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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-107

A COMPARISON OF THE PERFORMANCE OF FOUR SIDE-MOUNTED
INLETS OVER A MACH NUMBER RANGE OF 0.88 TO 2.2
AND ANGLES OF ATTACK TO 140%

By Leroy L. Presley and William P, Peterson

SUMMARY

The performance of three external-compression inlets and one
internal-compression inlet was investigated experimentally at a Mach
number of 2.0 through an angle-of-attack range from 0° to 14°. The
external-compression inlets were as follows: a three-shock vertical-ramp
inlet, a two-shock vertical-ramp inlet with a flow-deflector plate, and
a three~shock horizontal~ramp inlet. The internal-compression inlet was
a circular axisyrmetric inlet with a translating centerbody. Each inlet
was side-mounted on the forward portion of a l/lO—scale model of a fuse-
lage large enough to accommodate four turbojet engines for operation at
Mach number 2.0. Fach inlet captured the required air flow for two
engines. ' :

Of the four investigated the internal-compression inlet with a
flow-deflector plate and the horizontal-ramp inlet had the best pressure-
recovery characteristics throughout the entire angle-of-attack range at
a Mach number of 2.0. The internal-compression inlet with flow-deflector
plate obtained a pressure recovery of 88.3 percent at an angle of attack
of 2° (zero inlet angle of attack), whereas the horizontal-ramp inlet
obtained 87.2 percent. The loss of pressure recovery at positive angles
of attack by the vertical-ramp and internal~compression inlets was greatly
reduced by a flow-deflector plate mounted above and forward of the inlet
entrance.

The drag of the internal-compression inlet with flow-deflector plate
was lower than that of any other inlet. The drag of the horizontal-ramp
inlet was less than that of the vertlcal-ramp inlets at angles of attack
greater than 3°.
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The horizontal-ramp and internal-compression inlets had suitable
pressure~recovery characteristics at Mach numbers below 2.0 but the
pressure recovery decreased sharply at Mach numbers above 2.0 at an
angle of attack of 20,

INTRODUCTION

A large number of studies have been made cohcerning the performance
of side inlets operating at Mach numbers near 2.0. However, most of these
studies have dealt with the performance of specific inlet-body combina-
tions which makes a comparison of the relative performance of various types
of inlets difficult because of dissimilarities in the flow fields about
the various bodies. The present study was initiated, therefore, to compare
the pressure recovery and drag of three external~compression inlets and one
internal~compression inlet mounted on the side of a given body. The body
in this case was a 1/10-scale model of the forward portion of a fuselage
large enough to accommodate four turbojet engines for operation at Mach
number 2.0. Fach of the side inlets supplied the required air flow for
two engines.

=Oo e

Of the three external-compression inlets, two had vertical compression
ramps located on the inboard side of the inlet. (The performance of simi-
lar inlets is reported in refs. 1,.2, 3, and 4.) The major difference
between the two vertical-ramp inlets was that one incorporated a flow-
deflector plate above and forward of the inlet entrance for the intended
purpose of improving the performance at angle of attack. The other
-external-compression inlet had a horizontal compression ramp located at
the top of the inlet. (Performance characteristics of a similar inlet are
given in ref. 5.) '

The internal-compression inlet was axisymmetric and had a translating
centerbody. The performance of an isolated inlet of this type has been
reported in references 6 and 7, but no data relating to its performance in
the presence of a forebody has been published previously. This inlet
incorporated flow-deflector plates mounted above and forward of the 1nlet
entrance for improved performance at angle of attack.

Boundary=-layer removal was incorporated on the compression surfaces
of all the inlets.

The investigation was conducted in the Ames 6- by 6-foot supersonic
wind tunnel at a Reynolds number of 2. 5x10° per foot. The Mach number was
varled from 0.88 to 2.2 and data were obtained for model angles of attack
from 0° to lho
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SYMBOLS
A cross-sectional area, sq in.
CD total drag coefficient based on maximum body cross-sectional
area - : ,
cq internal drag of bleed systems

H.R.P. horizontal reference plane

m mass-flow rate of air, slugs/sec
M Mach number
P static pressure, 1b/sq in.
JAN ' ’
Pt total-pressure distortion parameter, numerical difference between

ptav maximm and minimum rake total pressures divided by average
total pressure

S angle of attack, deg
o second-ramp angle, deg
Subscripts
b .total bleed
i inlet entrance
1 local value ’
L - left duct, viewed from rear
R | right duct, viewed from rear
t stagnation condition
av average
max maximum
min minimum
oy
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o0 free stream

1 compressor rake station

2 ramp bleed mass-flow measuring station for vertical-ramp inlets

3 mass-flow measuring station for horizontal-ramp inlet bleed
through ramp perforations

4 mass-flow measuring station for horizontal-ramp inlet bleed
through ramp slot

5 mass-flow measuring station for internal-compression inlet
centerbody bleed

8 mass-flow measuring station for internal-compression inlet
annulus bleed

7 mass-flow measuring station for gutter bypass air

8 ‘mass-flow measuring station for upper bypass of engine air

9 mass~flow measuring station for lower bypass of engine air

APPARATUS AND PROCEDURE

Model

The model investigated represented to a scale of 1 to 10 the forward
portion of a fuselage sized to accommodate four turbojet engines for oper-
ation at Mach number 2. The model had two side-mounted inlets, each
supplying air to two of the four turbojet engines. In the present tests,
however, the right inlet was faired over. All of the inlets tested were
separated from the fuselage by a boundary~layer diverter of sufficient
height to insure that none of the low-energy boundary-layer air entered
the inlet. At the nose of the diverter, a scoop was incorporated to
capture a mass of air approximately equal to 2 percent of the inlet mass
flow. All of the inlets were canted downward 2° with respect to the hori-
zontal reference plane of the fuselage. Photographs and schematic diagrams
of the model are shown in figures 1 through 8.

" The internal ductlng of the model is. shown schematically 1n figure 3.
From the inlet entrance the air flowed in a single duct until 1t was <
divided into two ducts at station 62.17. From’ this point, the air flowed
past the simulated engine compressor station and out the exit in two
separate channels. A movable throttling plug at the exit controlled the
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mass flow through-each duct. At station 55.98 air could be removed from
the single duct to simulate the engine air bypass that would be required
to match the main air supply with that demanded by the engines. Besides
the diverter scoop and the main duct bypass systems, a system was provided
to remove boundary-layer air from the compression surfaces of each of the
inlets. All auxiliary ducts discharged in the same plane as the main
inlet ducts but no control over their mass flow was provided.

Inlet Details

Four separate inlets were investigated; a three~shock vertical-ramp

inlet (basic inlet), a two-shock vertical-ramp inlet with a flow deflector
plate (hooded inlet), a three-shock horizontal-ramp inlet, and a circular
internal-compression inlet. Photographs of the four inlet models are
shown in figure 4. Details of the four inlets are given in figures 5,
6, T, and 8. Boundary-layer transition wires were attached to the model
(see figs. 1, 2, and 4) to insure that the transition point of the bound-
ary layer would be fixed. The size of the wire, 0.02-inch diameter, was
determined from reference 8. '

Three~shock vertical-ramp inlet (basic inlet) (figs. 4(a) and 5) .-
The three-shock vertical-ramp inlet, referred to hereafter as the basic
inlet, had a short first ramp, fixed at an angle of 6° with respect to
the inlet center line, and a variable second ramp, which for this test
was set at an angle of 12° with respect to the first ramp. The short first
ramp was used to provide a hinge fairing rather than a two-shock compres-
sion ramp. The internal area distribution is shown in figure 9. Boundary-
layer air could be removed from the surface of the second ramp through
holes drilled perpendicular to the surface.

