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SUMMARY

An investigation was made to determine the performance of twin-
gcoop side inlets mounted on the fuselage of a proposed supersonic
aircraft. The inlets utilized half of a conical gpike as the com-
pression surface and a ram-type boundary-layer-removal system. Two
types of splitter plates were used to gseparate the flow entering the
boundary-layer duct and main inlet. Also, two longitudinal positions
of the semicone were tested to simulate a variable-geometry inlet.

This research was conducted at the NACA Lewis 8- by 6-foot supersonic
tunnel at Mach numbers of 0.63 and 1.5 to 2.0 at angles of attack from
0° to 12°. Tests were also made at zero flight Mach number to evaluate

take-off performance.

Peak total-pressure recoveries of about 0.86 to 0.95 were obtained
at flight Mach numbers of 2.0 and 1.5, respectively, at the intended
cruise angle of attack of 30 with complete removal of the fuselage
boundary layer forward of the inlet. The Mach number of the flow
immediately ahead of the inlet was about 1.83 at a flight Mach number
of 2.0 and about 1.39 at a flight Mach number of 1.5. The inlet
captured practically all the local stream tube at a flight Mach number
of 2.0 and at a critical pressure recovery of 0.83.

At a flight Mach number of 1.5, translating the semicone to the
aft position increased the captured mass flow with no gignificant
change in pressure recovery. However, at flight Mach numbers of 1.9
and 2.0 with the cone in the aft position, the operating range of the
inlet was severely limited by pulsing, and pressure recovery was
gubstantially reduced.

Peak total-pressure recovery varied from 0.88 to 0.70 for angles
of attack from 0° to 12° at a flight Mach number of 2.0. At a flight
Mach number of 1.5, pressure recovery did not change appreciably as the
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angle of attack varied from 0° to 9°. Sweeping back the splitter-plate
leading edge increased the stable subcritical operating range of the
inlet at a flight Mach number of 2.0 for angles of attack from 0° to 9°.

At the subsonic Mach number of 0.63 a pressure recovery of 0.97
was attained for critical inlet flow with the cone In the aft position.
At zero forward velocity a large vena-contracta effect was observed
which may limit the performance at take-off unless auxiliary inlets
are used.

INTRODUCTION

The performance of scoop or side-type inlets is not as well known
ag that of symmetrical nose inlets. Previous preliminary investigations
of half-cone inlets reported in references 1 and 2 simulated a fuselage
inlet ingtallation by utilizing flat plates to generate boundary layer
ahead of the inlets. For these investigations, uniform supersonic flow
fields were maintained ahead of the inlets, and pressure recoveries
comparable with conical nose inlets were obtained when the boundary
layer was completely removed. In the practical application of an inlet
to an airplane, the entire flow fleld at the inlet can be distorted
because of asymmetrical body shape and body cross-flow effects at
angle of attack, possibly causing detrimental effects on performance.

An investigation of the performance of several types of scoop inlets
located on a supersonic aircraft fuselage has been conducted in the NACA
Lewis 8- by 6-foot supersonic tunnel. Only one location of the inlets
on the body has been considered. A general comparison of the over-all
performance of various types of inlets 1s presented in reference 3.

This report presents detailed performance data of an investigation of
half-cone-type inlets. Detalled results for ramp-type inlets are
presented in reference 4.

The investigation was conducted over a range of supersonic Mach
numbers from 1.5 to 2.0 and at subsonic Mach numbers of O and 0.63 at

angles of attack from 0° to 12°., Two longitudinal positions of the
gemicone were investigated as well as various inlet modifications.

SYMBOLS
The following symbols are used in this report:
A area

Cp model external drag coefficient based on maximum fuselage cross-
sectional area of 1.784 sq ft

h height above canopy of boundary-layer-scoop leading edge, in.

