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NATTONAT. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AN INVESTIGATION OF SUBMERGED ATR INLETS ON A 1/4-SCAIE
MODEL, OF A TYPICAL FIGHTER-TYFE ATRPLANE .

By Nosl K. Delany

SUMMARY

Wind—tunnel tests were made of submerged alr inlets on the
fuselage of a 1/h-scale model of a typlcal fighter—type airplane,
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 wing), internal ducting
efficiency, and dsflectors,

The air inlets having the ramps with diverglng 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 exbernal drags. The submerged
glr Inlets with perallel ramp walls had lower ram pressure recoverles
for the normsl operating range. 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 the 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 alr inlets was conducted
wilth the submerged inlets installed in the flat wall of a wind
tunnel (references 1 and 2). The resulte of these tests indicated
that it should bé feaslble to design an efficient air—induction
system with twin submerged inlete installed on the sides of the
fuselage. DPlaclng the submerged inlets on the sldes of the fuselage
ghead of the Jet engine resulte in a short, stralght intermal
ducting system (refersnces 3 and 4). As the submerged Inlets will
not protruds outsids of the basic fuselage contour they shouwld tend

g
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to eliminate, by inertia separation, forelgn materisl (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 presented in this report was
to Investigate the effect of the location of the duct inlets on
thelr 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 wes constructed so that, In later tests,
the effect of a tractor propeller on the ram recovery could be
determined. ' ' T ' '

The test results presented 1u this report were obtained in the
Ames T— by 10-Ffoot wind tunnel No. 2 at the regquest of the Bureau
of Aeranautics, Navy Department.
SYMBOLS

The symbolas used throughout thils report are as follows:

A aresa,, squars feet

B depth of the ramp at the lip, inches

D drag, pounds . - -.

H total. pressure, pounds per square foot

M .Mach number

P atatic pressure, pounds per square foot
dynamic 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 velocity, feet.psr second
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AN INVESTIGATION OF SUBMERGED ATR INLETS OI& A 1/4-SCAIE
MODEL OF A TYPICAL FIGHTER-TYFPE ATRPFTANE

By Noel K. Delany

SUMMARY

Wind—bunnel tests were made of submerged air Inlets on the
fuselage of a l/ll——sca.le model of a typilcal fighter—type alrplane.
The results are presented for remp plan forms with parellel and
with diverging walls and show the effect of the duct-entrance
location (forward of the wing and over the wing), Internal ducting
efficiency, and deflectors.

The alr inlets having the ramps with diverging walls were satis—
factory in both locations tested on the fuselage, providlng high ram
pressure recoverles at the simulated entrance to the compressor, high
predicted critlical Mach numbers, and low exbtermal drags. The submerged
alr inlets with parallel remp wells had lower ram pressure recoveries
for the normal operating renge. The ram pressure recovery ratlos
meagured at the Inleis were hilgher for the forward locatlon of the
inlets than for the aft location. For an assumed engine positlon,
however, the aft location of the Inlets with the shorter, more
efficient internal ducts gave the higher ram recoveries at the
simulated campressor for the test conditions.

INTRODUCTTON

The early development of NACA submerged alr Inlets was conducted
with the submerged inlets 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 efflcient alr—induction
gystem with twin submerged inlets Installed on the sides of the
fuselage. DPlacing the submerged Inlets on the sides of the fuselags
ghead of the Jet englne results In a ghort, stralght intermal
ducting system (references 3 and 4). As the submerged inlets will
not protrude outside of the basic fuselage 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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¥ distance perp'endicula.r to a surface, Inches
boundary—layer thickness, inches

a model angle of attack with respect to the fuselage
reference line, degrees

P mass density of the alr, slugs per cubic foot

The following subscripts have been used in conjunction with the
above symbola: . '

o free—stream

1 duct entrance (1.5 in, behind lip leading edge)
2 inlet to the compressor

a8 Jet exhaust

cr critical

av © average

The following ratios and coefficientsheve been used:
H-po

) ram .recovery ratio
LS inlet wvelocity ratio
Vo
CDinternal internal drag coefficlent (int-er:;gl dra.g)
Cop external drag coefficlent of inlet based on wing
=)
area \ —
asS
C'DD external drag coefficlent of inlet based on inlet