Two-shock vertical-ramp inlet (hooded inlet) (figs. 4(b) and 6) .-
The two-shock vertical-ramp inlet, referred to as the hooded inlet,
differed from the basic inlet in that a flow-deflector plate was placed
in line with the top of the inlet to improve the performance at angle
of attack. As a result of adding the flow-deflector plate, the short
first compression ramp was replaced by a long splitter plate. This left
only one compression ramp which for this test was set at an angle of 18°
with respect to the inlet center line. The internal area distribution
of this inlet is shown in figure 9. The boundary-layer-removal system
was the same as for the basic inlet.

Three-shock horizontal-ramp inlet (figs. 4(c) and 7).- The three-
shock horizontal-ramp inlet, referred to as the horizontal-ramp inlet,
had a fixed first-ramp angle of 6O%with'respect to the horizontal refer-
ence plane and a variable second-ramp angle. The second-ramp angle was
varied by inserting ramps of fixed angle (0°, 6°, 9°, and 12° with
respect to the first ramp) into the inlet. The inlet also incorporated

e
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a removable side fairing on the inboard edge, as shown by the dotted line
at the front of the vertical section in figure 7. The internal area dis-
tributions of the inlet are shown in figure 10, .

~ The four boundary-layer-removal configurations investigated on this
inlet consisted of perforated surfaces and flush full-width slots in the
second-ramp surface (for details see fig. T(b)). The air from the porous
section was exhausted overboard through a converging~diverging nozzle at
an average angle of 27-1/20 with respect to the inlet center line, while
the air from the slot was exhausted through the boundary-layer-removal
duct.

Circular internal-compression inlet (figs. 4(a) and 8).- The circular
" internal-compression inlet, referred to as the internal~compression inlet,
had a centerbody which could be translated forward and rearward to vary
. the internal area distribution as shown in figure 11, With the centerbody
fully retracted the contraction ratio Amin/Ai was 0365. Other design

and operation principles for this type of inlet are discussed in refer-
ences 6 and 7.

Boundary-~layer air was removed from both the annulus and centerbody
surfaces, The air removed from the annulus surface was exhausted over-
board through a converging-diverging nozzle at an average angle of 27-1/20
with respect to the inlet center line., The holes in the annulus employed
simple check valves to allow the air to flow in only one direction (see
fig. 8(a)). Figure 8(b) shows the three boundary-layer-removal config-
urations that were used on the centerbody. They were (1) seven rows of
holes drilled perpendicular to the centerbody center line, (2) a flush
slot, and (3) a forward facing scoop. In each configuration the air
traveled down the centerbody sting, through the cruciform supports and
out the boundary-layer-removal duct (see fig. 3). The relative position
of the various boundary-layer-removal systems for various centerbody posi-
tions is shown on the area distribution curves in figure 11,

To improve the performance of the inlet at angle of attack, four
flow-diverter plates were tested as shown in figure 8(c). The plates
were located above and ahead of the inlet entrance and were designed so
that at M, = 2.0 and with the inlet at 00 angle of attack the Mach lines
‘emanating from the plate leading edge enveloped most of the inlet entrance.
(The focal point of the Mach lines was assumed to lie.on a line through the
center of curvature of the plates.) The height of .the gap between the.
bottom surface of the plate and the top of the inlet was made 0.25 inch
-to prevent the boundary layer of the plate from entering the inlet,

T
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. Instrumentation

The model was sting mounted in the tunnel and the normal and chordwise
forces acting on the forebody were measured with a strain-gage balance.
The shroud and throttling plug mechanism were mounted on the sting and
therefore did not affect the forces indicated by the balance. The shroud
was cantilevered forward over the afterbody to prevent air from impinging
on the model base and ducting except for the amount that could pass through
the small gap between the body and shroud at the shroud junction.

The following instrumentation was used to measure steady-state
pressures: a boundary-layer survey rake (located at station 30.57) was
mounted on the right side of the fuselage ahead of the closed dummy inlet;
static and total-pressure rakes (shown in fig. 12) were located at station
66.67 (simulated engine compressor station) and 86.97 in each of the two
main ducts; a static orifice and a total pressure tube were located in
each of the auxiliary ducts at station 85.17 and in the case of the
horizontal-ramp inlet and internal-compression inlet, static-pressure
orifices and total-pressure rakes were placed in the boundary-layer-
removal exhaust nozzles. The base pressure on the forebody was measured
by static-pressure orifices located around the base area.

A1l pressure tubes were comnected to mercury-fluid multimanometers
and the manometer readings were recorded photographically. In the case
of the main duct rakes located at stations 66.67 and 86.97 integrating
pressure cells were used in conjunction with automatic recording and
computing equipment to obtain average values of the static and total
pressures. ' -

A bonded strain-gage pressure transducer for sensing dynamic pressure
fluctuations was placed in the model at station 65.17. This transducer
was mounted with its diaphragm flush with the wall of the duct and had a
resonant frequency of 5000 cycles per second. The output signal from the

transducer was recorded on magnetic tape.
|

Data Reduction

.The total pressure in each duct at the simulated compressor station
was based on an area-weighted average of the 30 total-pressure readings
at station 66.67. The average total-pressure recovery of the inlet was
computed as the arithmetic average of the pressure recoveries in the two
main ducts.

The mass-flow ratio of the main ducts was found from the continuity
equation using values of p/pt and. Py measured at the exit rake at
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station 86.97 and a calibration factor determined during the test. The
exit rake was used because it indicated near pipe flow velocity profiles
in the ducts for all test conditions. The calibration factor was found
by operating the internal-compression inlet supercritically. (For this
condition the inlet captures a stream tube equal in area to the inlet
entrance area, thus insuring .a mass-flow ratio of unity. The total-
pressure loss at the model nose was not accounted for however.) The
mass-flow ratios of the auxiliary ducts and exhaust nozzles were deter-
mined from measured values of p/pt and py and a calibration factor
obtained from static bench tests.

The internal momentum loss of the main duct flow was subtracted
from the net drag force to obtain the external drag of the model. The
losses of the boundary-layer-removal systems and gutter-bleed system were
charged against the inlet system by not correcting the force measurements
for their momentum losses.

The dynamic pressure fluctuations which were recorded on magnetic
tape during the test were analyzed on a spectrum analyzer. From this
analysis the root mean pressure fluctuations and predominant frequency
of the oscillations were obtained.

RESULTS AND DISCUSSION

A1l the data obtained in this investigation are presented in tabular
form in table I. Some of these data have been summarized in figures 13
to 22 for discussion purposes. The major portion of the discussion is
devoted to the performance of the four inlets at M = 2.0 through the
angle-of-attack range of 0° to 14°. The performance of the horizontal-
ramp and internal-compression inlets at Mach numbers ranging from 0.88
to 2.2 at an angle of attack of 2° will also be discussed.