M Mach number
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m mass flow

iz total pressure

P static pressure

Vv velocity

y normal distance from splitter plate or radial distance from cone

at plane of survey, in.

a angle ot attack

B inlet flow approach angle

o) boundary-layer thickness, in.
o] mass density of air

Subscripts:

b distinguishes boundary-layer mass-flow ratios from those of
main inlet

C canopy

d boundary-layer duct

P projected, mass flow based on projected inlet area normal to
canopy

1 left wedge bar

max maximum

r right wedge bar

8 boundary-layer scoop

0 free stream

ik minimum Inlet area

1By inlet-entrance rake station, model station 73.0

2 diffuser-discharge rake station, model station 97.25
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Pertinent mass-flow ratios:

Ho mass flow through inlet

mo’p 00V0Ap

05 mass flow through inlet

mo,l OOVOA]_

He mass flow through inlet

B maximum theoretical mass flow for

choking at minimum area

—%) boundary-layer-scoop mass-flow ratio =
b

mass flow entering at scoop leading edge
mags flow available at canopy for given scoop height

md> boundary-layer-duct mass flow
Bo/% PoVohq

APPARATUS AND PROCEDURE

A photograph of the quarter-scale model investigated showing half-
cone inlets installed on the fuselage forebody of a proposed aircraft
is presented in figure 1. Plan and side views, including typical cross
gections of the basic fuselage, are shown in figure 2. Schematic cross
sections of the various inlets investigated (sections are taken at the
inlet center line in a plane normal to the fuselage) are presented in
figure 3, and the resultant area distributions of the diffusers are
shown iIn figure 4. The longitudinal center lines of the inlet cones
were parallel to the angle-of-attack axis. The inlets were halves of
external compression single-conical shock inlets with a subsonic-duct
transition from a semicircular entrance to a circular passage; the
duct discharge was approximately 5.3 inlet diameters aft and 0.1 inlet
diameter down relative to the tip of the half cone. Typical cross
gections of the subsonic duct are indicated in figure 4. A splitter
plate separated the flow entering the inlet and that entering the ram-
type boundary-layer scoop and extended across the full width of the
inlet. The internal boundary-layer duct made a constant-area transgi-
tion into a circular duct which discharged parallel to the main air-
flow ducts. ;

The first inlet investigated (fig. 3(a)) had a semicone angle
of 25°,. The tip of the cone was positioned for conical shock
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intersection with the cowl lip at a local Mach number of approximately
2.0. The top plane of the splitter plate was parallel to the fuselage
axis. The boundary-layer scoops had enclosed sides and were 0.44 inch
high at the entrance. Three accumulative modifications were evaluated
on the first inlet: (1) The sides of the boundary-layer scoops were
removed to the plane of the Inlet, (2) the canopy lines (canopy refers
to the flat surface immediately forward of the inlet) were modified as
shown in figure 3(a) to proyide a boundary-layer scoop height of

0.80 inch, and (3) a slot 2% inches long by 1/2' inch high was cut in

each side of the inlet cowling adjacent to the inlet floor.

The second inlet (figs. 3(b) and 3(c)), hereinafter called the
redesigned inlet, was installed with the splitter-plate surface
parallel to the unmodified canopy. The semicone angle was again 250,
but the initial tip position was selected to give conical shock inter-
ception with the cowl lip at a local canopy Mach number of 1.83
(corresponding to a flight Mach number of 2.0). In order to attain a
boundary-layer scoop height of 0.80 inch, the gplitter plate, cone,
and cowling were moved forward so that external lines could be faired
into existing fuselage lines at station 79.5. The sides of the boundary-

layer scoop were eliminated as far as l§ inches aft of the cowl lip.

A second longitudinal position of the semicone, 0.93 inch aft of the
splitter-plate leading edge, was also investigated.

In figure 5 is shown a photograph of typical inlet and removable
canopy instrumentation installed on the starboard (pilot's right) inlet
of one of the modifications of the first configuration. Instrumentation,
testing technique, and data reduction methods are similar to those of
reference 4. A mean total pressure at the inlet-entrance rake plane of
survey was obtained by an area weighting of the rake profiles. Thirteen
gets of total-pressure tubes (1/4 in. from the inlet floor) and static-
orifice taps were located in three longitudinal rows to determine if
separated flow existed in the subsonic diffuser.