(&)
area —
qly
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h ’ the height of an area of unit width in which the
complete loss of free-stream ram pressure is
equlvalent to the Integrated loss of the total
Pressure in unit width of the boundary layer

@&

P pregsure coeffliclent <P—P°>
. 40
p internal ducting efficiency[ 1- Hl_Hz) :l
1-Pa

DESCRIPTICN OF MODEL

This investigation of twin NACA submerged air Inlets was
conducted with a l/ll»—sca.le model of a typlcal high—speed, turbo—
propeller driven, fighter-type alrplane. In this series of tests
the propeller was not used. The pertinent model dimensions and a
three—vliew 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 inlets iInvestigated were designed from the
results of reference 2 which indicated that an entrance aspect
ratio of 4 and a remp having an angle of 7° with regpect to the
fuselage surface and curved diverging walls should produce optimum
characteristica. The ramps were submerged in the fuselage sc 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 given in figure 3 and correspond to those of
reference 2, The lips of the duct inlets tested (fig. 4) were the
game ag the untilted 1ip of reference 2 but with the mean camber
line tilted in 3°, Flush gtatlc—pressure orifices were installed
on the center line of the ramps and lips of the alr intekes,

Two Inlet positions, on the sides of the fuselage, were tested,
For both positions the horizontal center plane of the inlets was
In the horizontal 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 pointof maximum thickness of the wing at the root,
For the forward position of the inlets, the leading edge of the lip
was 19.3 percent of the root chord of the wing ahead of the wing
leading edge, and for the aft position of the inlets the leading
edges of the lips wers above the point of maximum thickness of the

N
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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 intermal ducting system for the aft
location of the inlets and a longer intermal ducting system for the
forward location, These two internel ducts are shown assembled for
prelimingry bench tests in figure 5, The long intermal duct
consisted of the short internal duct with a 1k,25—inch, constant—
area section addsd to extend it forward. To provide a more complete
comparison of the duct entrances, the forward Inlets were also tested
with the short Intexrnal ducting system, The area ratio between ths
similated face of the turbo—jet compressor and the submergsd inlets
was 1,336 for both the short and long Internal ducts.

Deflectors (reference 2) were investigated on only the inlets
with divergent ramp wells, Coordinates and photographs of the
deflectors installed on the model are shown in figures 6 and 7T,
respectively, The normal deflectors were tested at both the forward
and aft locatiorsof the inlets while various modifications were
invegtigated for the forward location of the Inlets,

TEST METHODS AND REDUCTION OF DATA

The quantity of air flow through the submerged alr inlets of
the modsl was varied and controlled by a centrifugal pump located
outsids of the wind tunnel. The pump was comnected to the duct
gystem 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—bunnel f£loor was flexlble to allow the angle of attack of the
model to be changed. A standard sharp—sdged ASME orifilce meter was
uged to measure the quantlity of air drawn through the submerged air
inlets. .In dstermining the Inlet veloclty ratlo from the measured
quantity of flow, the free—stream alr density was used. This Intro—
duced & meximum error of 2.0 percent in the inlet velocity ratio.

Rem pressure recovery,; at the duct inlets and at the simmlated
entrance to the compressor, was measured by rakes of pressure tubes.
There were 36 totel-pressure and 5 static—pressure tubes in each
inlet and 40 total-pressure and 4 static—pressure tubes at the
similated entrance to the compressor., In computling the mesan ram
recovery ratic at the inlets Hl—po/Ho—po the reading of each
tube was welghted (reference 2) in accordance with the varlation
of the mags flow across the duct inlets. As the veriations In the
velocity wereemall at the elmulated entrance to the compressor, 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
preassure fleld of the wing might also be adverse. To determine these
effécts two- locations of the inlets were tested, the forward loca—
tion where the duct inlets were forward of the wing (fig. 7), &nd
the aft location where the duct inlets were above the point of
maximum thickness of the wing (fig. 7).