Performance at M, = 2.0

Pressure recovery.- The pressure recovery of an inlet which is
mounted on the side of a fuselage is dependent upon the properties of
the flow field around the forebody. This forebody has two primary effects
upon the flow field at the inlet entrance. First, at supersonic speeds,
the available energy is decreased because of the presence of the shock
wave at the model nose.. Secondly, a boundary layer is built up along the
forebody which represents an additional loss in total pressure. " To over-
come the second adverse effect, all of the inlets were separated from the
side of the fuselage by a boundary-layer diverter, as discussed previously.
It was confirmed from the boundary-layer profiles shown in figure 13 and
schlieren observations that the extreme low-energy portions of the boundary
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layer did not enter any of the inlets. The loss in total pressure due to
the forebody is also shown in figure 13 and is seen to be from 3 to 6 per-

-cent outside of the boundary layer for the entire angle-of-attack range

investigated.

The best total-pressure recovery obtained by each of the four inlets
is summarized in figure 1&4t and is discussed in detail in the following
Paragraphs.

Basic inlet: The basic inlet obtained a maximum pressure recovery
of 82.8 percent at an airplane angle of attack of 2° which corresponds
to zero inlet angle of attack. This pressure recovery is low compared to
that of other three-shock vertical-ramp inlets (refs. 1, 2, and 3) and can
be attributed to the design shock structure. The relative locations of
the first and second ramps were such that the two oblique shocks generated
by these two ramps intersected only a short distance from the ramp surfaces,
This had the effect of giving the inlet operating characteristics that
would be more closely associated with a single-ramp inlet having a deflec-
tion angle of 18° (6° first ramp and 12° second ramp).

The basic inlet is seen to be fairly insensitive to variations of
angle of attack to 6° in that the pressure recovery was within 1 percent
of the value at 2° angle of attack. However, above a = 6°, the pressure
recovery decreased sharply to a value of 67 percent at 14° angle of attack.
This variation of pressure recovery with angle of attack is typical for
inlets of this type in this speed range (see refs. 1, 2, and 3).

Hooded inlet: The hooded inlet, because of simjlarities in shock
Structure and internal contours, was .expected to obtain a pressure recovery
near that of the basic inlet but fell far short, obtaining a pressure
recovery of only T70.3 percent at an angle of attack of 2° (see fig. 14).
The poor pressure recovery of the hooded inlet is believed to be due to
interaction of the shock wave of the compression ramp and the boundary
layer of the splitter plate. Also, since no provision was made to prevent.
the boundary layer of the flow-deflector plate from entering the inlet,
the oblique and normal shocks of the compression process would probably
interact unfavorably with the boundary layer of the flow-deflector plate.

The characteristics at angle of attack of the hooded inlet were,
however, favorable. The pressure recovery increased from 70.3 percent
at a = 2° to 80.8 percent at « = 10°. These results indicate that
the horizontal-flow deflector plate is effective in improving the per-
formance at angle of attack of an inlet of this type. The sharp decrease
in pressure recovery above an angle of attack of 10° is due to detachment
of the oblique shock wave from the compression ramp.

Horizontal-ramp .inlet: The horizontal-ramp inlet operating with
bleed system No. 1 (shown in fig. T(b)) and the sharply swept side

v{;, S,
CONFID



R I I S R N A
.:.o:: !C DEM o o060 as (X} oo

10 ’ .

splitter plate,l obtained a maximum pressure recovery of. 84.L percent

at an angle of attack of 2° (see fig. 14). This value was believed to
__be considerably below the potential of the inlet since the pressure
recovery from the shock structure alone would be near 96 percent. There-
fore a secondary investigation was conducted to determine the effect of
variations in the bleed system upon the pressure recovery of the inlet.
The first step was to decrease the amount of air removed from the forward
part of the second ramp since it was speculated that removal of air at
this location could have the effect of decreasing the turning angle felt
by the air and thus decreasing the pressure recovery. The results of this
investigation are shown in figure 15. It is seen that decreasing the mass
flow through the forward opening from 1.1 percent of the inlet mass flow
(bleed system No. 1) to 0.4 percent (bleed system No. 2), to O (bleed
system No. 3), by decreasing the number of holes as shown in figure 7(b),
increased the peak pressure recovery from 84.L to 8T to 87.2 percent.

(The mass flow through the rear slot was held constant at 2.2 percent of
the inlet mass flow while this was being done.) The mass flow through
the rear slot was then increased to. 3 percent (bleed system No. 4), by
widening the slot (see fig. T(b) and ref. 9) with the forward bleed sealed,
with the result that the pressure recovery was decreased from 87.2 percent
to 84.8 percent. From the data obtained, it appears that there is an opti-
mum bleed configuration. Bleed on the forward ramps has the effect of
decreasing the effective ramp angle while too much bleed in the throat
decreased the effective internal contraction.

O v

For the operation of a horizontal-ramp inlet at positive angles of
attack, the second ramp deflection angle must be varied to obtain a shock
structure conducive to high pressure recovery. The pressure recovery
with bleed system No. 1 for various second-ramp deflection angles is
shown in figure 16 as a function of angle of attack. The operating enve-
‘lope for the angle-of-attack range would entail a schedule of the second-
ramp deflection angle that would yield maximum pressure recovery at any
given angle of attack. Such an operating envelope for this inlet is
shown in figure 14t. The highest pressure recovery of 87.9 percent was
obtained at an angle of attack of Lo where, as shown in reference 10,
the combination of ramp deflection angles is . nearest the theoretical
optimum for a Mach number of 2.0. The variation in pressure recovery
throughout -the entire angle—of—attack range is seen to be within %5 per-
cent of the value at 2° angle of attack, thus-making this inlet attractive
from the standpoint of high-pressure-recovery characterlstlcs at angle of
attack. ‘

Intérnal-compress10n inlet: The 1nternal-compress1on inlet obtained
a maximum pressure recovery of 88.3 percent at 2° angle of attack (see

1Tests were also conducted with a less swept side splitter plate
similar to that used with the hooded inlet. Data from these tests are
not presented because there was essentially no effect on side-plate sweep
on pressure recovery for the horizontal-ramp inlet.
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flg. 14) with a bleed system consisting of a ram scoop on the centerbody
and 9 rows of holes on the annulus (see figs. 8(a) and (b)). The pressure
recovery obtained with various bleed systems on the centerbody with an
identical annulus bleed system is shown in figure 17. The lack of any
significant difference in the pressure recovery obtained by the various
bleed systems is believed to be due to the limited mass flow that could
be removed through the centerbody support stlng.

The pressure recovery of the 1nternal—compression inlet was found
to be very sensitive to changes in angle of attack as shown in figure 18.
However, figure 18 also shows that the addition of a flow-deflector plate
above and forward of the inlet entrance is an effective method of improv-
ing the pressure recovery at angle of attack of this type of inlet (see
also ref. 7). . The best pressure recovery was obtained with the sharply
downward curved flow-deflector plate (fig. 8(c), plate No. 1), and these
data were used in the inlet comparison shown in figure 14. The pressure
recovery with this plate varied only -5 percent from the o = 2° value
for the entire angle-of-attack range. Since all of the configurations
should obtain the same pressure recovery at 2° angle of attack, the scatter
shown is to a certain extent an indication of the repeatablllty of data
for this inlet.

