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NATTONAL ATIVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AN INVESTIGATION OF SUBMERGED ATR INLETS ON A 1/4-SCALE
MOIEL OF A TYPICAL FIGHTER~TYFE ATRFLANE .

By Nosl K. Delany

SUMMARY

Wind—tunnel tests were made of submerged alr inlets on the
fuselage of a 1/4—scale model of a typlcal Fighter—type aslrplane,
The results are presented for ramp plan forms with parallel and
with diverging walls and show the effect of the duct—entrance
location (forward of the wing and over the w:Lng), internal ducting
efficiency, and dsflectors,

The alr Inlets having the ramps with diverging walls were satis—
factory in both locations tested on the fuselage, providing high ram
pressure recoveries at the simulated entrance to the compressor, high
predicted critical Mach numbers, and low external drags. The submerged
alr Inlets with parallel ramp walls had lower ram pressure recoveriles
for the normasl operating renge. The ram pressure recovery ratios
measured at the inlets were higher for the forward location of the
inlets than for the aft location, For an assumed engine position,
however, the aft location of the Inlets with ths shorter, more
efficient Internal ducts gave the higher ram recoveries at the
gimulated compressor for the test conditions.

INTRODUCTION

The early development of NACA submerged air inlets was conducted
wlth the submsrged inlets installed 1n the flat wall of a wind
tunnel (references 1 and 2). The results of these tests indicated
that it should bé Ffeasible to design an efficient air—induction
system with twin submerged inlets installed on the sldes of the
fuselage. Placlng the submerged Inlets on the sldes of the fuselage
ahead of the Jet engine results in a short, stralght intermsl
ducting system (references 3 and 4). As the submerged inlets will
not protrude outside of the baslic fuselage contour they should tend

g
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to eliminate, by Inertia separation, foreign material (shell cases,
rocks, hail, etc.) from the air inducted into the motor.

The results of reference 3 indicate that the relative location
of the wing and the submerged inlets might be critical for inlet
performetice, The purpose of the tests presented Iin this report was
to investigate the effect of the location of the duct inlets on
their characteristics. Two locations were tested, one forward of
the wing where the fuselage boundary layer was thin, and the other
farther aft on the fuselage and over the point of maximum thickness
of the wing, The model wasg congtructed so that, In later tests,
the effect of a tractor propeller on the ram recovery could be
determined. ' ' T ' '

The test results presented I1i thils report were obtalned in the
Ames T— by 10—Ffoot wind tummel No. 2 at the reguest of the Bureau
of Aercnautics, Navy Department.
SYMBOLS

The symbola used throughout thils report are as follows:

A aresa, gquars feet

B depth of the ramp at the lip, 1nches

D drag, pounds N - -.

H total pressure, pounds per square foot

M .Mach number

P static pressure, pounds per square foot
dynemic pressure, pounds per square foot

R radius of duct, feet |

r radius to a point, feet

S - wlng area, square feet

v stream vélocity, feét per second

v local veloclty, feet.psr second
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By Noel K. Delany

SUMMARY

Wind—tunnel tests were made of submerged elr Inlets on the
fuselage of a 1/’-!——sca.le model of a typical fighter—type airplane,
The resulis are presented for ramp plan forms with parasllsl and
with diverging walls and show the effect of the duct—entrance
location (forward of the wing and over the wing), internmal ducting
efficiency, and deflectors,

The alr inlets having the ramps with diverging walls were satis—
factory in both locations tested on the fuselage, providing high ram
pressure recoverles at the simulated entrance Lo the compressor, high
predicted critlcal Mach numbers, and low external drags. The submerged
ailr inlets with parallel ramp walls had lower ram pressure recoveries
for the normal operating renge. The ram pressure recovery ratios
measured at the Iinlets were higher for the forward locgtlon of the
Inlets then for the aft location. For an assumed engine position,
however, the aft locatlion of the Inlets with the shorter, more
efficient internal ducts gave the higher ram recoveries at the
gimulated compressor for the test conditions,

IRNTRODUCTION

The early development of NACA submerged alr Inlets was conducted
with the submerged lnlets installed in the flat wall of a wind
tummel (references 1 and 2). The results of these tests Indicated
that it should be feaslble to design an efficlent alr—induction
gystem with twin submerged Inlets Installed on the slides of the
fuselage. Placing the submerged inlets on the sides of the fuselage
ghead of the Jet engine results In a short, stralght intermal
ducting system (refersnces 3 and 4). As the submerged inlets will
not protrude outside of the basic Tuselage contour they should tend
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to eliminate, by inertia separation, foreign material (shell cases,
rocks, hail, etc.) from the air inducted into the motor.:

The results of reference 3 .Indicate that the relative location
of the wing and the submerged inlets might be critical for Inlet
performance, The purpose of the tests pressnted in this report was
to invegtigate the effect of the location of the duct inlets on
thelr characteristics. Two locatlions were tested, one forward of
the wing where the fuselage boundary layer was thin, and the other
farther aft on the fuselage and over the point of maximum thickness
of the wing. The model was constructed so that, In later tests,
the effect of a tractor propeller on the ram recovery could-be
determined. '

The test reeults presented in this report were obtalned in the
Ames T— by 10—foot wind tunnel No. 2 at the request of the Bureau
of Aeronautics, Navy Depariment. '
SYMBOIS

The symbols used throughout this report are as follows:

A ares, square feet

B depth of the ramp at the lip, Inches

D drag, pounds

H total pressure, pourids per sguare foot
M Mach number

hol sgtatlic pressure, pounds per squafe'f?ot.
q dynamic pressure, pounds per square Foot
R radius of duct, feet

r radius to a point, feet

S wing area, square feet

v stream velocity, feet per second

v- local velocity, feet per second

N ‘ tmi: 2.
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h ' the height of an area of unit width In which the
complete loss of free<~stream ram pressure is
equivalent to the Integrated loss of the total
Pressure in unit widtk of the boundary layer

LG e]

P pressure coefficlent (P_P°>
. Q0
: -H
p internal ducting efficiency[ 1l - By 2) }
1—P1

DESCRIPTICN OF MODEL

This investigation of twin NACA submerged air Inlets was
conducted with a 1/4—scale model of a typical high—speed, turbo—
propeller driven, fighter-type airplane. In this series of tests
the propeller was not used. The pertinent model dlmensions and a
three—view drawing of the airplane are presented in Appendix A and
figure 1, respectively. A photograph of the model mounted in +the

wind tunnel is shown in figure 2.