Figure 9 shows the boundary—layer thickness and the pressure
distribution for the two locations measured on the basic fuselage
along the fuselsge 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
submerged entrances. The efflclencies of the ducting systems
evaluated during the bench tests of the long internal ducting and
the short Internal ducting are shown In figure 10, The efflciency
of the short Intermal 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 turblne dslivering approximetely 3300 shaft horsepower
for take—off. The submerged Inlets were designed so that the inlet
velocity ratio with thls gas turbine would be 0.60 at 550 miles per
hour and 1,00 in a climb at 350 miles per hour.

Ram Recovery Ratio

The mean ram recovery ratlios at the duct inlets and at the
glmilated 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 rem recovery ratio at the inlets is shown in figures 11 and
12 for the forward and aft locations of the submerged entrances,
respectlively. The effect of angle of attack on the ram recovery in
the normal operation range (V’l/V‘O = 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 degres.
Figure 13 (obtained from the data of figs. 11 and 12) sumarilzes
the effect of the locatlion” of the duct inlets on the entrance ram
recovery at o° angle of attack. The followlng table compares

aapmsst
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thege data for an iInlet velocity ratio of 0.T:

Forward locatlion Aft locatlon
HJ._PO HJ._'PQ
Inlet Inlet
HEo—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 locatlion Aft locabtlon
Hopo Hz—p,
HE o, Ho—%o
Inlet Short Long Inlet Short
Internal {intermal | internal
ducting | ducting ducting
Parallel walls 0.780 0.740 || Parallel walls 0.670
Divergent walls .885 .820)| Divergent walls .860
Divergent walls Divergent walls
with normsl wilth normal
delfectors deflectors 865
extonded
forward .900 8o

The effect of location of the inlets ls 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 Iin ram

recovery ratio at the simulated entrance to the compressor dus to
the locatlion of the inlets was of the same order of magnitude as
was measured at the inlets, the forward location having the higher

recoveries,

However, flgure 17 shows that for the divergent—walled

entrances wlth deflectorg a larger ram recovery was obtalned for
the aft than for the forward locatlon of the inlets, with inlet

velocity ratios in excess of 0.9.

This difference may be accounted

for by a small change in the efficlency np of the intermal ducting.

The effect of the internal ducting efficlency 1p (fig. 10)
may be shown by comparing the data 1n the preceding table and
flgure 17 for the forward location of the inletes with the short

and long internal ducting.

There was only a smell difference in

the recoveries for 1lnlet veloclity ratios below 0.5, but the ram

recovery ratlo progressively decreased above thls value
longer internal ducting.

for the
For an Inlet velocity ratio of 1.0 the

recoveries at the campressor were reduced 15 to 18 percent below
those for the shorter intermael ducting.

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

»~ . -
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the forwerd location wlith the long Intermal ducting. Consequently,
if the location of the compressor 1s such that long Internal ducting
must be used for the forward Ilnlete, 1t might be adventageous to use
the aft location of the inlets wilith the shorter, more efficient,
internal ducting system. Nome of the combinations of the parallel-
walled entrles and the internal ducting systems glve as high a ram
recovery at the slmulated entrance to the compressor, for high—speed
flight, as the poorest combination of the divergent—walled entries
and the Internal ducting systems investigated.

Flow Studies

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

b }Reglonn of
. low velocity

In an attempt to-clarify this phenomenon, visual tuft tests and total—
pressure measurements were made. These oheervations indicated that
the air flowlng along the ramp followed the divergent walls, while the
alr flow along the fuselage was approximately parallel to the free
stream. Consequently, at the top of the ramp walls there was a
discontlnulty in the direction of air flow. Thie discontinuity
apparently resulted in a rotational flow as shown below.

Resultant rotational
flow

- ‘ .
Flow direction
over fuselage )

sy

. Flow direction near

" ramp wealls A )

SN
A LB

4-A

From the foregoing discussion 1t may be conjectured that a part
of the fuselage boundary layer developed ahead of the Inlets was
entrained in the region of rotational flow., Part of the air in the
rotational flow passed over the outslde of the entrance lips and the
remaindsr entered the ducts, the proportions dependlng on the operating