Mass flows were computed for choking at the control plug with the
use of an average (area weighting) total pressure at the diffuser exit
rake for supersonic and zero flight Mach numbers. Diffuser-discharge
Mach numbers were computed from the one-dimensional area ratio relation
between the sonic discharge and rake stations. At a flight Mach
number of 0.63, the control plug was not choked, and therefore diffuser-
discharge Mach numbers were computed from mass-flow and total-pressure
measgurements to satisfy one-dimensional continuity relations. Mass-
flow ratio for the supersonic Mach numbers is based on the inlet
projected area normal to the canopy, which was 16.9 square inches for
the first inlet and 13.3 square inches for the redesigned inlet., Mass-
flow ratios for flight Mach numbers of 0.63 and zero are based on
minimum inlet flow area.
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Two mass-flow ratios are used to describe the flow of the boundary-
layer air. The ratio of mass flow entering the scoop to that available
at the canopy measuring station for a given scoop height 1s defined as
the scoop mass-flow ratio (ms/mc)b. The boundary-layer-duct masg~flow

ratio (mg/mg), 1s the ratio of duct mass flow to that of a free-stream

tube with area equal to the duct .area (constant-area duct). The latter
ratio is considered more accurate than the scoop mass flow inasmuch as
it does not depend on canopy measurements.

Drag force is defined as thrust (change in momentum of the air flow
through the main inlets from free stream to diffuser rake station)
minus the summation of strain-gage balance forces and base force.
Forces on the mass-flow control plugs were not measured by the balance.
The momentum decrement associated with the flow in the boundary-layer
ducts is included in the drag force.

Data for the simulated static conditions were obtained by
attaching exhauster equipment to the model discharge ducts. Reynolds
number based on fuselage length forward of the inlets was approximately

29x106 at supersonic Mach numbers and 19106 at a flight Mach number
o w063

RESULTS AND DISCUSSION
First Inlet

The variation of inlet mass-flow ratio and total-pressure recovery
with diffuser-discharge Mach number for the cruise angle of attack of 3°
and a flight Mach number of 2.0 is shown in figure 6 for the first
inlet. The boundary-layer-scoop mass-flow ratio was intended to
approximately satisfy aircraft cooling requirements. The inlet mass-
flow ratio is based on free-stream density and velocity and projected
inlet area at the canopy.

The peak pressure recovery of 0.66 obtained is comparatively low
inagmuch as recovery for a normal shock at a Mach number of 2.0 is 0.72.
The low recovery can be primarily attributed to boundary-layer air
entering the inlet. This is substantiated by the canopy flow surveys
reported in reference 4, which indicated that the boundary-layer thickness
ahead of the inlet for the same fuselage was 0.80 inch or an h/d of
0.55 for a scoop height of 0.44 inch. Furthermore, the boundary-layer
gcoop is operating subcritically as evidenced by the scoop mass-flow
ratio of only 0.38. The schlieren photograph in figure 7 depicts
boundary-layer air entering the inlet and subcritical scoop operation.
In addition, inclination of the splitter plate relative to the local
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flow direction causes an expansion ahead of the inlet which accelerates
the flow, in this case from a local canopy Mach number of 1.83 to a
Mach number of the order of 2.0 to 2.1. Consequently, the losses
through the inlet shock system are greater than would be attained for an
inlet alined with the local flow, which would utilize the favorable
compression from the forebody and canopy.

By eliminating the sides of the boundary-layer gcoop, critical
operation (no spillage) was attained at the gcoop leading edge. This
modification increased the peak pressure recovery from 0.66 obtained
with enclosed scoop sides to 0.71 for respective scoop mass-flow ratios
of 0.38 and 1.0, as shown in figure 8(a). The maximum mass-flow ratio
of the inlet was increased from about 0.90 to 0.94. This result agrees
qualitatively with the effects of h/6 and scoop mass-flow ratio
presented in reference 1.

Provislons for varying the scoop height were not provided; there-
fore, the canopy surface was modified to attain the desired scoop
height of 0.80 inch, as shown by the dashed line in figure 3(a). Data
for this modification, shown in figure 8(b), indicate a peak pressure
recovery of 0.73 compared with the value of 0.71 obtained with
h/8 = 0.55 and scoop sides eliminated. This result is much smaller
than would be anticipated from reference 1, thus indicating that the
modification was relatively unsuccessful. It is believed that modifying
the canopy possibly increased the boundary-layer thickness and the
static-pressure gradient at the inlet; each has an adverse effect on
inlet performance. The resulting change of the inlet flow field is
indicated by comparing the schlieren photographs presented in figure 9.