From the previous discussion, it can be seen that the internal-
compression inlet with a flow-deflector plate and the horizontal-ramp
inlet had good pressure-recovery characteristics throughout the entire
angle~of-attack range. The flow-deflector plates on the internal-~
compression inlet and on the vertical-ramp inlet were found to be effec-
tive in improving the performance of inlets which were otherwise sensitive
to angle of attack. '

Total-pressure distortion.- The total—pressure distortion parameter,
(Apy/ptay) (shown in fig. 19), at the body station corresponding to the
entrance to the jet engine.compressor was less than 0.13 for all inlets
for the pressure recoveries shown in figure 14. The variation of distor-
tion with angle of attack is seen to be erratic for all of the inlets with
little evidence of any general trends. The difference in distortion
between the two ducts is seen to be small.

A\

. Total drag.- The total drag coefficients of. the foﬁr inlet-body
combinations for the pressure recoveries shown in figure 1k are given in
figure 20 as functions of angle of attack. Comparisons of the drag'bf
the various inlets can best be.seen in figure 21 where the difference in
‘drag coefficient. of each inlet.from that of the, ba81c 1nlet is given as
a function of -angle of attack. It should be mentioned’ that the drag of
the basic inlét-is high because of & large spillage drag. This occurred
because the inlet operated at critical mass-flow ratios -less. than 0.80
as a result of "its having 1nternal contraction in excess of the maximum
allowable for startlng. : e : :
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The hooded inlet had a lower drag coefficient than the basic inlet
for angles of attack up to 7° but became greater at angles of attack:
above 7°. The difference in drag between this inlet and the ba31c inlet
is due to differences in wave and spillage drag.

The drag coefficient of the horizontal-ramp inlet was comparable to
that of the basic inlet at angles of attack of 0° and 2°, but less than
that of the basic inlet at angles of attack above 29, This inlet had
-higher wave drag than the basic inlet, thus indicating that the decrease
1in drag with angle of attack was due to the reduction of the spillage drag.

_ Of the inlets considered in figure 20 the drag coefficient of the
internal-compression inlet with flow deflector is seen to be the lowest
throughout the angle-of-attack range. The drag of this inlet without the
flow-deflector plate up to angles of attack of approximately 8° is purely
due to friction and wave drag since the inlet was operating at mass-flow
ratio of unity. The increment of wave drag due to the addition of the-
flow-deflector plate was from 5 to 10 percent over that of the inlet alone
(see tabulated data).

Inlet instability.- A comprehensive and systematic investigation of
inlet instability was believed to be beyond the scope of this investiga-
tion, although data were taken at typical points where instability occur-
red. These operating conditions usually occurred when the external-
compression inlets were operating-at low mass-flow ratios (m/moo ~ 0.5)
or when the internal-compression inlet had regurgitated the terminal shock
and the centerbody was being translated forward to start the inlet. Typi-
cal values of the root mean square of the static-pressure fluctuations
assoc1ated with instability were 0,04k pt for the basic inlet,

0.128 Pt for the hooded and horlzontal-ramp 1nlets, and 0.115 Pt
for the 1nternal—compre551on inlet., The peak pressure fluctuations
occurred at a predominant frequency between 40 and 43 cycles per second
for the external-compression inlets and near 32 cps for the internal-
compression inlet. These data were taken at o = 29, and were measured
at station 65.17. :

Off-Design Charactéristics

Only the horizontal ramp and the 1nternal—compression inlets were
tested at Mach number other than 2.0 (0.88 < M, < 2.2). The pressure
recoveries obtained with these inlets are shown in figure 22 for an angle
of attack of 2°.

The horlzontal—ramp inlet yields suitable performance at Mach numbers
of 2.0, 1.60,and 0.88 by decreasing the second-ramp angle from 12° to 6°
to QO, respectlvely The pressure recovery decreased at a Mach number
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of 2.2 since the maximum second ramp deflection angle was 12° which is
too low for this Mach number.

The pressure recovery of the internal-compression inlet with flow
deflector plate No. 4 was satisfactory at Mach numbers of 2.0, 1.85,
and 0.88. For suitable performance at Mach numbers below 2.0, the center-
body of the internal-compression inlet must be translated forward to
obtain contraction ratios which are compatible with the lower Mach numbers.
The pressure recovery decreased at Mach numbers above 2.0 since the inlet
reached its maximum contraction ratio near M, = 2.05, thus no further
internal contour changes could be made. (

SUMMARY OF RESULTS

The performance of three external-compression and one internal-
compression inlets was investigated at a Mach number of 2.0 and angles
of attack to 14°. The performance of the internal-compression and of
one of the external-compression inlets (three-shock horizontal-ramp inlet)
was investigated at Mach numbers from 0.88 to 2.2 at an angle of attack of
20, Each inlet was mounted individually on the side of a common fuselage.
The results of the investigation were as follows:

1. Of all the inlets tested at a Mach number of 2, the internal-
compression inlet obtained the highest pressure recovery at an angle of
attack of 2°, This inlet with a flow-deflector plate also obtained the
highest pressure recovery of all the inlets throughout the entire angle-
of-attack range. Of the external-compression inlets tested, the
horizontal-ramp inlet had the highest pressure récovery.

2, TFor all the inlets tested, the total-pressure distortion at the
compressor rake station was less than 12 percent throughout the entire
angle-of-attack range at a Mach number of 2.0, The difference in distor-
tion between the two engine ducts which were supplied by one inlet was
generally low,

3. The drag of the internal-compression inlet with flow-deflector
plate was the lowest of all the inlets tested at a Mach number of 2.0.
The drag of the horizontal-ramp inlet was less than that of the two
vertical-ramp inlets at angles of attack greater than 3°.°
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4, The pressure recovery of both the internal-compression and
horizontal-ramp inlets, which were M= 2,0 designs, remained high at
Mach numbers less than 2.0, but decreased sharply at Mach numbers greater
than 2.0, : ) .

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Aug. 11, 1959
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TABLE I.- PERFORMANCE OF INIET CONFIGURATIONS

cosoe
L

(a) Three-shock vertical ramp inlet (basic inlet)