B
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conditions of the inlets. For higher inlet velocity ratios the
gtrength of the rotationsl flow and the proportion that flowed into
the entrances increased. This hypothesls appears to explain,
qualitatively, the origin of a large portion of the entrance losses
encountered with the submerged Inlets wilth divergent ramp walls.
For the parallel—walled 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 extermal drag coefficlents of the NACA submerged Inlets as
determined from measurements of the change In momentum Immedilately
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 mads 1t impossible to Install
the momentum rskss behind the aft duct entrances. The drag of the
entrances with parallel or divergent walls, as Indlicated by the
momentum method, was approximately zerc (less than Cpp = 0.000L
baged on wing ares) for an inlet veloclty ratio of 0.7 and 0° angle
of attack., For the same condition, the deflectors Increased the
drag coefficient by approximately 0.0007 based on the wing area.
The increase in the drag due to the deflectors appeared to offset
the gain in performance 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 dlfficult and bime
consuming when, as In this test, the surveys were made in a regilon
of three—dimensional flow. In an attempt to verify rapidly the
magnitudes of the drag of the submerged Inlets medsured by the
momentum method, data were obtained using the wind—tummel balance.
These date are shown in flgure 19. The differences In drag, as
measured by the wind—tunnel balence, between the various Inlets at
a glven inlet velocity ratio are considered accurate. However, the
absolube values of the drag due to the inlets, as indicated by the
wind—tunnel balaence measurements, should be consldsred only quali—
tative because of the change In the pressure drag of the fuselage
with changing exit conditioms.

The two methods show falr agreement in the value of Vl/Vo
for which the drag increment was zero for +the entrances with |
divergent walls without dsflectors and for those with parallel
walls (fig. 19). With other inlet velocity ratios the drag incre—
ments (both positive and negative) determined from the wind—tunnel

| 2 .
.
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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 negative drags, This difference
in drag can be explained In part by the fact that for the higher

inlet velocity ratios the flow on the rearward portion of the fuselage
was ‘improved with a comsequent reduction In the over—all fuselage

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

0.7, the drag—ecefficlent Increment with the normal deflectors
extended Forward was 0.0015 asg determined from the force tests and
0.0007 as determined from the momentum surveys.)

The increments 1n drag caused 'by the deflectors (as measured
by the wind—tunnel balance) are presented in figure 20. These data
show that considerable reduction in the drag of the deflectors may
be obtained by altering the aft portioms of the deflectors designed
from reference 3. It is believed that separation was occurring on
the aft portion of the normal deflectors. To relieve the separation,
the aft portions of the deflectors were extended (fige. 6 and 7).
?m.s exm;nsion reduced the deflector drag as much as 40 percent
fig. 20

.Predicted Critical Mach Number

The pressure distribution for the forward locatlion of the inlets
with the diverging walls is presented in figure 21, The minimum
Pressure on the ramp occurred approximately 30 percent of the ramp
length from ite forward end, and thls location 41d not vary with
angle of attack from -4° to 4° or with Inlet velocity ratio. The
pressure distributlion over the forward 35 percen‘b of the ramp did
not change with inlet veloclty ratlo.

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

S

- . -
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The data of figures 22 and 23 show that Pfor identical entrance
configurations, the predicted critical Mach numbers were higher for
the forward location of the inlets than for the aft location 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 locatlion where the submerged
entrances were in the pressure field of the wing.

In both the forwerd 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-walled
entrances were the limiting component of that type of inlet for the
high—speed flight condition (a = 0°, V1/Vg = 0.6 to 0.7). In the
high—speed flight condition the entrances with diverging ramp walls
had predicted critlcal Mach numbers on the ramps and the insides of
the lips equal to or greater than the plain wing (Mgr = 0.76).

CORCLUSIORS

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

1. In both locations on the fuselage, the submerged inlets
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 raemps having parallel walls were
less satisfactory than the submerged inlets with ramps having
diverging walls.

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

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

C———
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5. The drag of the fuselage with submerged duct inlets operat—
Ing with Inlet veloclity ratios greater than 0.70 was less than the
drag of the baslc fuselage; however, with inlet velocity ratios
below 0.70 there was an a.ppreciable Increase In the drag attributabls
to the Inlets,

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

T. For the high—speed flight cond.ition, 'bhe predicted critical
Mach number of the Inletswas higher for the forward loca.’cion ‘than
the aft location.