The third modification was to cut longitudinal slots in the inlet
cowling, similar to the method used in reference 1, so that low-energy
air could spill out the sides. Spilling air out the slots increased
the peak pressure recovery from 0.73 to 0.75 (fig. lO), which is still
congiderably less than that of comparable nose inlets. The mags-flow
ratio, at peak pressure recovery, was reduced from 0.94 (see fig. 8(b))
to 0.85. Inasmuch as the desired modifications could not be accomplished
because of physical model limitations, the canopy fairing was restored
to the original shape and the inlet was completely redesigned.

Redesigned Inlet

Surveys of the flow field of the unmodified canopy indicated
practically no loss of free-stream total pressure outside of the boundary
layer (reference 4); thus the efficient compression afforded by the
forebody and pilot's canopy can be utilized by alining the splitter
plate with the canopy surface and eliminating acceleration of the flow.
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Analysis of schlieren photographs and data from the canopy-pitot-tube
and flow-deflection-wedge instrumentation at an angle of attack of 3
indicated the following average canopy Mach numbers:

Flight Mach | Canopy Mach
number, Mg number , M,
1.5 1Eni 588
%7 L35
9 1.74
5.0 183

In addition to alining the redesigned inlet with the canopy, the
following changes were made:

(1) Boundary-layer-scoop height was 0.8 inch or h/8 = 1.0
at o = 39,

(2) The cowling lip was moved forward to intercept the conical
shock at a local Mach number of 1.83 (flight Mach number of 2.0).

(3) Sides of the boundary-layer scoop were eliminated and cut out
further aft to reduce the possibility of spilled air entering the inlet.

o}
Although the inlet was effectively yawed about 3% because of body

cross flow at an angle of - (see Performance of the redesigned inlet
at angle of attack), it was not possible to modify the inlets to mini-
mize the effects of cross flow.

In order to summarize the effect of these changes, performance
characteristics of the redesigned inlet are compared in figure 11 with
the first inlet with scoop sides eliminated (data from fig. 8(a)) at
the design flight Mach number of 2.0 and the cruise angle of attack
of 3°. A peak pressure recovery of about 0.86 was obtained for the
redesigned inlet, which is comparable with the performance of well-
designed ramp-type side inlets (reference 4). The pressure recovery
for critical flow was 0.83., A comparison of the respective super-
critical drag coefficients (based on maximum fuselage cross-sectional
area) indicates a 28 percent reduction for the redesigned inlet; this
is primarily caused by the reduction in additive drag associated with
decreasing the inlet air spillage from approximately 18 to less than
1 percent of the mass flow of a local stream tube determined by the
canopy flow survey. Low-mass-flow spillage in the supercritical region
and complete removal of the boundary layer are shown qualitatively
by the schlieren photograph in figure 12. The redesigned inlet had a
gtable subcritical operating range of about 12 percent of the critical
mass flow.
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Varying the boundary-layer-duct mass-flow ratio changed the spillage
out the sides of the scoop but did not change the scoop mass-flow ratio
or significantly alter. the mass flow entering the inlet.

Performance of redesigned inlet at various flight Mach numbers and
cruise angle of attack of 3Y. - In order to simulate variable-geometry
inlets, the performance of the redesigned half-conical spilke inlet was
investigated over a range of supersonic flight Mach numbers for two
longitudinal cone positions. The variation of mass-flow ratio, total-
pressure recovery, and external drag coefficient with diffuser-discharge
Mach number is presented in figure 13 for two longitudinal cone
positions.

Pregsure recoveries from 0.95 to 0,86 were obtained over the range
of flight Mach numbers from 1.5 to 2.0 (see fig. 13(a)) with the cone
in the forward, or estimated My = 2.0, design position. At a flight

Mach number of 1.5, the inlet is capturing approximately 88 percent of
a gstream tube evaluated at the local canopy conditions.

At a flight Mach number of 1.5, shifting the semicone to the aft
position did mot significantly change the pressure recovery. Captured
mass flow increased to 93 percent of a local stream tube because the
conical ~shock moved closer to the cowl lip and thus reduced spillage.
Concomitantly, the drag coefficient for critical flow decreased slightly.
The 7-percent spillage for the aft cone position probably could not be
appreciably reduced by moving the cone further aft because of the
slight internal contraction of the inlet.