2, @ GG, (G2, |G| = |7 | =
o — e — —_— —_— m——= — <, &,
Yo de <"”>L R 1| R L Pearrl (% | e 4 %
2.029|0  [.h3ks 0.%201] --- 10,7691 ]0.10071 | 0.1%36 }0.1381}0.011}0.019}0.0018}0.0036
Jh298| b1 {o.8195 | L1975 .0927 .0927 | .1378| .010[ .019| .0018| .0036
.38811 .37 .8201 | .8053 .0518 L06% | .k27i .010] .023| .0018| .0039
.3588] .3532| .822k | .Book L0316 0500 | .15221 .010} .028] .0018] .00ko
.3284] .3334| .Ba78 | 7975 024k | L0276 | 1609 .010] .030| .0018| .cok1
.3125) .3107) (1921 | 7806 0328 | .0288 | .1638] .010f .031} .0017| .ooWL
Js63| Jk2s4| L7972 | L7543 .1k23 \1332 { .13k o1y .oa7f .o0l7| .0032
2.01812.02] .4398| .4260} .B005 | .7510 —— —- | 357] .010] .07} .0018] .0035
JLeBs| Lh22h) (8207 | .8020 1077 099 | .1ko5| .009] .021] .0018} .0038
JLosTl Lhos8] L8329 | L8156 L0726 | .07% | .1442| .009| .o24| .0018 .0039
.3812f .3898] .8342 | .8201 20587 | .0682 | .1513| .009] .025| .0018f .00
N .3578} 36271 .8291 | .B185 .0373 .088 } 1603} .009] .029f .0018} .cok1
.2910{ .2945( .8207 | .8168 L0243 0239 | .1782} .010| .03k .0018f .ookL
.2521| .2676| .8086 | .8066 L0216 L0192 | .1903| .010| .038| .0018{ .oobk1
. . L8009 | L7975 .0218 0188 2048 .010| .038| .0018] .0oko
43661 L4319 8161 | .T991 L1108 1007 1398 .0io] .022| .0018] 0038
2.,026}6.01| .hk3y| .hag1] .7875 | .7382 1986 J1476 | .1sohk{ .o11f .o017] .0029] .0035
JBhsTL k1361 L8308 [ LTTST L1413 L1108 [ .1917f .01} .017] .0019} .0036
k1261 (3990} .8321 | (7917 L0798 | .08k5 | 1969} (0120 .o22] .0029f .0039
3923t .3735| .8k26 { .8037 .0k86 L0625 | .eol2| 011§ .025( .0019| .ooky
35850 .3534( .8413 | .8107 | .0350 | .0368 [ .2126| .o11| .028] .0019{ .o0L1
.3275{ .3301| .83k6 | .8107 0293 .0308 | .2213} .o11{ .030] .0019{ .o0L2
2786 L7938 | 7806 oklo o345 | .2327§ .on1] .o3f .0019| .cok2
2.02k m.cx{ Jao1| .3587F L7333 | L6406 .1k03 .mﬁg .3128] .on1f .019| .0019| .0037
JXo79t .3752) LTE9 | .6907 .10k5 Nl .3130]- .011} .020] .0019| .0038
.3665] .3k95{ 7589 | .7069 | .0738 | .0636 [ .3162( .011| .021| .00I9| .0039
32951 .33%6| .7336 | L7201 | .0681 [ .03k | .3219( .011} .o2k| .o019| .ooko
.2948] .3000| .7202 | .7118 051k L0351 | .3312| .011} .026) .001S| .oOM1
2531 .2649( 7285 | .7019 .87 | ,0320 | .346k| .0L1] .028f .0019| .00k2
2.020 [13.99 .3647| .3433] .6835 | .61k9 L1170 .0878 | .47381 .oo8 .o19) .0013| .0037
3495} .3216{ 7017 { .629% 1075 WOT70 | 47841 L005( .021] .0014{ .0039
3311} .3126| .6046 ] .6%39 21065 L0675 | 4800} OO .023] .0013) .00k
2794 .28a7] 6717 | 6561 | .0901 | .o541 | .bo2k! ooy} .oek| .0013{ .ooko
.25091 .2611) 6556 | L6501 L0862 | (0512 | .5050{ 004 .026( .0013| .0OkL
.210) 22481 L6461 | L6475 1 0696 | L0332 ) .5130] .o04f .027] .0013] .ook1
21792 .1961| 6347 | 6347 L0528 | L0252 | .5211| .00k .028| .0013| .cok2
L16811 L1817 .6397 | .6k62 W0k 1 L0201 | .5218{ .00k{ .028{ .0013{ .00k2
e




IAL

TABLE I.- PERFORMANCE .OF INLET CONFIGURATIONS -
(b) Two-shock vertical ramp inlet (hooded inlet)

Continued

am_(%)@)(‘ﬁ) "tx(“ By | me .
% lack (“\)L R A 2 | \Pee, Ptar/L | |&= [, ] ‘4
2.02k 0 0.3573 |0.3866[0.6030 |0.6282 ]0.1015 | 0.1267
hooB| .3624| 670k | L6154 .1106 E
.3B41] .36k2) .6838 | .6515 .083h
.3246) .3293} .6670 | .6368 | .o78k
.3016] .3136) .6369 | .6187 o782
.2467| .2603| .6218 | :6089 L0696
2191 .241f 6053 | .59TT | 0560
2.026|2.00| .b1k1| .3782} .69%2 | .6305 ..1291
-3931| .3759f .7193 | .6699 0990
.3696| .3501} .7261 | .6798 | .OTTS
L3016 .3130) 67kl | .6453 o702
2479 L2735} 6456 | 6256 L0610
2271 T2t .6338 { L61Th 053k
1972 L1933} 6322 6157 Ol
2.0236.00 | .Mabk2| (3959} .T723 ] .6995 | .1310 | .
-3938( .3880[ .7881 | .7290 | .0923 | .085
34181 .3553} 7902 | .7h09 |..0586 .
-2596| .3023} 7247 | .6998 | .0578 | .
.2517| .2706) .7076 | .6863 L0549 B
.1885| .2230| .6895 | .6752 .0uh8 B
2.023|10.0q .bokg | kokg| 7344 | 6781 J1k2h L1123 | .3069 |.012) .023 |.0019| .00ko
Jogh | 39831 .7868 | L7343 | .11k0 | L0950 | .3097 |.012] .02k |.0019[ .00k
.3923] .3981) .8208 | .7393 |..0881 'f l.0880 | .3127 }.012) .026 1.0019| .0041
3413 L3691 .83k | 7823 | .0508 | ,0688 { .324h [.012} .028 |.00129| .00k2
3056 .3223} .8250 | .7832 | .o453 | .0483 | .3339 |.012| .030 |.0019| .o0k2
.2613] .2943} .8053 | .7803 .0439 .0319 | .3h9% | .012} .031 |.0019 | .00k2
20571 .2b83} L7767 | L7590 | .0353 0250 | .3682 |.012| .032 |.0018 | .c0k2
.1999| 2008} .7600 | 7458 |'.03h1 0187 | .3833 J.012} ,032-[.0019 | .00k2
2.028[14.09 .3938] .3959| .7029 | 6670 |..1113 L0978 | .4862 |.009| .023 |.0017| .c0ko
“1.3913]. .kooo L7533 [-.7262 | L1025 | .0793 | .h89% |.008|-023 |.0017| .00k
. .3805| .3828( .7868 | .7hk2 .0830 L0730 | .4892 |.008 | .025 |.0017 | .00kO
32931 3b93) a7 | L7376 ) .o1i0 | L0527 | 5035 |.008] 026 10017 ook
.28821 .3050| .768% | .7360 Ko .ok13 | .5038 [.008 | .026 |.0018 | .00k1
2285 27881 .7533 | .7425 0357 L0228 | .5277 |.006 | .029 [.0015 | .o0k2
LAT65 ) L2662 (Thi | LThOY o221 .0175 | .5382 [.007 | -032 }.0016 | (0042
15h0 | .1827] .T516 | .ThO9 0199 .0101 |..5591 }.006 | .037 }.0015 | .00k2

17



18

TABLE T.--PERFORMANCE OF  INLET CONFIGURATIONS - Continued
(¢) Three-shock horizontal ramp inlet
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TABLE I.- PERFORMANCE OF INLET CONFIGURATIONS - Continued
-~ Continued "