Ames Aeromnautical Laboratory,
National Advisory Camnittee for Aeromautics,
Moffett Fileld, Calif,
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APPENDIX A
PERTINENT DIMERSIONS OF THE 1/4-SCALE MODEL
OF A TYPICAL FIGHTER-TYPE ATRPTANE
Model

WING BYOB o v « o « ¢ o o« o o o ¢« o o s o o o« o o « 14,519 8q £t
ASPECE TBEIO &+ o o o o o 5 o 6 o o o e s 8 s o e e o o o k.98
Wing span ......................-.8.50ft
WINg S6CtI0N ¢« o o er o o o o o ¢ s o o s s « o s s o o o o 637110
-ROOB ChOF@ & ¢ 2 2 o o o a o o o s s o ¢ o e » o' e o o« 2.30°F%
TIiD ChOrd o ¢ ¢ ¢ o o o o o o o o s o o o o 6 s s s o o o LlJd5Fft
Wing Incidemce + « o« « o ¢ o s o = o o o o o s o s s o @ s o 0O°

Subnmerged Inlets
Ra.mpa.ngle..........................7°
ABpect Tatlo OF INT6t o+ o o o 4 v o o 0 o e e e e e e L

Total cross—sectional area of both Inlets
measured 1t inches behind lip leading edges . « . . 0.0718 sq £t

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

Distance of duct—lip leading edges
from wing leading edge

Forward locatlon « « « ¢ « « « « 19.3 percent root chord ahead
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

fr w07 by ety o gL
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Length of the intermal duct from lip leading edge
to the simulated entrance of the compressor

Short internal ducting . « « v « o « « o « s o« = o 15.25 in.
Long intermal ducting © 5 o o e s s e s s s o s e 29,5 in.

M‘ea ratio (i._a a . L] . L - L d L] L d - o L4 . L] o . L4 . L o l L 336
1, :

APPENDIX B
Determination of Internal Drag

For the determination of the external drag of the twin submerged
duct inlets the drag of the Inbtermal ducting had to be determined,
The intermal drag was computed from the inlet velocity ratio 'V'J_/V'o,
wing area S, duct Inlet area A;, eand the duct exit area As.

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

V.V, Rs
c = BAMVaVo o f 2 2 gr Bl
Dinternal a8 GBJ, < revss rs (81)

The first term of equation (1) is readily evaluated., For the second
term, surveys were made at the exlt across one diameter to determine
the variletion of the velocity vy across the outlet, The velocity
distribution was assumed equal on all dlameters. The experimental
veloclity proflles were plotted and matched by a mathematical curve

aex® e

where n was found to be equal to Ok A;/Ag, where A,/As 1is
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 value of h would have

been omse,
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The average veloclty across the exlt is

A =§-2'£ rz vy drg (B3)
3

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

. _
Smax
s T (1) (Bk)

From the continunity equation for an Incompressible fluid
V1A, = Valg. Substituting this in equation (BL)

Vomaz = V1 (ﬁ—;—) (14n) (B5)

Substituting the wvalue of Vamax from equation (B5) in equa.tion

(B2)
e @ oG] e

Substituting the value of vg from equation (BS) in equation (Bl)
and integrating

onmemrmr = () [1{R)(@) (0 3=) ] om

The Internal drag may now be computed from the inlet velocity ratilo
VlfV'o, wing area S, duct inlet area A;, and the exit area Ag.
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FIGURE I- A THREE- VIEW DRAWING OF THE AIRPLANE
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Flaure 2.— Te 1/4—scale modsl of a Pighter airplane mmum in the
T— by 10~foot wind tunnel.
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FIGURE 4. - COORDINATES OF THE LIPS FOR THE SUBMERGED
AIR INLETS.


http://www.abbottaerospace.com/technical-library

(a) Short internal ducting system.

- * Diff
i 7 . . iffuser
i Constan? q 7 section

(b) Long internmal ducting system.

Figure 5.,— Bench—test Instellation of the internal ducting,
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(a) APt inlet with parallel _
remp walls. Yamp walls,

PP N

(c) Aft inlet with diverging (d) Forward inlet with parallel
ramp walls and normal ramp walls. :
deflectors.