At flight Mach numbers of 1.9 and 2.0, the stable subcritical
operating range was considerably reduced compared with that obtained
with the cone in the forward position. Translating the cone aft
substantially reduced the peak pressure recoveries from about 0.86
(forward cone) to 0.81 with a 16 percent increase in mass flow at a
flight Mach number of 2.0 and from 0.90 (forward cone) to 0.86 with a
23 percent increase in mass flow at a flight Mach number of 1.9.

The effect of tramnslating the cone is primarily of interest when
the breathing characteristics of turbojet engines are considered; as an
example, the inlet-engine matching line for engine B of: reference 5
at an altitude of 35,000 feet is indicated in figure 13. Translating
the cone enables the engine alr-flow requirements to be satisfied at
more- efficient diffuser points, that is, nearer to peak pressure
recovery and minimum drag.

The theoretical conical and normal shock recovery for a 25° half-
angle cone at a Mach number of 1.83 ig about0.95 compared with 0.83
(critical) experimentally obtained herein. To determine if the
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disagreement is associated with the external or intermal flow, total-
pressure losses from free-stream conditions to the inlet entrance-rake
measuring station, and from the Inlet rakes to the diffuser exit for
the two cone positions over the range of flight Mach numbers, were
plotted (fig. 14) as a function of diffuser-discharge Mach number.
Since the inlet rake station is about 3% inches aft of the cowling lip,

the APo_l'/PO lossges include the internal losses from the cowl lip to

the rake; however, these are believed to be comparatively small. The
internal duct losses APl'_z/PO are practically independent of flight

Mach number and primarily dependent on mass flow and velocity in the
diffuser. Over what could be considered the useful operating range of
the diffuser, the losses vary in the subcritical range from about

1 to 4 percent of the free-stream total pressure.

The inlet losses APO_l,/PO are primarily dependent on flight

Mach number and on shock structure as determined by mass-flow ratio.
These losses were two or three times the theoretical shock losses.

The losses up to the canopy station were negligible; losses attributed
to the angle of attack of 3° were determined to be only about 2 percent
of the free-stream total pressure. Therefore, to aid in explaining
these losses, inlet-entrance rake profiles are shown in figure 15(a)
for a flight Mach number of 2.0 and a range of diffuser-discharge Mach
numbers (mass-flow ratios).

The high-energy core of the profiles is in agreement with the
theoretical shock losses. The difference between the realized and
theoretical losses is caused by boundary-layer accumulation or geparation
on the compression surface (cone) and in the region bounded by the floor
and sides of the cowling and semicone (hereinafter referred to as
valleys).

As the flight Mach number is reduced, the region of low-energy air
at the compression surfaces and in the valleys is decreased, as indi-
cated in figure 15(b). Inlet profiles for the cone in the aft posi-
tion are shown in figure 15(c) for various flight Mach numbers. As the
flight Mach number is increased, a region of low-energy air appears near
the cowl lip because the cowl is not properly positioned with regard to
the conical shock.

The radial and circumferential distribution of total-pressure
recovery at the diffuser exlt 1s of interest for determining the effect
of these flow conditions on ram-jet combustion-chamber design or on the
performance of turbojet englnes. Figure 16 is a map of total-pressure
contours at the diffuser exit for the My = 2.0 cone position at a

flight Mach number of 2.0. The core of high-energy air appears in the
upper right-hand quadrant; low-energy air appears in the region of the
duct that has undergone the greatest amount of turning and that
initially had low-energy air at the inlet.
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The flow at the diffuser exlt was not separated inasmuch as
diametral plots of the exit-rake profiles indicated that the measured
gtatic pressures were less than the lowest measured total pressure.
Some separation of the flow was present in the subsonic diffuser
forward of the exlit. An example of the longitudinal and lateral dis-
tribution of flow separation 1/4 inch from the floor of the diffuser 1s
shown in figure 17. In general, the flow (1/4 inch from surface) in
the windward valley and over the tall of the afterbody was separated
for the My = 2.0 cone position. For the Mg = 1.5 cone position, some

flow separation was present in the region of the afterbody tail at
flight Mach numbers of 1.9 and 2.0.

