur at 
these same values of inlet-velocity ratio on the fighter airplane. The 
unstable regime is a ~xnction of the losses in the internal ducting 
system and differences in fabrication, even between individual production­
line aircraft, would consequently cause small variations in the value of 
the inlet-velocity ratio at ,.,hich instability COI!lI!lenced. Mechanica.l 
methods of eliminating t~is condition are disoussed in reference 2. 

CONFIDElIT IAL 
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CONCLUSIONS 

The results of a .,ind-tunnel investiea.tion of a.n l'tA.CA submerged­
air-inlet system on a 1/5-scale model of a fighter airplane indicate 
that: 

1. ~le location of the duct entrance was unsatisfactory due to its 
posi tion in reference to the ,.ring. 

2. A submerged inlet should not be placed on a surface where flow 
obli~ue to the center line of the ramp will occur. 

J. A submerged inlet should not be placed on a surface 'ihere high 
incremental velocities ''1ill be superimposed over the ramp a.nd lip. 

Ames Aeronautical Laboratory, 

1. 

2. 

3. 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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Airplane. general 

Over-all span . 
Over-a11 length 
Over-a11 height 
'freight •• .. 

Wing 
Airfoil section 

Root •. 
Tip 

Total area 

Chord 

Root 
Tip 

CONFIDENT ill NAeA RM No. A7I06 

T~LE I 
DHOOTSIOUS OF TEE FIGRTE...'It AIRPLAl;m 

(at rest) • 

. . . 

. . • 40 ft. 0 in. 
• 30 ft. 1/4 in. I 

. 13 ft, 8 in. 
. • •• 8400 Ib 

l~CA 652-1l7(a=1.0) 
NACA 652-ll5(~O.5) 

275 sq ft 

Hean aerodynamic chord 

Dihedral angle of chord plane 

112 in. 
56 in. 

87.5.5 in. 

Center "Danel 
Outer panels 

. . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . 
Incidence (with respect to fuselage reference line) 

Flaps 

. . . . . . 
Type . . . . . . . . . . . . . . Douglas retractable deflecting slot 

Span 

Inner • 
Outer 

Chord . 

Total area 

Engine • 

Rating 

4 ft, 6-1/2 in. 
4 ft, 8-1/2 in. 

0.25 wing chord 

. . . . . . . . . . . . . . . . 30.25 sq ft 

. . . . . 
V{estinghouse 24-C 

3000 Ib static thrust at 
sea level (12,000 rpm) 

NATIONAL ADVISORY 
COMMITTEE fDA AEADHAUTlC5. 
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TABLE II 
DUCT-SYSTEN TOTAL-PRESSURE LOSSES FOR TID: liS-SCALE NODEL 

OF TEE FIGHTER AIRPLANE EQ.UIPPED \,lITH 
MACA SUBMERGED AIR INLETS 

Flaps Retracted 

Total Pressure Loss, !::.H/Clo 

I~ -3.76 -2.68 -1.60 -0.49 0.61 1.71 2.80 3.90 6.07 

0.5 0.157 0.168 0.172 0.193 0.209 - - - - - - - -
0.6 .171 .163 .163 .173 .178 .183 - - - - - -
0.8 .179 .178 .178 .188 .194 .188 .189 - - - -

1.0 - - .215 .219 .230 .231 .240 .236 .236 - -

1.2 - - - - .271 .280 .292 .301 .293 .290 .285 

1.4 - - - - - - .377 .372 .372 .370 .374 .393 

1.6 - - - .. - - - - .480 .486 .488 .488 .498 

2.0 - [L - - - - - - - - .754 .752 .760 .744 
, -2.5 - - - - - - - - - - - - 1.?23 1.?03 1.179 

Fla~s Deflected 55° 

II 

9.31 

- -
- -
- -
- -
- -
.374 

.494 

.749 

1.195 

~ -4.60 -2.55 -0·33 1.90 4.10 6.23 8.44 10.65 

2.5 1.161 1.173 1.195 1.236 

3.0 1.663 1.696 1.794 1.878 

3.5 2.049 2.088 2.148 2.290 

4.0 2.660 2.773 2.870 2.973 

ONFIDENT IAL 

1.?57 1.226 

1.857 1.917 

2.358 2.358 

3.074 2.998 

1.195 1.161 

1.857 1.758 

2.300 2.279 

2.915 2.915 

NAT IONAL ADVISORY 
COMMITTEE rOIl AERO.AUTICS. 
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-.49 
~-.. 