(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 remp walls and beaver— ging ramp wells and deflectors
tail deflectors. G  oxtonded aft.

A-12300
Figure T.— Pictures of the various submerged air inlets.
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FIGURE 18.- THE DRAG OF THE SUBMERGED AIR INLETS IN THE FORWARD LOGATION AS
DETERMINED BY THE MOMENTUM METHOD.
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(c) DIVERGENT WALLS W/I/TH NORMAL DEFLECTORS
EXTENDED FORWARD _

FIGURE 19. - A COMFARISON OF THE DRAG OF THE SUBMERGED
AIR INLETS IN THE FORWARD LOCATION AS DETERMINED BY
THE MOMENTUM AND THE FORCE-TEST METHODS. &, 0°
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FIGURE 20.— THE VARIATION WITH INLET -VELOCITY RATIO OF THE DRAG
INCREMENT DUE TO SEVERAL DEFLECTORS. FORWARD LOCATION OF

THE INLET ; o, 07
’

0SVBYV "ON W3 VOVM


http://www.abbottaerospace.com/technical-library

NACA RM No, A8A20

e 17 NN
Tt —t —i— +——
-t e J—ur || - " .
T X -+
=2 Y BAVC FUSELAGE |
2] el ==t b et
# i \‘:\:\.«’
. NEER
NN
& LY g |
3
10
o=l
a =8 |
=6
's g T owe 4 e [T assc musmace
9 -2 ol ] YIS .
S gEm=== - =
& o = = ap ey e ——]
G N
8 " AN A
= Y ove DTE ST
I —O—p — -_—
§ -’ \\* e ; +[ __i: _::
A RN PITITT
g . &=
& o '
i (), 0.3 :
“ I I T
« L1 aedid E D e
| aase ruscracell T
=2 = al I
= ——t
"] Ko
. -
T
. i
. al
&8
T (c }or,4.8°
N =
: - |
.l.
) s ]
% g reercE— | | :awlpb\ frp-— | wevo—p
é
= oY N A S 0 o o T <R~
'Q)“g e i 1 \Sig.‘; “E“\‘ ‘mm
< N
g - | e
= a RN ENEENRE RN 1 !
L‘s F -] 2 I3 I3 =) 20 22v—- M F-3 28 0 32 34 g6 38 40 42 -~ «L 485 30 ==
FUSELAGE STATION , INCHES W

(a) FUSELAGE GROSS-SECTION ON IMET CENTER (INE

-

FIGURE 21. = PRESSURE DISTRIBUTION MEASURED ON THE CENTER LINE OF
THE FORWARD INLET WITH THE DIVERGENT -WALLED RAMFS. )
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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.


http://www.abbottaerospace.com/technical-library

NACA RM No. A8A20 W7
10 40
N N NEEE
N i
E .6 N 1 .a*
3 BEasEs
— L AT || |
X 4 i N
~
S 2 2
S~
3 0
S %z 7 7 - S i B+ O 2 # £ B 10 12 7 i
(e} PARALLEL  WALLS
10— 10
Q - X
Ly hT—T
% 8 )’/ )‘P—-——l -8
2, e P u
t Ad ~J
R # . I
T
Q2 2
(\J - -
= o : )
g o 2 £ 2 =B 17 12 i+ i o 2. 4 & B 10 1z
ts) DIVERGENT WALLS
SYMBOL oc* SYMBOL oc*
TS/ MNSiox
o -4/ o -4
o] as (o) as
Ej / o 48 10 o 48
g |l o 83 I o 23
B o EE s
S8 - - 854 -
E ) - —— r————r——d'—' ‘\
5 s % o 2 P
g
& 3
R 4 [~ — #
N
Q .2 2
5 ~REA
|
QO 2% 2 & 10 2= 7¢ 2 % < B o 12

MLET VELOCITY RATIO , V/u

LIP

RAMP

e} DIVERGENT WALLS WITH NORMAL LDEFLECTORS

FIGURE 23. — VARIATION OF THE PREDICTED CRITICAL MACH NUMBER WITH INLET-

VELOCITY RATIO FOR THE AFT L

OCATION OF THE SUBMERGED INLETS.
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