*7(c) “Three-shock horizontal raip in

let
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3473 | .3685|- 7608 | .7417) .o05016 | .obkog| .1654| .orr| .oz7j .017 .0015| .o0koj t.0020 | |
.2965 | .3029| .7525| .7352] .ok3u8 | .oumro| .1810| .or2| .025| .015 .0015| .o0ko| .0019| W
2.018| h.os5] 6 1 5066 | .4732| 8138 .7388¢ .1%o1 | .12b7 | .1652| .009| .o20f .017] of o] .ooir| .0035| .0020} 0 | O
. . 5184 | .h7o1| .Blog| .77uk| .12k9 | L1094 | . 008 .o19f .017 .00i1| .00
802 | .u721| 8526 .Biéo| .o78l .05h00| .1626{ .008| .030) .017 .0006 | .o0k1
287} 4267|8355 .B165| .ougk6 { .obhzo| .1712) .o11| .o3n] .018 .0018 | .00L1
WL035) 5 .4016) .82091 .7989| .ouheB | .obhé6| .1765% .o11| .030| .07 .0018 | ookl
+3287| .3259| 7959 .T7h4| .obk2l | .03839( .1997} .013| .028}f .017 L0016 | .00LL
2.015| 6.05| 6 1 5289 | .uBB9| .82k2] .7352| .1864 | .1388 | .1964| .oco9! .025| .018| of rof .oo15| :0039| .0021| 0 | ©
A, 5355 .ot0] 85431 L7891 | .133k .1036 1909 | .009| .o2k}p .018 L0015 | .0039| .0020
..4B99 | .4726| .8810] .8349| .08943 | .o9436| .1951| .010| .034| .018 .0019 | .0041| .0020
bk ) k3851 .8655| .8263] .o7hul | .08393] .e023| .o12| .036| .019 .0018 | .ook1| .oo20
i 4253 .4255| .8522| .8181] .06337 | .o70B2f .2056| .o12) .03k| .018 .0017| .o0k1| .oco20
.3564 | .3698] .8309 .8006 307 | .05569] .2238| .013| .033( .08 .0015 | .ook1|  .0020
62931 .7237{ .8226) .7989{ .ou277 | .QLLEE —— 1,0k .03k} .08 001k | Lookr! o020
2.012{10.05] 6} .1 .5293 | .kBg9{ .B126( .7385| .1720 | .1322 § .2784| .o10} .036] .019} o o] .oolgf .oos1] .c0;2} o0 | 0
| 4886 | .u726| .6638| .B03h | .1078 | .2628 | .2ok3| .013) .038] .019 .0016 .0019
4509 | .u287| .B522| .7969| .0860 | .137% | .3027| .016) .039] .018 oo 0020
.3933| .3841| .8uu3| .8055 .0528 20800 t .3130( .017{ .039f .o12 0008 0016
.3071| .3283| .B209| .7957| .0260 | .ohg2 | .3284( .o19} .oMO} .015 0006 0020
.2330| .2635| .7975| .7859| .0130 | .0208 | .3507{ .0e0| .ob0| .017 000k 0020
.2248 | .2083| .8055] .7887| .0123 | .0195 | .3656) .020| .039| .017 .0003 0021
2.015 | 100 6 1 46031 b7l .7575) 7058 1220 | .aom | .k638) .oa2| .035| .ox4) of o] .ooa5| .ookr| .co22] o0 | o
. 4583 | .b479] .7BTL| .7789| .o9hk | .oT4k | .4633{ .013| .036| .om 0016 [ .ook2( .oo17
. 41701 k20| .7821| .790h | .0665 | .0677 | .u&Bg| .015| .036} .on .0013| .ook2| .o019
J3B13t .kosof L7738 .7953| .oM16 | .0616 | .u7hS| .016] .036] .012 L0010} .00k2| .0020°
3357 .357%| .T705| .7953] .0392 | .ot30 | .Ay72| .018| .036} .013 0007 | .00k2| .0020
i .2%60| .3008| .7675| .78h2) .037h | .0386 | .u876| .c18] .03} .00k .0005 | .ook2| .o021
: 2590 | .2618| 1721 .7593| .0321 | .0326 25013 | .020f .035| .015 .0008 { .ook2! ..0021
(1832 .2028| .7672| .7593| .0296 | .olok { .5180| .o21| .035| .015 .0002] .oou2{ .o02l
2.0ik| o [ 1 4626 | 41931 .7398) .6766| .1319 | .1036 | .1ko5| .003| .o22| .oxs| o] o .oo0o5| .0027] .0021{ 0 | o
. g7 | 4268 .7209| .6185| .248k | .1861 | .1bo7| .o0k| .or0) .007 000k [ .0023] .0020
8761 L4205} .TWES| 6386 .1843 | .1215 | .137h{ .003| .010| .17 .0003 [ .oo2k| .o020
b -.h3h6) .7ee9| 724k | L0796 | .0553 -1 .006| .028] .006 .0009| .0036( .0020
. Los | LkokO| L7199 L7297 L0716, | .OMBT kg .009| .022| .017 . 0010 .0038| .0020
. . 3155 .3Bus| .m32|. 7165 .0632 0503 | .1483|. .010] .021] .016 . .o0011] .0038 .0020
2793} ..W89| .6859| .6865| .0372 [bo7| 2] .021§ . .01k L00Lh | .0037.
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TABIE T.- PERFORMANCE OF INLET CONFIGURATIONS =~ Continued
(c) Three~-shock horizontal ramp inlet - Continued