.61 
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-2.68 

-1.60 

-.49 

.61 

2.80 

6.07 

23.80 

0.E34 

.519 

.494 

.468 

.463 

.473 

.263 

.273 

.253 

.233 

.244 

.244 

TAlLE III 

PRESSURE DISTRIBOTION OVER THE LIP OF THE NACA SUBMERGED AIR INLET 
ON THE 1/5-SCALE MODEL OF THE FIGHTER AIRPLANE 

velvo = 0.60 

Pressure Coeffioient, P 

Inside Lit 
L •• Outside 

22.30 22.05 21.93 21.83 21.80 21.83 21.93 

0.489 0.692 0.682 0.667 -0.127 -0.494 -0.4.33 

.483 .692 .687 .667 -.198 -.596 -.509 

.453 .682 .677 .662 -.193 -.616 -.539 

.422 .687 .682 :667 -.178 -.646 -.575 

.407 .687 .677 .667 -.188 -.733 -.667 

.392 .092 .687 .677 -.142 -.799 -.789 

velvo .. 0.80 

.182 .076 .197 .750 .354 -.111 -.187 

.197 .091 .223 .770 .30g -.177 -.238 

.167 .051 .187 .744 .304 -.213 -.273 

.137 .010 .152 .719 .304 -.243 -.314 

.112 -.041 .097 .672 .326 -.285 -.372 

.041 -.163 -.076 .458 .4.36 -.265 -.417 

22.05 22.30 22.80 23.30 

-0.473 -0.463 -0.382 -0.371 

-.550 -.545 -.458 -.443 

-.590 -.595 -.514 -.499 

-.636 -.666 -.690 -.676 

-.763 -.799 -.738 -.728 

-.911 -.~67 -.962 -.941 

-.273 -.354 -.339 -.349 

-.329 -.410 -.390 -.3'~ 

-.375 -.466 -.450 -.466 

-.425 -.532 -.526 -.5U 

-.509 -.662 -.662 -.687 

-.600 -.819 -.855 -.886 

NATIONAL AOVISORY 
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24.30 25.30 

-0.-:521 -0.3CO 

·.392 -.361 

-.453 -.4.12 

-.524 -.489 

-.667 -.626 

•• 850 -.814 

-.324 -.319 

-.375 -.365 

-.435 -.426 

•• 616 -.496 

-.656 -.631 

-.840 -.794 

~6.30 

-0.204 

-.254 

-.300 

-.356, 

-.483 

-.646 

, 

-.228 

-.258 

-.304 

-.366 

-.488 

-.636 
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TABLE 111.- Conoluded ~ ,..--______________ ~_ _ _ 0 
~ 

valvo Ie 1.00 ! ~ 

K Inside 

l ct 
22.80 22.S0 22.05 21.93 

- . 
l -1.60 -.061 -.260 -.504 -.4-02 
i 
1 -a49 -.092 -.300 -.554 -.448 
I , 
! .61 -.102 -.346 -.&10 -.508 
! 

I 2.~O -.107 -.361 -.672 -.580 

I 6.07 -.102 -.346 -.8S0 -.794 
! 

9,~1 -.117 -.382 ... 1.108 -1.170 

l -1.60 -.504 -.758 -1.252 -1.266 

I 
-.49 -.519 -.783 -1.293 -1.2~3 J 

i 

i 
{ 

.61 .... 530 -.774 -1.344 -1.344-

i 2.80 -.560 -.799 -1.481 -1.491 

\ 6.07 -.540 -.784 -1.700 -1.761 
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Pressure Coefficient, P 
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TABLE 1V.- Concluded 

[Ve/Vo = 1.00J 

Pressure Ooefficient, P \ 
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NACA RM No. A7I06 Fig. 2 