The submerged alr inletes Investigated were deslgned from the
results of reference 2 which Indicated that an entrance aspect
ratio of 4 and a ramp heving an angle of 7° with respect to the
fuselage surface and curved dlverging walls should produce optimum
characteristica, The ramps were submerged in the fuselage soc that
the ordinates of the ramp below the basic fuselage contour (fig, 3)
were equal to those for & T7° ramp below a plene surface, The ramp
plan forms tested are glven In figure 3 and correspond to those of
reference 2, The lips of the duct inlets tested (fig. 4) were the
gsame gg the untllted 1llp of reference 2 but with the mean caumber
line tilted in 3°., Flush static—pressure orifices were Installed
on the c¢enter line of the ramps and lips of the alr intakes,

Two Inlet positions, on the sides of the fuselage, were tested.
For both positions the horlzontel center plane of the inlets was
in the horizontel fuselage reference plane (figs. 1 and 3) which
was T.l percent of the root chord of the wing above the wing upper
surface at the point-of maximum thlickness of the wing at the root,
For the forward position of the iInlets, the leading edge of the 1ip
wes 19.3 percent of the root chord of the wing shead of the wing
leading edge, and for the aft position of the inlets the leading
edges of the lips were above the point of maximum thickness of the

I
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wing-root section (35.6 percent chord),

One location of the Jet motor was assumed for the alrplane,
This location allowed a short internal ducting system for the aft
locatlion of the inlets and a longer intermal ducting system for the
forward location. These two Internal ducte are shown assembled for
prelimingary bench tests in figure 5, The long intermal duct
consisted of the short internal duct with a 1k,.25—inch, consbant—
area section added to extend it forwerd. To provide a more complets
comparison of the duct entrances, the forward Inlets were also tested
with the short Intermal ductling system, The area ratio between the
pimilated face of the turbo—jet compressor and the submergsd Inlets
was 1,336 for both the short and long Intermal ducts.

Deflectors (reference 2) were investigated on only the Inlets
with divergent remp wells. Coordinates and photographs of the
doflectors installed on the model are shown in figures 6 and T,
regpectively., The normal deflectors were tested at both the forward
and aft locatiomsof the inlets while various modifications were
Invegtigated for the forward location of the Inlets,

TEST METHODS AND REDUCTION OF DATA

The quantity of alr flow through the submsrged alr inlets of
the modsl was varied and controlled by a centrifugal pump located
outglde of the wind tunnel. The pump was comnected to the duct
systen by a pipe attached to the rear of the model. The length of
the pipe (fig. 2) attached to the model and passing through the
wind—tunnel floor was flexlible to allow the angle of attack of the
model to be changed. A standard sharp-edged ASME orifice meter was
used to measure the quantity of air drawn through the submerged air
inlets. .In determining the Inlet veloclty ratlo from the measured
quentity of flow, the free—stream alr density was used, This intro—
duced & meximum error of 2.0 percent in the inlet velocity ratio.

Ram pressure recovery, at the duct inlets and at the simmlated
entrance to the compressor, was measured by rakes of pressure tubes.
Thore were 36 total-pressure and 5 sbtatic—pressure tubes in each
inlet and 40 total-pressure and 4 static—pressure tubes at the
slmilated entrance to the campressor, In computling the mean ram
recovery ratic at the inlets Hl—po/Ho—po the reading of each
tube was welghted (reference 2) in accordance with the variation
of the mass flow acrogs the duct inlets., As the variations in the
velocity weresmall at the simulated entrance to the campressor, an

. - .
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arithmetical mean of the tube readings was used to determine the rem
recovery ratic  Hz-po/Ho—po at this position.

The external drag of the submerged Inlets was deotermlned for
only the forward location of the inlets. Two methods were used to
determine the drag: (1) force measurements on the complete model,
and {2) measurements of the momentum of the alr Just behind the
inlet location, The force—test drag was measured wlth the flexible
pipe "(fig. 2) at the aft of the fuselage removed (fig. 8) while air
was allowed to bleed through the internal ducting system. The inlet
velocity ratio .V1/V, weas changed by varying the ocutlet area As
of the duct for the force—test drag measurements.

The drag attributed to the submerged inlets was taken as the
difference in the drag, measured by the wind—tunnel balances, with
the duct entrances installied and removed lese the intermal drag.
The Internal drag was calculated from the loss of momentum per unit
time of the alr flowing through the internal ducting, The intermnal
drag coefflcient was computed,wlth the following equation:

oommorm = 527 [2 - ()2 + 52

The value of the constant n was found to be O.4h4 x (A;/As) from
surveys made at the duct exit, The derivation of this equation is
presented in Appendix B.

In the determingtion of the extermal dreg of the submsrged
entrances by the momentum method, pressure rakes were mounted on
the fuselage 3 inches behlnd the duct lipe. The datse obtalned from
the rekes were reduced to drag-coefficient form in a mepner simllar
to that described in Appendix B of reference 2, The drag forces so
computed are equal to the change in moamentum per unit time at the
rake location due to the submerged inlets and do not Include the ram
drag or the effect of the Inlets on the flow over the rear portion
of the fuselage. - L

Pressure-distribution tests were made along the center lines
of the remps and the lips. The critical Mach numbers M., of the
component parts of the duct entrances (ramps, inside and outside
of the lips were estimated from these pressure distributions by the
use of the RArmanh—Tsien method (reference 5). The pressures on the
deflectors were not measured.
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RESULTS AND DISCUSSION

It was realized from previous tests (references 1 to 4) that
a thick boundary layer on the fuselage has a detrimental effect on
the ram recovery in submerged Inlets and that the Interference and
pressure fleld of the wing might also be adverse. To determine these
effécts two: locatlons of the inlets were tested, the forward loce—
tion where the duct Iinlets were forward of the wing (fig. 7), and
the aft location where the duct inlets were above the point of
maximum thickness of the wing (fig. 7).