Redesigned inlet with sweptback splitter plate. - In addition to
the straight leading-edge splitter plate previously discussed, a
splitter plate with a sweptback leading edge (included angle of 96°
from cone tip to cowling) was investigated. Inlet performance for the
sweptback splitter plate with 0.73 (maximum) and 0.43 boundary-layer-
duct mass-flow ratios at a flight Mach number of 2.0 and an angle of
attack of 3° is presented in figure 18. The sweptback-splitter-plate
inlet had a stable subcritical operating range of about 18 percent of
the critical mass~flow ratio as compared, at equal boundary-layer-duct
mass-flow ratic, with 12 percent obtalned with the straight splitter
plate (see fig. 13(a)); peak total-pressure recoveries were about the
same for both configurations. Reference 2 predicted that a sweptback
splitter plate with suction slots parallel to the plate leading edge
capable of complete removal of the boundary-layer air would be advan-
tageous compared with the straight splitter plate. The boundary-layer
duct of the configuration investigated herein was not large enough to
permit ducting all the boundary-layer air existing across the width
of the inlet. By integrating the canopy boundary-layer profile for
h/& = 1.0 (® = 0.8 in.), the percentage of air that must be spilled out
the open scoop sides (based on width of cowling) was determined as:

Eg Air gpilled
m (percent)
b
0.73 (maximum) 41
.43 65

Operating the boundary-layer duct at maximum capacity reduced the main
inlet pressure recovery of the sweptback-splitter-plate inlet as much as
2 percent in the subcritical region, ,decreased the inlet losses, and
increased the internal duct losses (see fig. 18).

The increase in drag coefficient for maximum boundary-layer-duct
flow was approximately constant over the range of inlet mags-flow ratios
and is primarily associated with the momentum decrement or friction
logses caused by the additional mass flow entering the boundary-layer
ducts.
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Performance of redesigned inlet at angle of attack. - For a flight
Mach number of 2.0 and the Mgy = 2.0 cone position, the inlet perfor-
mance for angles of attack of 0° to 12° is presented in figure 19(a) for J
the straight splitter plate and in figure 19(b) for the sweptback
splitter plate. TFor both configurations the reduction in peak total- .
pressure ratio with angle of attack was appreciable, decreasing from
0.88 at 0° to0 0.71 at 12° for the straight splitter-plate inlet and to
0.70 for the sweptback splitter-plate inlet at 12°, The noticeable
difference between the inlet performance with the two splitter plates
is the extension of the stable subcritical operating range for the
sweptback design at angles of attack.of 0°9;:3°9, 69, and 99,

Inlet performance for the Mg =°1.5 cone posgition and the straight

leading-edge splitter plate is shown in figure 20 for a flight Mach
number of 1.5 for angles of attack from 0° to'12°, At a flight Mach
number of 1.5, the inlet is relatively insensitive to angles of attack
from 0% to '9°.

Flow approach angles measured in a single plane parallel to the
canopy surface at station 68.6 are presented in table I for a range of
flight Mach numbers and angles'of attack. For a flight Mach number
of 2.0 at the-design cruise anglg of ‘attack of 30, the flow is
approaching the inletbaxis at 3% ; at_zero angle ‘of attack, the flow

deflection is about % . . Thus, the pressure recovery and mass-flow .

characterigtics of -the-inlet-obtained -at 0% (Pigucl9) may be Indicative
of _the performance that could -be rexpected with -the Ffuselage at-an 2
angle of attack of 3° and the- inlet axis-cantedc~3% in the direction of
the loeal £low, .- 2 fs I i

Typical .inlet total-pressure~ratio-profiles [for éach-cone posi-
tion at. design Mach number are presented in figure 21 for wvarious:
angles of attack. For a flight Mach number of 2.0, progressive
deterioration of the flow profile of the windwyard inlet rakes is
shown as the angle of attackig’'raised (fig.'21(a)); at an angle of
attack of 12°, the windward rakes indicate separated flow except near
the surface .of the semicone. At a flight Mach number of 1.5, deteri-
oration of the windward inlet. rake profile is not indicated until the
angle of attack is 12° (fig. 21(b)), which is the same trend observed
for, the variation of. total-pressure recovery with angle .of attack.’ -
Internal separation data showed that the lateral and, longitudinal [
distributions in a single plane.l/4 inch from. the: diffuser: floon was.o
not severely affected by, angle,of. attack,.although: the. separation may :
extend higher than the plane of measurement.