Figure 2.- The l/5-ecale model of the fighter airplane equipped with 
NACA submerged air inlets i nstalled in the Ames 7- by 10-foot wind­
tunnel No.2. 
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Figure 3.- Schematic view of the wind-tunnel test setup for the l/5-ecale 
model of the fighter a irplane e~uipped with NACA submerged air inlets. 

z 
> 
(') 

> 
~ 

~ 

Z 
o 

> 
~ 

..... 
o 
0--

~ 

OQ 

w 



" 

L 

NACA RM No. A7I06 Fig. 4 

2 

< 
WI 
a: 
<i 

0 

6 

2 

r­
U 8 
:J o 

...J 

;!4 
o 
r-

o 
20 

LIP 

-------
PLANE or 
SURVEY RAKE 

4 .8 

------- DIA 

SIMULATED r AC E 
or COMPRESSOR 

-----+---1---

~ PeE "GCASS _ _ _ _____ ~-=-_=_:+----''------+-----l 
21.8 23.8 384 4 4.2 45.6 

I I 

LTAL IDUCT LEA 
l------' 

b>-t..------
v 

---l------' I- V-EQUIVALENT 

L------ / 

",CONFIDENTIAL 

~ I 
2 4 28 32 36 

MODEL STATION. INCHES 

I I I 

CONE ANGLE 

40 44 

NATIONA.l ADVISORY 
COMMITTH fOIl AERONAUT ICS 

o 
W 
o 

W 
...J 

" Z 
6<{ 

W 
Z 
o 

4 u 
r­z 
w 
...J 

2~ 
::J 

8 
o 

A-1l125 

Figure 4. - Dimensional Characteristics of t he internal-ducting sys tem 
to the stimulated face of the jet-engine compressor for the 1/5-
scale model of the fighter airplane eQuipped with submerged ducts. 

---- - - - -



NACA RM No. A7106 

-8 -4 

CONFIDENTIAL 

2.4 

-.J 

U 2.0 

... 
I­
Z 
W 

u 1.6 
l&... 
l.J.... 
W 
o 
U 

.8 

.4 

o 

FLAPS/DEFLECTED 55
0 

\RETRACTED -----:;;I"" 

4 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

8 12 

ANGLE OF ATTACK, 0, DEG. 

FIGURE 5.-VARIATION OF THE LIFT 

Fig. 5 

COEFFICIENT WITH ANGLE 

THE I IS-SCALE MODEL OF 
or 
THE 

ATTACK FOR 
FIGHTER 

AIRPLANE. RN= 1.41 X 106 

CONFIDENTIAL 



-.J 
U 

.. 

1.6 

f-Z 1.2 
w 
U 
LL 
LL 
W 
o .8 
u 
l­
LL 

...J 

4 

CONFIDENTIAL 

20, 000 FT------

I ~ ~ 
~SEA LEVEL 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

~ 
0 

.4 .8 1.2 1.6 2.0 2.4 2.8 
INLET VELOCITY RATIO, YVo 

FIGURE 6.-VARIATION OF INLET-VELOCITY RATIO WITH 
COEFFICIENT FOR THE FIGHTER AIRPLANE EQUIPPED 

3.2 

LIFT 
WITH 

WESTIN GHO USE 24C JET ENGINE OPERATING AT MILITARY 
POWER. DUCT-ENTR.ANCE AR.EA=I . 494 -~Q. FT. 

CONFIDENTIAL 

. , 

3.6 

A 
RATED 

" 

"1 .... 
OQ 

'" 

z » 
() 

» 
;0 

~ 
z 
o 

» 
-.I 
..... 
o 

'" 



r ~-

· , ~ 

ONFIDENTIAL 

.3 

.2 

.' 

~ 
() 

:> 
~ 
~ 
Z 
o 

:> 
~ 
...... 
o 
0' 

6H o ge 
~e __ ~O 0 

.1 

o 
o 20 

FIGURE 7 ,-VARIATION 
ENTRANCE DYNAMIC 
FIGHTER AI RPLANE 

40 60 80 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

100 120 
DUCT - ENTRANCE DYNAMIC PRESSURE, ge 

OF THE INTERNAL-DUCTING LOSSES WITH DUCT­
PRESSURE FOR THE 1/5-SCALE MODE L OF THE 
EQUIPPED WITH NACA SUBMERGED DUCT ENTRIES. ~ 