Figure 9 ghows the boundary—layer thickness and the pressure
distribution for the two locations measured on the basic fuselage
along the fuselage reference plane. The boundary—layer thickness
denoted by the paremeter h/B (reference 2) was approximately
1.33 times greater for the aft than for the forward location of the
submergerl gntrances. The efficlencies of the ducting systems
evaluated during the bench tests of the long intermal ducting and
the short internal ducting are shown in figure 10. The efficiency
of the short internal ducting was 19 percent higher than that of the
long intermal ducting. .

It was assumed that the airplene represented was powered by
a typical gas turbine deliverling approximetely 3300 shaft horsepower
for take—off. The submerged inlets were designed so that the Iinlet
velocity ratio with this gas turbine would be 0.60 at 550 miles per
hour and 1.00 in a climb at 350 miles psr hour.

Ram Recovery Ratio

The mean ram recovery ratics at the duct inlets and at the
simulated entrance to the compressor are presented In figures 11 to
17 as a function of the model angle of attack and the Inlet velocity
ratio, .. -

The ram recovery ratio at the inlets is shown in figures 11 and
12 for the forward and aft locations of the submerged entrances,
regpectively. The effect of angle of attack on the ram recovery in
the normal operation range (V1/Vo = 0.6 to 1.0} was small, With
deflectors on the diverging remp walls, the ram rewovery decreased
approximately 0.001 per degree angle of attack and for parallel
and diverging ramp walls without deflectors about 0,005 per degree,
Figure 13 (obtalned from the data of figs. 11 and 12) summarizes
the effect of the location of the duct inlets on the entrance rem
recovery at o° angle of atbtack. The following table compares

enpus———r .
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thege data for an iInlet velocity ratio of 0.T:

Forward locatlion Aft locatlon
HJ._PO HJ._'PQ
Inlet Inlet
HEs—Po Bo—Po
Parallel walls 0.890 Parallel walls 0.820
Divergent walls 970 Divergent walls .935
Divergent walls Divergent walls
with normal with normal
deflectors ex— deflectors U0
tended forward .960

The differences in the ram recovery between the forward and aft
locations of the submerged alr inlets were not great. It is
believed that the difference 1in the ram recovery ratios for the two
locatione was due, primarily, to the difference in the fuselage
boundary—-layer thickness (fig. 7). It should be noted that identical
deflectors were not used in the comparison. Preliminary test data
indiceted that the forward extension of the desflectors for the front
location of the Inlets Improved the ram recovery for Inlet wvelocity
ratios less than 0,7 and produced no effect for hlgher values., Modil-—
fication of the deflectors for the aft inlets effected no improvement
In the characteristics over those for normal deflectors.

The ram recovery at the simulated face of the compressor is
presented in figures 14 to 16 for the forward (long and short
internal ducting) and the aft (short internal ducting) locations
of the submerged entrances. The effect of angle of attack on the
ram recovery ratio at the simulated face of the compressor was
similar to thet at the entrances. Flgure 17 summarlzes the data of
figures 14 to 16 and shows the effect of the entrance location and of
the efficlency 1np of the Internmal ducting at 0° angle of attack.
The following table compares these data for an inlet—~velocity ratio
of 0,7:
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Forward location Aft locabtlon
Hopo Hz—p,
HE o, Ho—%o
Inlet Short Long Inlet Short
internal |intermal i internal
ducting | ducting ducting
Parallel walls 0.780 0.740 || Parallel walils 0.670
Divergent walls .885 .820|| Divergent walls 860
Divergent walls Divergent walls
with normsl wilth normal
delfectors deflectors .865
extonded
forwvard .900 8lo

The effect of location of the inlets 1s shown by comparing the data
in the above table for the forward and aft locations of the submerged
alr inlets with the short intermal ducting. The difference in ram
recovery ratlo at the simulated entrance to the compressor due to
the location of the inlets was of the same order of magnitude as

was measured at the inlets, the forward location having the hilgher
recoveries. However, figure 17 shows that for the divergent—walled
entrances wilth deflectorg a larger ram recovery was obbtalined for

the aft than for the forward locatlon of the inlets, with inlet
velocity ratios 1n excess of 0.9. This difference may be accounted
for by a small change in the efficlency np of the internal ducting.

The effect of the internal ducting efficiency 1np (fig. 10)
may be shown by comparing the date in the preceding table and
flgure 17 for the forward location of the inlets with the short
and long internal ducting. There was only a small difference Iin
the recoveries for Inlet veloclty ratios below 0.5, but the ram
recovery ratlo progressively decreased above thls value for the
longer intermal ducting. For an 1nlet velocity ratio of 1.0 the
recoveries at the compressor were reduced 15 to 18 percent below
those for the shorter Intermal ducting.

For inlet velocity ratios greater then 0.65 and 0.83, with
divergent and parallel walls, respectlvely, the ram recoveries at
the simulated entrance to the compressor were higher for the aft
location of the lnlets wlth the short internel ducting than for

» . -
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the forward location with the long Intermal ducting. Consequently,

if the location of the compressor 1s such that long Internal ducting

must be used for the forward inleis, it might be advaentagsoua to use ,
the aft locatlion of the inlets with the shorter, more efficient,

internal ducting system. Nome of the combinations of the parallel-—

walled enitriles and the internal ducting systems glve as high a ram
recovery at the simulated entrance to the compressor, for high—speed

flight, as the poorest combination of the divergeni—walled entries

and the internal ducting systems investligated.

Flow Studies

When the entrance ram recovery was measured In the inlets with
the diverging ramp walls, two symmetrically located regions of low—
veloclty air were noted as shown in the sketch.