Raxp )
s, | 8, 'ty (:"h) my m | me | m
Mo deg | deg c;:;;:_ C:a. L [\Ptavw/R Cp T a I % = “d;,A €dy Cdy Cdy g
2.019] 2.00] © 1 0.2542 ]0.1933 | 0.1506 | 0.005 | 0.011 [0.016 4 o ]0.0007 {0.0026 |0.0021 [+] o
L1190 . .1363 | 004 | .012 | .016 .0007 | .0028 [ .0019
091k 0669 bkl | 006 | .018 | .016 L0011 } .0036 | .0020
L0620 | .o482 | -.1L89| .009 | .o24 | .017 .0013 | .00%0 | .0020
0643 0422 .1519 | 010 | .025 | 01T .0015 | .00%k0 | .0020
.0538 |..ob23 | .as571| .o11| .023| .017 0016 | .0038 | .0020
B JOlhT 0423 Ja692 ] .omx| .023 | .016 L0017 | .0039 | .0020
.0398 | .0366 | .18%6| .o12| .02% ] .015 .0016 | .0039 | .0020
2.013| k.00[ © .31k | L2056 | .1632 | .009 | .018 | .017 [ o | .0013| .003% | 0022 | ‘0 [}
L0823 | .o89% | .1596 | .006( .ox7 | .o27 .0010 | .0035 | .0020
0713 008 ] .024 | 017 .0013 | .0039 | .0020
0655 010 | 026 .018 .0017 | .00%0 | .0020
0536 o1 | .o30 | 017 .0018 | .ook2 | .0020
.0360 012 .029 | Q16 .0017 { .00%2 | .0020
0266 013 | .02 | .016 .0015 | .00%L | .0020
2.013| .6.05} © 3 21330 .009| .020) 0187 © O | 001k .0OMh | .oo21 [ o
1218 .007 | .015| .018 20015 | .0030 | .0020
0660 .010 [ .026 | .019 .0018 { L0040 { .0020
.0593 on | .028 | .019 .0019 | .00ko | .0020
L0534 012 | 028 .08 .0019 | .00k1 | .0020
*.0377 013 .028 | .018 .0017 | .0041 | .0020
0252 .15 | .03 | .017 .0013 | .0041 | .0020
2.012{ 9.95| © 1 1664 009 | .026 | .019 [ o | .0007| .00ko | 0021 | ‘0 [
. 13t .008 | .027} .019 L0017 | .00ko | .0020
0856 .00 | .032{ .019 0022 | .00k2 | .0020
.0770 012 | .03 | .09 .0020 | .00k2 | .0020
0719 .016 | .038 | .018 .0013 | .ook1 | .o019
.0k82 .018 [ .038 | .007 .0007 | .o0u1 | .o0l2
0277 .019 | .038 | .o1L L0005 | .0041 | .0019
0154 020 | .03 | .015 .0003 | .00M1 | .0021
0141 .02l | .037 | .015 .0002 | .ook1 | .0021
2.018 | 14.05] © 1 L1495 L0} .032 | .oa2 [} [¢] L0020 | .00k2 | .0022 ] -0
1160 .010 [ .032 | .009 .0021 0017
L0787 L0151} .035 } 007 L0012 .0015
Holse 0181 .035 1 .009 .0008 .0018
0437 .020] .03% ) .012 000k L0020
0439 .022| .032| .015 0009 .0021
.0203 0221 .032 | .015 .0009 0021
2.018| .o5| 12 1 .37113 016 ] .08 | .013| .057 | .030 | .0002 | .0034 [ .o02L | .0025 | .0016
2169 008 | .or7f .018| .05 | .035 | .0003 | .0032 | .0020 | .0025 | .0015
.150k 007! .or7} .ou7| .063 | .oko | .o00k | .0032 [ .0020 | .002k | .oO1%
0801 008 | .020} .007 | .O70 | .0 | .0005{ .0037 | .0020 | .0023 | .00L2
L0659 .009] .025 | .017 | .073 | .049 { .0008 | .0039 | :0020 | .0023 | .0012
2.018 | 2.00| 12 1 .3186 -— | .023 — J— J— — 0037 — _— _—
1670 009 | .021 | .016 | .062 | .0%0 | .0011 | .0036 [ .0020 | .0025 | .oOLE
.0960 .009 | .02t .016 | .072 | 0487 .0011 | .0036 .0023 | .0013
0659 00| .028 | .27 | .o77 | 051 | .0012 | .0039 .0022 | .0012
.05232 .ol | .032 | .o27| .076 | .052 | .0016 [ .00R0 .0022 | .0012
oh18y .o | .032 | .oa7| .075 | -051 | .0019 [ .oohi .0023 | .0012
L0471 012] .03 | .06} .072 | .0 .0018 | .ooko .0023 | .o012
2.017 | k.05 12 1 2167 010 |-.024 | .016 | .062 | .037 | .0015 | .0038 | .0020-| .002k [ .0O14
1436 .010 [ .02% | .016 | .065 | .ok2 | .0017 | .0038 .0024 | .o013
1924 .010 ] .023 | .07 | .063 | .038 | .0015{ .0036 .0025 | 001k
.1034 009 | .023 | .06 .07k | 048 | .0016 | .0039 .0023 | .0013
.06385: .010| .03% | .07 | .080 j .051 | .0018 | .00kl .0022 | .0012
06100 .2ol2| .037.| .07 | 079 { .051 | .0020 | .0OkO .0022 | .0012
.03869 .013 | .03k | .oa7| .016 | .051 ] .oo17 [ .o0ko .0023 | .0012
02866 0Lk |..032 | .006 | —— | .Okg | .0016 | .00 —- | o012
/
2.016 | 6.05] 12 1 2059 .009] .031 | .025| .06k | .036 | .0016 | .ooki | .o021 | .0025 | .oo14
153k .010 | .031 | .019.| .065 | .00 | .0016 | .OOML | .0020 | .0025 | .0O1k
09524 o1 .o | .009 | .otk | 047 | .o017 | .ook1 | .0020 | .cO2% | .0013
.08Lg5 010 .035 | .029 | .079 | .049 | .0019 | .ook1 [ .coe0 [ .0023 | .0013
09219 .01 .o37 | 018} .079 [ .049 | .0023 | .ooky [ .oo20 [ .0023 | .0013
06021 012 038 | .018| .08 | .051| .0021 | .00%0 | .0020 | .0023 | .0013
.02490 015 | .039 { 019 | .079 | .054 | .0015 | .00%0 | .0020 | .0022 | .0012
02391 017 | .036 | .018 | .075 | .050 | .0012 | .o0ko | .0020 | .0023 | .0013
2.013710.05| 12 1 2548 .012| .032 | .06 | .060 | .034 | .0019 | .ooki [ .o021 | .0027 | .0016
1290 .013| .032 | .021 | .066 | .ok | .0016 .0020 | .0026 | .0015
08973 .013] .033 ] .021 | .075 | 045 | .0015 .0020 | .0025 | .00Lk
.08168 .013| .034 | .020 ] .or7 | 007 ] .0018 .0020 | .0025 | .00k
06923 .013| .036 | .o19| .018 | .o89 | .0018 L0020 ] . 0014
0k337 015 .038 | .018] .078 | .050 | .o014 .0020 | o002k | .o023
01856 006 | .038 | 017 | .o74 | .ok9 | .0013 L0021 | L0024 | .001k
01364 o017 | .037 | 017 .073 | .050| .o0mr .0021 { .0025 | .00Lh
0111k .018 | .03 | 017 | .073 | .050 | .o010 0021 | .0025 | 001k
2.018 {1k.00] 12 1 .1533 014 | .03 | 013 [ .054 | 033 .0016 | .00k2 | .0022 | .0029 { .00L6
.1038 .013| .03 | .015| .060 | .037 | .0016 | .oou2 | .0021 | .0028 | .0017
.ols52 .013| .030 | .006 | .067 | .046 | .0015 | .00z | .0020 | .0028 | .0016
— -— ~ | o131 .01y | .04 | .050 | .038 | .0007 { .0034 | .0021 | .0028 | .0016
884 .10l o 1 —_ — .008 | .028 | .016 0 0 .02k | L0057 | .oo27 o 0
Ja92k | L2057 005 | 020 .0028 | .00k2 | .0026
.1k88 | .1522 .006 | .023 .0021 | .0048 | .0028
An3 | L1221 .008 | .023 .0025 | .0048 | .0028
0909 | .092% .008 | .025 0022 | .0053 | .0027
.0762 0656 011§ .08 0027 | L0057 | .0027
0682 0589 .04 | 030 .0032 | L0059 | .0027
L0550 | .0513 015 | .030 0034 | .0059 | .0027
0389 | .0389 017 | .032 .0038 | .0063 | .0027
.02kL .0278 019 | .032 L0043 | .0063 | .o027
.0097 .0170 .020 | .032 .0047 | .006k | .0028