CONFIDENTIAL -

'%j .... 
OQ 

--- ----~------. ---



Fig. 8 

DIMENSIONS ARE 
IN INCHES 

ge- 14.2 

CONFIDENTIAL 

~e= 92.4 

NACA RM No. A7106 

O-TOTAL-HEAD 

.-STATIC-HEAD 

4.80 

~e=66.8 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

CONTOURS INDICATE 

VLO CAL/VAVE RAGE 

FIGURE 8.-0[TAILS OF PRESSURE SURVEY RAKE AND 

VELOCITY DISTRIBUTIONS AT THE ENTRANCE TO 

THE JET ENGINE FOR THE 1j5-SCALE MODEL OF 

FIG HTER AIRPLANE. CONFIDENTI AL 

'------



-------~-.-~.-------.-------------

. , . , 'I .' 

z 
--~UPPER RAKE > 

('l 

> 
~ 
~ 

DEFLECTORS ~ ------ ~ z 
ALONG THESE LlP~ --~LOWER RAKE 

0 

CONTOURS ~WING 
> 
-J 
....... 
0 
C1' 

1,2 1.2 

6He I 
6He 

~e T-
.8 

8 ~ 0-LOWER RAKE 

4-
A-UPPER RAKE 

I \ 

V1vo=0.80 
.4 ~ / 0 .4 

a =-1.0 
\ 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

0 ~--L o I ~--l... 

0 SO 100 0 50 100 
DISTANCE ABOVE RAMP FLOOR, PERCENT INLET DEPTH 

OJ NO DEFLECTORS b) DEFLECTORS INSTALLED 
I 

FIGURE g.-COM PARISON OF THE SUBMERGED INLET ENTRANCE LOSSES WITH 

AND WITHOUT DEFLECTORS FOR THE 1/5- SCAL E MODEL OF THE FIGHTER 

AIRPLANE. RN=IAlxI06 "Ij 

I'na.aFIDENTlAL 
.... 

...... 0.0 
..0 

J 



r 
I 

Fig. 10 NACA RM No. A7106 

E( 
w 
> 
0 
u w 
a: 

w 
a: 
:::J 
if) 
(f) 
w 
a: 
0... 

U -
:2 
<{ 
z 
~ 
0 

l-
z 
w 
u 
cr:: 
W 
0... 

90 

80 

70 

60 

SYM. 
0 

SO Ii:. 

El 

40 

CONFIDENTIAL 
NOTE: THESE DATA WERE 

OBTAINED WITH SURVEY 
RAKES IN THE DUCT 
ENTRANCE - FOR COM-
PARATIVE PURPOSES 
ONLY. 

DUCT CONFIG. 
PLAIN DUCT (PD) 
PO + LOWER DEFLECTORS 
PD tUPPER AND 

DEFLECTORS 
LOWER 

NATIONAL AOVISORY 
COMMITTEE FOR AERONAUTICS 

30 ~------~------~------~------~------~-
.4 .6 .8 1.0 1.2 1.4 

I NLE T VELOC I TY RATIO, Vo/\i, 
o 

FIG URE IO.-EFFECT OF DEFLECTORS ON THE 
VARIATION OF THE DYNAMI C - PRESSURE RECOVERY 
WITH INLET - VELOCITY RATIO FOR THE 1/5-
SCALE MODEL OF THE FIGHTER AIRPLANE. 
(X=O", RN= I.4IXI 0 6 

CONFIDENTIAL 

. . 

.. 



• I . , 

LIP 

STA. STA-
21.8 26.8 I UP'R I -t<--1 1 ~-~ 

BASIC 
010 , FUSELAGE 

LOW R CONTOUR 

STA. UP'R LOW'R 

21.80 -- 0.100 
22.05 0.087 .290 
22.30 .147 .330 
22.55 .172 .360 
22.80 .189 .375 
23.30 .203 

t 23.80 .196 
24.30 .179 w 

a.. 
24.80 .152 g 
25.30 .1 16 lfl 

! 