- _.,Reglong af
L low velocity

In an attempt to-clarify this phenomenon, viesual tuft tests and total—
Pressure measurements wore made. These oheervations Indicated that
the air flowlng along the ramp followed the dlvergent walls, while the
alr flow along the fuselage was approximately parallel to the free
gtream. Consequently, at the top of the ramp walls there wae a
discontlnuilty in the directlon of air flow. This discontinuilty
apparently resulted In a rotational flow as shown below.

Resultant rotational
flow

Flow direction
over fuselage

. Flow direction near
" ramp wells A

A-A

From the foregoing dlscussion 1t may be conjectured that a part
of the fuselage boundary layer developed ahesd of the Ilnlets was
entrained in the region of rotational flow. Part of the alr in the
rotational flow passed over the ocutslde of the entrance lips and the
remainder entered the ducts, the proportions dependlng on the operating -

e s e e T
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conditions of the inlets. For higher Inlet velocity ratios the
gtrength of the rotational flow snd the proportion that flowed into
the entrances increased. This hypothesis appears to explain,
qualitatively, the origin of & large portion of the entrance losses
encountered with the submerged inlets with divergent ramp walls.
For the parallel—wslled ramps thls rotational flow was less evident,
and the major portion of the boundary layer developed ahead of the
inlets flowed into the ducts.

Drag

The external drag coefficlents of the HACA submerged inlets as
determined from measurements of the change In momentum Immedlately
behind the duct entrances are presented in figure 18. The drag
was determined for only the forward location of the duct entrances
as the close proximity of the wing maeds it impossible to Install
the momentum rakes behind the aft duct entrances. The drag of the
entrances with parallel or dlvergent walle, as Indicated by the
momentum method, was approximately zero (less then Cpp = 0.0001
based on wing area) for an inlet velocity ratio of 0.7 and 0° angle
of atbtack, For the same conditlon, the deflectors Increased the
drag coefficlent by approximately 0.0007 based on the wing ares.
The Increase In the draeg due to the deflectors appesred to offsmet
the gain in performence due to increased rem recovery (1 percent
during high—speed flight) that may be obtained by their use.

The evaluation of the drag Increments due to the submerged
inlets, by the momentum-—survey method, was difficult and +time
consumlng when, as ir thils test, the surveys were made in a region
of three—dlmensional flow. In an attempt to verify rapidly the
megnitudes of the drag of the submerged Inlets medsured by the
momentum method, data were obtained using the wind—twnel balance.
These dats are shown in flgure 19. The differences iIn drag, as
measured by the wind—tunnel balance, between the various inlets at
a gliven inlet veloclity ratio are considered accurate. However, +the
absolute values of the drag due to the inlets, as indicated by the
wind—tunnel balence measurements, should be consldsred only quali-—
tative because of the change iIn the pregsure drag of the fuselage
wlith changing exit conditions.

The two methods show falr agresment in the value of Vi/Vo
for whick the drag Increment was zero for the entrances with .,
divergent walls without deflectors and for those with parallel
walls (fig. 19). With other iInlet velocity ratios the drag incre—
ments (both positive and negative) determined from the wind—btunnel

B - %
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balance measurements were larger than those from the momentum surveys.
In the cases where the momentum surveys indicated small negative drags,
the wind—tunnel balance showed larger negatlive drags. This difference -
in drag can be explained 1n part by the fact that for tle higher

inlet velocity ratios the flow on the rearward portion of the fuselage
was -‘Amproved with a comnsequent reductlion In the over-ell fuselage

drag in excess of that measured lmmediately behind the submerged
inlets. Conversely, the flow over the rearward part of the fuselage
deteriorated with the lower inlet velocity ratios. The same reason—
ing can also explain why a greater drag lncrement was measured with
the wlnd—tunnel balance than by the mamentum method for the normal
deflectors extended forward. (For an o of 0° and a V3/V, of

0.7, the drag—ecefficient increment with the normsl deflectors
extended Forward was 0.0015 as determined from the force tests and
0.0007 as determined from the momentum surveys.)

The incremesnts in drag caused by the deflectors (as measured
by the wind—tunnel balance) are presented in figure 20. These data
show that conslderable reductlion in the drag of the deflectors may
be obtained by altering the aft portions of the deflectors designed
from reference 3. It 1s believed that separation was occurring on
the aft portion of the normal deflectors. To relieve the meparation,
the aft portions of the deflectors were extended (figs. 6 and 7).
Ié?hina exte;nsion red.uced the deflector drag as much as 40 percent
fig. 20

. Predicted Critical Mach Number

The pressure dlstribution for the forward locablon of the inlets
with the diverging walls is presented in fligure 21, The minlmum
pressure on the ramp occurred aspproximately 30 percent of the ramp
length from 1ts forwerd end, and thils location did not vary with —
angle of attack from —4° to 4° or with inlet velocity ratio., The
pregssure distributlion over the forward 35 percen‘b of the ramp did
not change with inlet veloclity ratio.

The predicted critical Mach numbers for the ramps and lips
are presented in figures 22 and 23. These values of the predicted
critical Mach number were camputed by the KArmin—Tsien method
(reference 5) fram the measured low—epeed pressure dletribution,
This method 1s based on the assumption that the flow over the ramps
and lips 1s two—dimenslional, which is not strictly correct, as the
duct inlets were tested on a three—dlmensional body. It is belleved,
however, that the results are conserva.tive. (See reference 6.)

_—_——
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The data of figures 22 and 23 show that for identical entrance
configurations, the predlcted critical Mach numbers were higher for
the forward location of the inlets then for the aft locatlon at an
angle of attack of 0° for inlet velocity ratios from 0.6 to 0.8,
This difference was possibly due to the pressure field of the wing,
which reduced the pressure on the basic fuselags (fig. 21) in the
vicinity of the aft inlets, The effect of increasing the angle of
attack was to decrease the predicted critical Mach number, This
effect was more pronounced for the aft locatlon where the submerged
entrances were in the pressure fleld of the wing.