al-pressure contours.at the,. diffuser- exit fbfﬂangie&a

of attack of. 0P, e Endl}zo are, shown; in; figure: 224 - The  highrenergyn

BE -

. Maps of téﬁ
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core of air is effectively rotated counterclockwise as the angle of
attack is increased. A small region of separated flow is indicated for
an angle of attack of 9° and an appreciably larger region for an angle
of attack of 12°,

Performance of redesigned inlet at flight Mach numbers of 0.63
and 0. - For turbojet-powered aircraft the subsonic and take~-off perfor-
mance of supersonic inlets is of interest. Total-pressure recoveries
and mass-flow ratios for the aft or My = 1.5 cone position are Presented
in figure 23 for a flight Mach number of 0.63 and angles of attack from
0° to 9°., Mass-flow ratio is based on free-stream density and velocity
and minimum inlet area. The diffuser-discharge Mach numbers were
computed from mass flow and total pressure to satisfy one-dimensional
continuity. In reference 3 a method of averaging local diffuser-
discharge Mach numbers from pressure reke data was used to present the
pressure recoveries at subsonic conditions for the inlet with the
centerbody removed .

Pressure recovery for critical mass flow varied from 0,97 at zero
angle' of attack to about 0.90 at an angle of attack of 9°. The
critical mass flow, at o = 0°, was about 91 percent of the maximum
theoretical mass flow calculated for choking at the minimum area, thus
indicating the magnitude of ‘the vena contracta. . Eyaluation of external
cowling pressure distribution (uncorrected for. tunnel effects) /indi-
cated'a critical flight Mach number of 0.78 at an angle of attack of 3°
for critiecal mass-flow ratic, according to the KérmAn-Tsien extra-
polation. : :

Alr-flow requirements for engine B of reference 5 could be satis-
fied at a pressure recovery of about 0.89 at zero angle of attack at
sea level, as indicated on figure 23; however, the inlet-engine matching
point is in the low-pressure recovery region of congtant mass. flow.
For'*furbojet ‘engines operating at constant rotational speed. the.Mach
number at’ the face of the compressor increases with increaging altitude;
thus, performance at altitude would be limited for the particular engine
illustrated’ (see figi 23) unless the minimum inlet flow area. was

increaged ! A

Inlet rake total-pressure-ratio profiles are presented in figure 24
for a Tlight®Mach ntmber of 0,63 and Yarious angleg. of attack,  Deteri-
oration-of-the flew profile“on the windward side..of. the inletis indi--
cated at an ariglé'of attack 't 90, ‘ g tdle

Inlet performance at zero flight Mach number with the aft cone
position is“présentéd in’figurs 25.° Mass-flow ratio is baged.on ambient .
pressure ‘and winimum fATet ‘area.  Prossure recoveries greater than 0,90 )
were ‘atbainablé only “at mass-flow ratios of less than 0.47 because of
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the vena-contracta effect. The gize of vena contracta is illustrated
by the leveling off of the mass-flow curve at ratios of about 0.71
compared with a theoretical ratio of unity. Therefore, minimum inlet
area would need to be increased by some technique such as "blow-in"
doors or the translating slotted cowling reported in reference 6,
unless the thrust loss associated with the low-pressure recoveries
could be tolerated for take-off.

SUMMARY OF RESULTS

The performance of scoop inlets was investigated over a range of
supersonic Mach numbers from 1.5 to 2.0 at angles of attack from 0°
to 12° as well as at subsonic Mach numbers of O and 0.63. The inlets
were mounted in a distorted flow on the fuselage of a proposed alrplane.
The inlets utilized half of a conical spike as the compression surface
and ram boundary-layer scoops. In order to simulate a variable-geometry
inlet, the semicone was investigated in two longitudinal positions.
Two types of splitter plates were used to separate the flow entering
the boundary-layer duct and the main inlet., The followlng results were
obtained:

1. A peak pressure recovery of 0.86 was attained for subcritical

operation at a flight Mach number of 2.0 (local Mach number of
about 1.83) and an angle of attack of 39 with complete removal of the
fuselage boundary layer forward of the inlet and the semicone in the

| forward position. Pressure recoveries of 0.95 were obtalned at a

| flight Mach number of 1.5 (local Mach number of 1.39). The inlet
captured practically all the local stream tube at a flight Mach number
of 2.0 and a pressure recovery of 0.83, but spilled about 12 percent of
the local stream tube at a flight Mach number of 1.5.