25.80 .090 o~ 
I 

26.30 .035 C\J 

26.80 0 t 
L.E. RAD.=O.IOO 

"I .J 

Cvt1lC.tU~ 

RAMP DEFLECTORS 
STA. STA. 
11.13 21.8 

I 
-r n 

x B 
Et ---- - + U L '\ r Z 

FU~~~G~----- -,--­

CONTO~~ ~ Y -----1 

STA. ORD. 

11.13 1.28 
12.20 1.38 
13.26 1.48 
14.33 1.58 
15040 1.70 
16.47 1.98 
17.53 2.48 
18.60 3.26 
19.67 3.90 
20.73 4.22 
21.80 4.25 

8:4.28 - CHORD OF 34.5
0 

ARC 
OF 7.22RADIUS (FUSELAGE 
CONTOUR AT STA. 21.80) 

STA. X 

23.30 0 
23.05 0.20 
22.80 .36 
22.55 .51 
22.30 .64 
22.05 .74 
21.80 .82 
21.55 .88 
21.30 .92 
21.05 .95 
20.80 .97 
20.55 .97 
~.}O .96 

Y = 1.44X 

STA. X 

20.05 0.94 
19.80 .90 
19.30 .78 
18.80 .66 
18.30 .54 
17.80 .49 
17.30 J 

Iw 
QZ 
<{-
o:::..J 

1 
11 . 13 0 

Z= O. 2IX 
NATIONAL AOVISORY 

COMMITTEE FOR AERONAUTICS 

ALL ORDI NATES AND STATIONS ARE I N INCHES 

FIGURE I I. - LIP, RAMP, AND DEFLECTOR ORDINATES FOR THE FI NAL CONFIGURATION 
OF THE NACA SUBMERGED AIR INLETS INVESTIGATED ON THE 1/5-SCALE 
MODEL OF THE FIGHTER AIRPLANE. :!'"rONFIOENTIAL. 

~ 
() 

> 
::0 
~ 
Z 
o 

> 
-.J 

o 
0' 

"'J .... 
oa 
..... 
..... 



,-
Fig. 12 

2.4 

2.4 
o 

j?:: 
<J 

v) 2.0 
w 
V) 
(f) 

o 
---.l 

w 1.6 
cL 
:::J 
(f) 
tI) 
W 
0::: 
0.. 1.2 

:2 
w 
f­
tI) 

~ .8 

f­
U 
:::J 
o 

.4 

o 
o 

NACA RM No. A7106 

CONFIDENTIAL 

SEA LEVEL----..... 

FLAPS DEFLECTE D 55° 

.4 

SEA LEVE~ r-
'-20000 FTf LAPS RETRACTED 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

.8 1.2 
LIFT COEFTIC IENT, 

FIGURE 12.-VARIATION OF THE DUCT - SYSTEM 
PRESSURE LOSSES WITH LIFT COEFFICIENT 
FOR THE V5-5CALE MODEL OF THE FIGHTER 
AIRPLANE. "MATCHEDI/ FLIGHT CONDITIONS AT 

SEA LEVEL AND 20.000 rT . 
CONFIDENTIA 

" 

. I 



., 

NACA RM No . A7106 

100 

60 
;r 
IT 
w 
> 
0 
U 20 w 
IT 

w 
IT 0 
::J 
(/)-20 
C/) 

w 
a:: 
Q.. 

u 
2-60 
« 
z 
;r 
0 

I-
z-IOO 
w 
u 
a: 
w 
Q.. 

-140 

-180 

.1 

Fig. 13 

CONFIDENT! A L 

SEA LEVEl\ 
20,000 FT. JFLAPS RETRACTED 

20 0 300 400 500 
TRUE AIRSPEED, MPH 

SEA LEVEL - FLAPS DEFLECTED 5So 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

F IGUR E 13. - VARIAT ION OF T H E DYNAMIC PRESSURE 
RECOVERY \NI T H TRUE AI RSPEED ESTIMATED FOR THE 

I'. " F IG HTER AIRPL ANE . MATCHE D FLIGHT CONDIT IONS 
AT SE,A LEVEL AND ?O.OOO FT 

CONFIDENTIA L 



r Fig. 14 NACA RM No. A7106 

CONFIDENTIAL 

SYMBOL X Vo 
CL RN 

0 0.80 0.06 1.4 1 x 10 6. .~ 

b. 1.37 0 .2 0 1.4 1)(10 6 

1°°1 
0 2.00 1. 51 1.22 x 10 6 

0 3.50 1.51 0.71 x 10 6 

I 
>- 60 I a: 
w 
> 
0 
u 
w 20[ [J 

a: 

w 
a: 
:J 0 (f) 
(f) 

W-20 
a: 
0... 