In both the forward and the aft locations, the entrances with
divergent walls had higher predicted critical Mach numbers than the
entrances with parallel wells. The lips of the parallel-swalled
entrances were the limiting component of that type of iInlet for the
high-speed flight condition (a = 0°, V1/Vo = 0.6 to 0.7). 1In the
high-speed flight conditlon the entrances with diverging ramp walls
had predicted critical Mach numbers on the remps and the Insldes of
the lips equal to or greater than the plain wing (Mgr = 0.76).

CORCLUSIONS

The following conclusions are drawn from the results of tests
of several submerged inlets in two locations on a 1/k-scale model
of a typical fighter airplane:

l, In both locations on the fuselage, the submerged lnlets
with the ramps having divergent walls provided a high ram recovery-
at the simulated entrance to the compressor, high predicted critical
Mach numbers, and low external drag.

2. The submerged inlets with ramps having parallel walls were
less satisfactory then the submerged inlets with ramps having
diverging walls.

3. The ram recovery at the duct entrances, for the inlets
tosted, was higher with the inlets in the forward than in the aft
position,

4, The rem recoveries were higher at the simulated entrance
to the compressor, with some Inlet velocity ratlos, for the aft
location of the inlets with the short intermal ducting than for
the forward location with the longer intermnal ducting.

_ )
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5. The drag of the fuselage with submerged duct inlets operat—
ing with inlet veloclty ratios greater them 0,70 was less than the
drag of the baslc fuselage; however, with inlet velocity ratics
below 0.70 there was an a.ppreciable Increase In the drag attributabls
to the Inlets,

6. The external drag of the deflectars more than offset the
improved ram recovery they provided on this mod.el

7. For the high—speed flight cond.ition, 'bhe predicted critical
Mach number of the inietswas higher for the forward loca.’cion then
the aft location.

Ames Aeromautilcal Laboratory,
National Advisory Cammittee for Aeromautics,
Moffett Fileld, Calif,
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APPENDIX A
PERTINENT DIMERSIONS OF THE 1/4—SCALE MODEL
OF A TYPICAL FIGHTER-TYPE ATRPILANE
Model

WINZ BYOB + v « o « o o o « o 6 « o « o o« o« o o o ¢ 1,519 5q £%
ASpeCt TAtI0 4 ¢ o o o o o o o 6 & s e o 8 s o s e s o s L.98
Wing span ......................-.8.50ft
Wing s6Ction o o o v o o o o o o s o s s s « o s o o s o o 6374110
-Roob ChHOrd . & 24 2 ¢ o o « o s ¢ o s o ¢ o e o o'e o ¢« o 2.30FF
Tip chOrd . o & ¢ o o o o o o o ¢ o o a s o o o s s« o o o LlJd5TE
Wing Incldence « « « o o « o o o o o s o s o s o o o o s o0 o 0°

Subnerged Inlets
ROMD BNELO o o o« o o o o =« o o « s ¢ s o s « o s o o « v o oo T°
ASpect Tatio OF N1t & 4 4 4 e 4 4 o 4 o s e s e e e oo ea k

Total cross—secitional area of both inlets
measured 11 inches behind 1lip leading edges . . . . 0.0718 sq £t

Depth of the remps at the 1lip leading edges . . « « « « 1.720 in.

Distance of duct—lip leading edges
from wing leading edge

Forward location « « « ¢ o« « « « 19.3 percent root chord ashead
APt location « « « o« « ¢ ¢« « « 35.6 percent root chord behind

Distance of inlet center lines above
the wing at the fuselage Juncture . . . . T.l percent root chord

prx 07 by mat ity gL
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Length of the Intermal duct from lip leading edge
to the simulated entrance of the compressor

Short internsl ducting .« « o « « o o = o ¢ o « o « 15.25 in,
Long intermal ducting e s o o e 8 o e s e a o e 29,5 in,

A
A‘r‘ea ra-tio <A._12_ g e e e« & =& s & ° 8 O ._g « e« ¢ s ® o o 1-336

APPENDIX B
Determination of Imternal Drag

For the determination of the external drag of the twin submerged
duct inlets the drag of the internal ducting had to be determinmed,
The internal drag was computed from the inlet velocity ratlo VJ_/‘V'O,
wing area S, duct inlet area A;, end the duct exlt area Ag.

The internal drag was taken as the free-—stream ram drag minus
the momentum of the alr per unit time exliing from the tall pilpe’
(reference 2).,

Ry
V.V,
c =%J.-_A=_Q._L\/ﬁ o1 2 gy Bl
Dinternal .8  18Up Tavs™ &rs (31)

The first term of equation (1) is readily evaluated. For the second
torm, surveys were made at the exlit across one diameter to dstermine
the varlation of the velocity vs across the outlet, The velocity
distribution was assumed equal on all dlameters. The experlmental
velocity profiles were plotted and matched by a mathematical curve

- e

where n was found to be equal to O.4h A;/As, where A;/As is
the ratio of entrance area to exit area, Using this value of n,

the mathematical curve showed good agreement with the experimental
points. If the flow had been laminar, the valus of n would have

been oms.
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The averages veloclty across the exlt is

Substituting the value of vz from equation (B2) and integra.'bing
equation (B3)

. _
Smax
8 = (1) (Bk)

From the continuity equation for an Incompressible £luid
Vid; = Velg. Substituting this in equation (BhE)

Vomax = V1 (ﬁ—;—) (14n) (B5)

Substituting the value of Vamax from equation (B5) in equation

(52)
ve =7y (2) () [1-(5) } (26)

Substituting -the value of v5 from equation (BS) in equation (BL)
and integrating

s =3 () (@G- 2)] e

The Internal drag may now be computed from the inlet veloclty ratilo
VlfV'o, wing area S, duct Inlet area A,, and the exit erea Agj,






NACA RM No. A8A20

FWOD. INLET AFT NLET
LOCAT 10N LOCAT/ION
FUS.STA /M40 FUS.STA. I710

|
P

19

FIGURE |-

f————— /60 —————=

g S—

=7

\

S

D25 CHORD LINE

s

557

/10

L
A THREE- VIEW DRAWING OF THE AIRPLANE






g HACA
j A-10095

Flgure 2,— The 1/4-ncale model of a fighter airplane mma in the
T— by 10-£00t wind tumnel.
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FUSELRGE CONTOUR \——-
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FIGURE 4. - COORDINATES OF THE LIPS FOR THE SUBMERGED
AIR INLETS.
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(b) Long intermal ducting system.