2. Translating the semicone to the aft position decreased the masgs-
flow spillage to 7 percent at a flight Mach number of 1.5 with no
gignificant change in pressure recovery. At flight Mach numbers of 1.9
and 2.0, the inlet operating range with the aft cone position was
severely limited by pulsing, and pressure recovery was substantially
reduced.

3. At a flight Mach number of 2.0, peak total-pressure recovery
varied from 0.88 to 0.70 over the angle-of-attack range of 0° to 12°,
At a flight Mach number of 1.5, inlet performance was relatively
insensitive to variations of angle of attack from 0° to 9°,

4. With a straight leading-edge splitter plate, the stable
subcritical range was 12 percent of the critical mass flow at a flight
Mach number of 2.0 and an angle of attack of 3° with cone in a forward
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position. Sweeping back the splitter-plate leading edge increased the
gtable subcritical range to 18 percent of the critical mass flow; peak
pressure recovery was not changed. The sweptback design also had a

larger stable subcritical range at angles of attack of 0°, 6°, and 99,

S. At a flight Mach number of 0.63 with the aft cone position, a
pressure recovery of 0.97 was attained for critical inlet flow. The
critical mass flow was only 91 percent of that theoretically possible.
Tests at zero Mach number indicated the existence of a large vena-
contracta effect at the inlet which limited pressure recoveries
greater than 0.90 to mass-flow ratios less than 0.47; thus, take-off
performance may be restricted unless some sort of auxiliary inlet is
used .

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio
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TABLE T - INLET FLOW APPROACH ANGLE B AND MACH NUMBER M,
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Figure 1.

£ ‘\

-y

Photograph of model with twin semicone inlets.
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Figure 3.

(C‘ Dimensions of redesigned

- Schematic drawings of che various inlets.

fA1]1 dimensions are in inches.)

inlet

(Sections are normal to fuselage.)
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(a) First inlet, scoop sides eliminated.

NACA
C-29270
(b) First inlet, scoop sides eliminated and canopy modified.
Figure 9. - Schlieren photographs comparing modifications of the first inlet at

flight Mach number of 2.0 and angle of attack of 52
number, 0.325.
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Figure 12. - Schlieren photograph of redesigned inlet at flight Mach number of 2.0 and
angle of attack of 3°. Diffuser-discharge Mach number, 0,283.
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Figure 16. - Diffuser-discharge local total-pressure contours for redesigned inlet with
straight splitter plate. View in plane normal to angle-of-attack axis looking aft.
Flight Mach number, 2.0; diffuser-discharge Mach number, 0.254; angle of attack, 30;
pressure recovery, 0.842. Forward cone position.
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Figure 21. - Starboard inlet total-pressure ratio rake profiles for
various angles of attack o and diffuser-discharge Mach numbers M,. %
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Figure 21. - Concluded. Starboard inlet total-pressure
ratio rake profiles for various angles of attack «
and diffuser-discharge Mach numbers M2.
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Figure 22, - Diffuser-discharge total-pressure contours for redesigned inlet
with straight splitter plate, View in plane normal to angle-of-attack axis
looking aft. Flight Mach number, 2,0; diffuser-discharge Mach number, 0.254.

Forward cone position,
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Figure 22, - Continued., Diffuser-discharge total-pressure contours for
redesigned inlet with straight splitter plate., View in plane normal to
angle-of-attack axis looking aft, Flight Mach number, 2.0; diffuser-
discharge Mach number, 0.254. Forward cone position,
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Figure 22. - Concluded. Diffuser-discharge total-pressure contours for
redesigned inlet with straight splitter plate. View in plane normal to

angle-of-attack axis looking aft.

Flight Mach number, 2,0; diffuser-

discharge Mach number, 0.254. Forward cone position,
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cone position.
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Figure 24. - Starboard inlet total-pressure ratio rake profiles for various
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