U 
-
2 
«-60 z 
>-
0 

l-
z 
tj-IOO 
a: 
w 
0... 0 

0 

-1400 0 

- -0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

FIGURE 14.-VARIATION OF THE DYNAMI C - PRESSURE 

RECOVERY WI TH ANGLE OF YA.W FOR THE 1/5-

SCALE MOD EL OF THE FIGHTER AIRPLANE. 
CONFIDENTIAL 



• I .. ... .. 

CONFIDENTIAl:!" 

SYMBOL ex 
0 _1.00 

t:. 0.6
0 

0 2.8
0 

0... - .6 
DUCT LIP 

\ 1-"' 
AND z 

w WING LEADING-EDGE 
u 
l.L -.4 LL 
w 
0 \\ I~ RAMP u 

w 
a: - .2 :=) 
(j) 
(j) 
w 
a:: ~~ ~-/ V NATIONAL AOVISORY 
0.... COMMITTEE FOR AERONAUTICS 

0 
0 4 8 12 16 20 24 

DISTANCE FROM COWL LEADING EDGE, INCHES 

FIGURE 15.-PRESSURE DISTRIBUTION OF THE BASIC FUSELAGE CONTOUR 
ALONG THE Cl OF THE NACA SUBMERGED DUCT ENTRY. V5-SCALE 
MODEL OF THE FIGHTER AI RPL AN E. RN= IAlXI06 

CONFIDENTIAC 

~ 
() 

> 
::0 
~ 
z 
0 

> 
-.J 
...... 
0 
0' 

'"Ij .... 
OQ 

IJl 



Fig. 16 

1.0 

a: 
U 

L .. .8 
a: 
w 
m 
2 
:J 
z .6 
I 
U « 
2 

~ .4 « 
u 
I-
a:: 
u 

.2 

o 
.4 

NACA RM No. A7106 

CONFIDENTIAL 

II 
" \'r- 0=-2 

\~ o· 
\\~\ 2" \ \ 

'~~\ 4" 
60 

\\\\.\ 
~\.'\ 

" "" '\ "-" ,"'" "''-" 
''0~ 
~~ 
~~ 

"-... 

-- - - INSI DE OF LIP 
OUTSIDE OF LIP 

NATIONAL AOVISORY 
COMMITTEE FOR AERONAUTICS 

.6 .8 1.0 1.2 1.4 

INLET VELOCITY RATIO,Yvo 

FIGURE 16.-EFFTCT or ANGLE OF ATTACK ON THE VARI­
ATION OF THE LI P ESTIMATED CRITICAL MACH 
NUMBER WITH INLET-VELOCITY RATIO FOR THE 1/5-

SCALE MODEL OF THE FIGHTER AI RP'LANE. 
CONFIDENTIAl! 

. . 

~ 

-, 



[-

r 

;-

N A C A RM No . A 7 106 Fig. 17 

CONFIDENTIAL 

a: 
u 

2 
... 

00:: 

~~ 1.0 
"'2 
o::~ 

MCR W z (l) 

~ SEA LEVEL 
~I 20000 FT . Z U . 8 « / IL 
U / ./" 
«...J 
~« / / 

U .6 / / I- -
:r~ /~ Mo \90:: /~ / SEA LEVEL -.Ju 
L...... .,/ .,/ 2 0000 FT. 

I-
4 /i'/ 

U 
~ 200 300 400 500 600 0 

TRUE AIRS PE ED" MPH 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

FIG URE 17 .-VARIATIOl'J OF TH E SUBMERGED-DUCT -ENTRY 
ESTIMATED CRITICAL MACH NUMBER WITH TRUE 
AI RS PEED FOR THE FIGHTER AIRPLANL "MATCHED" 

FLIGHT CO~IDI TIONS AT S [ A L EVEL AN D 20,000 FT. 
CONFIDENTIAL 