Pigure 5.— Bench—teat Installation of the Intermal ducting.
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(a) APt inlet with parallel _
ramp walls, amp walls,

(c) APt inlet with diverging (d) Forward inlet with parallel
ramp walls and normal ramp walls. -
deflect_ors.

(e) Forward inlet with diver— (£) Forward inlet with diver—
ging ramp walls. _ . ging ramp walls and normal
deflactors extended forward.

(g) Forward inlet with diver— ) (h) Forwara inlet with diver—
ging ramp wells and beaver— ging ramp wells and dsflectors
tail deflectors. G cxionded aft.

A-12300

Figure 7.— Plctures of the various submerged sir inlets.
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Figure 8.~ s l/h»-aca.le model of the Fighter—type alrplane ingtalled in the
7= by 10-foot wind tumnel for forcs~test drag meesurements,

OZVEY ‘ON Wi VOVK

Tt



&y



Y :
Ly
Q Q‘Q 7 2
\, L.
N 5
YR S — T :
N ;
% 9\ & o - o
BRE
Q = [~ T = [~
}‘: N /“ =]
N )
AN > R
N @l a1
luLLh Q y - - tg f\i e g B,
gf o S - A
F WD LOCRTION- LiIP - WING LEADING EDGE
E‘f 8 LEGDING EOGE AFT LOCATION=—LIF
N : LEADING EDGE
q =
f——"1 T rr—
% 9] 4 T sl . ? o e _‘3‘
L) ]
43 G ol !
I
‘AN _ —— 1 _
E\’ o £ 8 /2 /6 20 24 28 32 36 40 4 48
FUSELAGE STRTION | INCHES ‘W

FIGURE 9.— BOUNDARY-LAYER THICKNESS AND PRESSURE DISTRIBUTION ON THE BASIC FUSELAGE
MEASURED ON THE GENTER LINE OF THE SUBMERGED AIR INLETS. &, 0.3°.

£e



Yy /s

—~
-~

INTERNAL DUETING EFFICIEN

10 f —1 T
W
o Q ©
8 : \—- SHORT INTERNAL DUCTING
— A A 3 A =
A \
e N
AN
—LONG INTERNAL DOUCTING
4
2
q ~Hch-
o) ' |
o 20 €0 €0 &80 700 120 /90 séo
DYNAMIC PRESSURE AT ENTRANCE , LB. FPER SQ.FT.
PR

FIGURE 10.~ BENCH-TEST EFRICIENGY OF THE INTERNAL DUCTING SYSTEMS.

HE

OZVBY “oN WI VOVN




NACA RM No, A8A20 ‘ 35

/-CT Oy
= = ] ”
L TS o T
/] AT e \h Fode g P
7 % — ~[] A
4 ~ [\ s 1
.2 q 2
| ]
Llo L o)
< -2 0 2 % & &8 -4+ -2 0 2 <+ & &

(e} PARALLEL WALLS

[ = ;
—s'* f——
N = [T
5 =1 8
<3 L —J
- 4+ &
N
a(: 2 2
o o . o'
% - =2 (] 2 < & 8 - -2 (o] 2 < 6 =)
a symaae ¥y, 16) D 7 WA synBo. A
X o 9 - g k4
A 2 Iy ]
o ’ = rto
v < v £2
g o £ S 26
I A P ==
Y B . 8
=
& 6
E 4 —
x s SIPC I
2 e 2 A
5 = N ] T
Q ] ’ o I I i
-, 2 (@) =4 4 I3 -4 2 a 2 4+ [ 8

8
AMGLE OF AT TACK , o , DEG
fc) DNERGENT WALLS WITH NORMAL DEFLECTORS EXTENDED FORWARD

¢
FIGURE II. — VARIATION OF THE RAM RECOVERY RATIO AT THE INLET WITH ANGLE
OF ATTACK FOR THE FORWARD SUBMERGED INLETS.



36 NACA RM No. ASA20

I | ]
— 8 _ ¢ T 1~
T
6'- @ >
~ . Y “
\. Y “\\1*_ 4 N
N V o i
r \-/—.2 A — | 2 ] -
el s 0 ‘
-4 -2 o] 2 4+ 2 8 -4 =2 o 2 « & I

fe)  PARALLEL WALLS

+—4G - 0 - ‘
Q:I‘Q. l**- 1 . ; . '—_Et
‘~ 1 — .a -
t|r \ Q""\._‘ . I |
- I gt
o & g L6 1— i -
NI N S .
: 4 o ]
~ In) - ARG _ ]
kt T b~
2
N A
= . | ¢ J
e L O o N 1
o -4 -2 o 2 .4 é 8 &+ 2 o  Z p 3 3
5 srmsoL Vi (6) DIVERGENT WALLS - S
< °o o s
b sz T o
v o5 g o
o s g 2
. 01 _
g e el = r =2
mLESe - 8 411
_A/ et ] ]
=5 |
0 i h 61— -
j rn f—— s ]
T
4 P
-2 G Lo W#
*ﬂ- L W | ! o]
- o : - rf L ola 111
-4 =2 a 2 4 6 a8 -4 2 a 2 4 o 8

ANGLE OF ATTACKk,oC,DEG
(e} DIVERGENT WALLS WITH NORMAL DEFLECTORS

FIGURE (2. — VARIATION OF THE RAM RECOVERY RATIC AT THE INLET WITH ANGLE
OF ATTACK FOR THE AFT SUBMERGED INLETS.

iy



WO —h _— W — 11—
[ — 1 N i e S
s y ny | (s ~J -
¥ LT N—arT Xy a7
. p . ]
q L S | -
E P s -
>
% &
W4 Wy -
8 ] 8
& .r g
Ez 32
"o
o 2 p] 6 8 W0 L2 4 6 8 o a P G 4 A0, 42 M 6 /8
WLET VELOGTY RaTio | ¥ [ IET  VELOCITY  RATIO N[\
fa) PARALLEL WALLS 8 (B) DIVERGENT WALLS !
' o {
™ T 111 |
¥ P 1247 [N —Fwe. raema. o7 exx ) i
. ] = N—AXT  (NORMAL DEFLECTORS ) .

L3

&

AN RECOVERY RATIO,

o

1

NAG

1 1 L | 1 i [

[~ 2

& % &S Lo 42
INLET  vELSCITY  RATID ¥/

it i4 {8

(c) DYVERGENT WALLS WITH DEFLECTORS

FIGURE 13, - THE EFFECT OF THE LOGATION OF THE INLET ON THE RAM RECOVERY RATIO AT THE MLETS. a, 0°

O2VRY "o WY VOVN



38 NACA RM No. A8A20

20, - - 2.0
8 =N 5
< — P
o~ T 4.
= < - —+— .5 p ] T
\_ | A
L
A= 4
2 2
o a
- -2 (o] 2 4 & 8 -4 -2 o 2 4 6 8
la} PARALLEL WALLS
=
.OI ’O—l
T e = -
i | bk
T - — é
el
iyl 6 0 By e s
1 1 o
Ryhy 4 4
S 2 T 2 -
3 -
- o
é 4 2 G 2 4 6 8 -4 -2 0 2 4 6 8
Y U W) (6) DIVERGENT WALLS o
Q o o . A, o 7
Q & 2 & K-
LU a " o /Lo
& v g - 7. i3
s -3 S & e
10 v
& | X .
B i e
e e F
6 ~ 16
4 A
2 — 2 V"
| [ Lt 1]
5 ! [ 5 1
- 2 o 2 4 & a8 - 2 -0 2 4 (] a8

ANGLE OF A77TACK , or, ODFG
(c) DIVERGENT WALLS WITH NORMAL DEFLECTORS EXTENDED FORWARD

FIGURE 14.~ VARIATION OF THE RAM RECOVERY RATIO AT THE SIMULATED COMPRESSOR
ENTRANCE WITH ANGLE OF ATTACK FOR THE FORWARD SUBMERGED INLETS.
SHORT INTERNAL DUCTING.



NACA RM No. ABA20

39

20 . . 102
81— 8t
i::— = f = i‘ = :t
.6"— ol [ 1 —] 1|
4 P T
2 z £ <
- 2 %% 7 % < 3 + 2 % Zz ¥ ¢ &
) PARALLEL  WALLS
LO 2
| PP [ 1
Y . — - Py
% ' B I o - K 1 s I A I g et P
(3 T
Ay ¢ ot 1o |
R | [ ==
é 4 4 — T
< b
> 2 17 ) .
& - =
L — SN
S F Z°6 z ¥ ¢ & ==z % z 4 ¢ & °©
Q
g —— (5] DIVERGENT WALLS . ———
s 2 ¢ 1z
E sz T e
Q@ > 2 g 2
'.cl—l {0[
= = — '. o
A - l rs
6 .c{
= —
+ £
L Y “RAGAS
2 2 Py
ad i A Oi = —— .
= =2 9% 4% < B - =2 o0 2 4 €& 8
ANGLE OF ATTACK , o8 , DEG

le) DIVERGENT WALLS WITH MORNMAL LOFEFLEFCTORS EXTENDED FOCWARCD

FIGURE 15.— VARIATION OF THE RAM RECOVERY RATIO AT THE SIMULATED COMPRESSOR
ENTRANCE WITH ANGLE OF ATTACK FOR THE FORWARD SUBMERGED INLETS.

LONG INTERNAL DUCTING.



Lo

H-R
7 /_‘,F')

RAM RECOVERY RATIO

FIGURE 16.- VARIATION OF THE RAM RECOVERY RATIO AT THE SIMULATED COMPRESSOR
ENTRANCE WITH ANGLE OF ATTACK FOR THE AFT SUBMERGED INLETS. SHORT
INTERNAL DUCTING .

NACA RM No, A8A20

LO— - ¥ _
o | commmm—g
.8 — .8
S —p——— 1] = o |
A - -t [~ &
'\ q.=
41 | s T 4
L2 2
-4 2 00 F3 4 3 8 -4 2 OO 2 < )
(a) PARALLEL WALLS
fO s/
[ | TTTT]
] =
s S
— I~ ) el
< ’ T -“_'iﬁ—— —]
4 4
2 L2
-4 -2 OO 2 4+ ¢ 8 -4 2 OO 2 E. &
syaesoe ¥ig (b)) DIVERGENT WALLS Srmsoe Vg
-] o -
a 2 -
3 @ g
A SO
. L L1
= ~ & o
[y o St A
3 | %
4 - 4
Praliak .
.2 12 W-
1 |
T - s
-4 2 OO 2 <4 G 8 -4 -2 o 2 4 [4
ANGLE OF A7TT7ACK , X" , OEG
c) DIVERGENT WALLS WITH NORMAL DEFLECTARS




l 10
WD~ SHORT INTERNAL DT 1 /D~ SHORT NTERNAL DUET g
o FT7— SHORT INTERNAL DUCT |— - AFT — SIHORT WTERNAL
'.F' / tefae 7 R =
g < T * | oomm— T g
E‘ // \\ "“—-—-__‘_’ Q M 9 \\-_.__ *
1 S ~ 1
> )‘\‘
§ . FWD= LONG WTERNAL BT E FWD—LONG INTERNAL DLET | 5
L} N
E N wgifen]--[w \
& <
Ez - k 2 \
3 3 N
o I
) 0
o 2 4 & B8 0 iz 44 i 8 o .2 7 £ B 0 12 14 16 I8
INLET VELOCITY RATIO N[k INLET VELOCITY RATIO | N[V
(a] FAPALLEL  WALLS ' {6) DIVERGENT  WALLS
2
— SR JNTERNAL DUET
_ A i OEE xS | |
- AFT= X L er
e, e e
Xl \‘ Q \J
L T
R s ™~ = y
& p
— LONG INTERNAL L
§ oL s DEr X o) o] N
0 N
E’ N
\3
]
& ? \
o 1 | |
] 2 " [ g [Z4] iR iq L& 8

MLET VELOCITY RATIO , ¥fu
(c) DIVERGENT WALLS WITH DEFLECTORS

FIGURE 17, - RAM RECOVERY RATIO 11 THE SMMULATED COMPRESSOR ENTRANCE WITH THE DIFFERENT
INTERNAL DUGTS. ac, 0°.

h



EXTERNAL DRAG COEFFICIENT , Cp,

3 1
il 4
T Ve
2 — b 2
A P — 4
T T [t v S S
. L4 e 1O
S e 2
o= = e A == 16
¥4 3 —
4 2 0 2 4 6 8 e oo
(a) PARALLEL WALLS | 21 .
—-—-_!0 ‘-_-J_—-Q-}_‘-"--__
:_\Né‘_-—-____‘__ L. \-“7%\
| 1 5 N o e 3 e e S N
- 2 ~— I A
L Tet Lol L L 1 S
- — _‘"-v_ — — ‘.—-'
o e 0 =
e e e A S el |
-1 = ~w |
_] L Y] L1
¢+ 2 0 2 4 6 8 2 0 2 4 6 8

ANGLE orm4 ICK oy DEG
VERGENT WALLS WITH NORMAL
© DEFLECTORS EXTENDED FORWARD

FIGURE 18. - THE DRAG OF THE SUBMERGED AIR INLETS IN THE FORWARD LOGATION AS
DETERMINED BY THE MOMENTUM METHOD.

(b) DIVERGENT WALLS

2n

02VRY “ON W VOVN



NACA RM Fo. ABA20 43

| — 1
-
~
CCEE
o
~002 ©

o,

(a) PARALLEL WALLS

3

T T T T T T 1
—O— FORCE TEST |
—— —— — MOMENTUM RAKE

1N
LI N ’.

A
!
"

() DIVERGENT WALLS

:
/

,'%I)

EXTERML, DRAG COEFFICIENT
0

004 :
| N
002 %\@
| k_ 4
. . — %i— — 1
o 2 4 & 8 L0 L2 19

INLET VELOCITY RATIO , Vi,
(c) DIVERGENT WALLS WITH /VOEMAL DEFLECTOPS

EXTENDED FORWARD _

FIGURE 19. - A COMPARISON OF THE DRAG OF THE SUBMERGED
AR INLETS IN THE FORWARD LOCATION AS DETERMINED BY
THE MOMENTUM AND THE FORGE-TEST METHODS. CaC, 0°



INCREMENTAL DRAG C‘GEFF/C‘/ENT, Fal C'ga

—T T T T

008 e FOPCE TEST
—— — MOMENTUM RAKE

-

NCOEMAL DEFLECTORS
EXTENDELD FOLWARLD

i } 4
, [ HEAVER TAIL DEFLECTORS
004 .,- <t L\ DEFLECTORS EXTENOED AFT »
: ' X N ™ '
. [ \ h 0
002 : '
AN RN
t | — —
T
VR
o | ]
) .2 3 ¢ 5 G 7 &
| INLET VELOCITY RATIO , Y[y ~jE

FIGURE 20.~ THE VARIATION WITH INLET -VELOCITY RATIO OF THE DRAG
INCREMENT DUE TO SEVERAL DEFLECTORS. FORWARD LOCATION OF
THE INLET ; o, 0°

02VRY °"oN K VOVN




HACA RM No, A8A20

-6

1 EENENENEEREE
-t | eante 3P T
| X —tt
=2 Y BAYC FUSELAGE ||
o i i £ SR — =
TN ]
2 \.\\.«'
* N
< ]
3
Lo
Q =8 |
=6
N . £h n
N - U BAIC FUSELIGE
N -2 '__»f' . | 1 LS L]
8 - _._Ar/ = R F—— —_ F
Vg [}
oy -
8 2 A A WNIDE QUTIOE
[ e e e DU
Iy ——p —— —
gg “ W8I b I
(r) -6 . “\ = ‘? - I
oo =
& o '
()X, 0.3 ) ]
‘ . PP EHFEEEETE -
- L = .
e R e
-1 T 341 ‘/
"] XN
> . v;ﬂ
. N
\ n
. [~
8
T (c }oc,48°
N i ot
: - |
] '
roeace— | ewe 2ot | | wava—1]
% g p AN ]
- T < S e e o o o o o
LQJ“ 3 ‘ 3® T ‘#‘4 X | 7T COMPRESSOR
=2 . ! AR N .
g - -
3 HERER . i HEN
I}
Lk F -] 2 I3 I3 =) 20 22v—- M F3 28 o 2 34 E 3 38 40 <2 -~ «L 48 0 o= =*

FUSELAGE STATION , INCHES
() FUSELAGE CROSS-SECTION ON MLET CENTER LINE

-

FIGURE 21. — PRESSURE DISTRIBUTION MEASURED ON THE CENTER LINE OF
THE FORWARD INLET WITH THE DIVERGENT - WALLED RAMPS. )
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FIGURE 22 . - VARIATION OF THE PREDICTED CRITICAL MACH NUMBER WITH INLET-VELOCITY
RATIO FOR THE FORWARD LOCATION OF THE SUBMERGED INLETS.
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FIGURE 23. — VARIATION OF THE PREDICTED CRITICAL MACH NUMBER WITH INLET-

VELOCITY RATIO FOR THE AFT L

OCATION OF THE SUBMERGED INLETS.