' TABLE I.- PERFORMANCE OF INLET CONFIGURATIONS ~ Continued

(c) Three-shock horizontal ramp inlet - Conecluded
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= ), | @, |G, |62 [, &)
a, 8 B, D; 1 1 Y ny n,
%o | aeg |adg | phogt (ﬁiL (‘én L ek [Tk | @ R m | = | R e || e ||
0.884 | 2.05| o 1 0.5150 | 0.3426 |0.9385 |0.8447 jo.1956 |0.2076 0.008 |0.023 |0.016 [ 0 |0.0028 |0.00k9 |0.0027 o [
. .3909 | .3690 | .9737 | -9195§ .1341 .1383 .008 | .023| .016 .0028 | .ookg | .0028
23562 | .3m12 ] L9979 | 9852 | .oT91 LO7LT .02 )] .025] 016 .0032 | .005h | .0028
.3180 | .3120 |1.0000 | .9962 | .0550 .0538 .015 | .030 ] .016 .0037 | .0061 | .0028
- -— {1.0000 |1.0000 | .0380 0385 017 | .030 ] .015 .0053 | .0061 | .0027
. 2313 | .2224 {1.0000 [1.0000 | .024% 024k Q19 | 032 ] .015 L0057 | L0068 | 0029
883 6.00{ o 1 .3082 | .3262 | .9163 | .8038 | .2052 | .2001 .010 { .008 | .015 [} 0 0035 | .0051 | .0030 [} [
3730 | -3395 | 9465 | .867T | .1u48 .1351 on | 025 .0036 | 0057 | .0032
238671 3389 | .9725 | .9375 | .1009 1120 012 | .028 0038 | .0061 | .0032
.2860 { .290k | .9853 | .9779 | .06%3 | .0608 .016 | .03 L0085 | .0063 | .0032
2326 | .2396 | .9855 | .981k | .ok12 .Oklg .018 | .030 .Q0kg | .0085 | .0032
.1765 | .1789 | .9887 | .9862 | .0250 | .o301 .019 | .032 .0055 | .0068 | .0032
Ja26h | 1155 | 9909 | L9917 | .a135 | .0igo .020 { ".032 0061 | .0068 | .0031
.81 [10.05f © 1 03833 -3220 | 9155 | .7913 | .20k | .1721 012 .023| .016 o o | .ookk | .0057 | .0035 [+ [4
.3thg | 331 . 8292 | .a7h8 | L1285 012 | .022 | .015 .00k | L0059 | .003%
.3345 | .3190 | .97h2 | .9359 | .O9%0 0979 .01 | 028 | .015 .00kg | .0068 | .0035
.28k0 | .20873 [ .9813 | .9675 | .0656 L0707 017} .030 | .01k .0054 | .0070 | .0033
2332 ] 2817 ) .9879 | .9822' | .okl1 0439 018} .032{ .00k L0059 | .00731 .003%
1787 | .a7e3 | .987h | L9865 | .0276 L0301 019 | .032§ .01k .006h | 0073 f .0033
129 | L1096 | .9923 | .9914 | .0100 .0185 020 | .032| .015 L0069 | L0073 0035
'
.880 | 14.05] © 1 2370k | L3045 | 880 | .T720 | .2506 | .2516 o1k | o027 | .ok o o } .0056 | .0080 | .o0k2 o [
3677 | 23212 | .9310 | 8361 | .1506 1085 .01k | .027 | .013 .0056 | .0080 | .00ko
.3385 | .3079 | .9657 | .91uk | .0990 | .0785 .015 | .029 | .013 L0059 | .0081 | .ooko
2963 | .B42 | .07T9% | .9526 | .OTI3 | .0692 0171 .03t ] .13 .0066 | .0083 | .00ko
.2532 | .2495 | .9868 | .979% | .o450 L0476 .018]| .02 ] .00k 0076 | .0089 | .00k
.1857 | .1702 | .990L | .9876 | .0300 .0316 019 .033] .03 .0085 | .0087 | .ookr
.1302 | .1079 | .9919 | .9926 | .0120 | .0200 .019 [ .032 | .013 L0091 | .0093 | .o0ML
1.616 | 6.05] © 1 Jhk62 | JLogo | L9297 | 8726 1 .0856 | .1368 009 | .030 | .06 4 0 .0019 | -0050 [ .0025 ¢} ]
W3199 | 3912 | .o4k8 | L9284 | .1016 .0981 .01 | .033 .0027 | .0052
.3647 | .3680 | .9498 | .9432 | .0786 0780 0151 .035 .0025 | .0052
.3185 | .3227 | .9527 | .939% | .0522 0625 016 [ 035 0022 | L0052
2796 | 2646 | .oh81 | .9317{ .0367 | .oMiE .01k | .035 L0032 | -0052
2227 | 2084 | .9381 | .9218 | .0265 .0308 .018 | .035 L0016 | .0053
.10h3 [ .1476 | .9146 | .9087 | .0180 | .0l6k 019 | .03%h .001h | .0053
5005 [ .3995 | .ou6h | .9317 | .0973 | .0950 .012 | .03h .0027 | 0052
.3487 | .he2o | .92u7 | .B6TT | .0B23 | .1376 .009 | .030 .0021 | .0050
Jhho1 | Lu166 | .8899 | .8025 | .1957 1973 .009 | .030 0019 | .0050
1.617 |10.10| o 1 .hu62 | .ho3l | L8577 t 7677 | .2117 | .230L 011 | .03 | .016 [} o | .0031{ .0050 | .0025 0 0
.4308 | .boo5 | .g000 | .8370 [ .1383 | .1367 .11 | .032 -0032 ] .0052 | .0025
4037 | .3882 | .9180 | .8940 | .1030 .1018 012 | .033 .0031 | .0052 | .0025
.3535 | .3158 | 9263 | .9038 | .0760 .0782 .04 | .033 .0027 | -0053 | 0025
3012 | 2958 | . .8989 | .0558 L0553 .016 | .033 .0023 | .0053 | .0023
.2465 | 2231  .Bohs | 8972 | .0306 | .0360 017 | .032 0019 [ .0053 | .00ut
J2391 | 1260 | .9002 | .9038 | .o204 | .0275 .019 | .032 .0016 | -0054 | .0026
1619 | 0 6 1 L4346 | 3767 | 8551 | L7605 | .2088 1656 .008 | .028 | .ok | .015 | .032 | .0009 | .0051| .0025 | .0113 | .0169
k327 | .3996 | .Bogu | .8365 | .1us2 1246 .007 | 028 | .01k 0009 | .0051 | .0025
Xlgo | koik | o937k | 89991 1301 .1213 Q007 t 029 | oLk 0008 | .0051| .0025
.3867 | .3684 | .9391 | .9130 | .0962 .0821 012 | .032 | .015 .0018 | .0052 | .0025
.3530 | .3380 [ .9374 | .9196 | .1059 086 014 | .03h | .015 0025 | .0052 | .0025
2629 | .2627 | 8689 | .B688 | .0343 [ .0297 .013 | .027 | oLk .0019 | .0051 | .0025
230k | .2174 | .B789 | .8721 | .0226 | .0228 015 | .029 | .01k .0022 | .0052 | 002k
1.616 | 1.95{ 6 1 o8 | .3943 | .8789 | .Boor | .1807 158 009 | .031 | .01k | .015 | .032 | .001k | .0052| .o02h 0113 | .0169
4282 | .ho32 | .93k | .B787 | .1201 REINE 009 | .031 | .01k .0013 | .0051 ¢ .0025
g | .boho | L9563 | L9315 | 0961 | .0693 .010 | .032 | .015 .0017 | .005L| .0025
23651 | .3560 | .9546 | .gk62 | .0660 | .osko .ok { .03% | .015 .0026 [ L0052 | .0025
.2929 | .2857 | .9625 | .9523 | .ok13 | .0365 017 | .035 | .015 0022 | 0052 .0025
2599 | .2393 [ .9591 | .okTk | .0259 .0173 .018 | .03k | .025 .0019 | .0052 | .002h
- 193 | .1888 | .9362 | .9298 | .0159 0187 .015 | .033 | .o17 0020 | 0052 .0024
1.619 | k.05 6 1 4657 | L3953 | 8710 | L7956 | .1790 WJ1h36 o1 | .032 | .025 | .015 | .032 | .0020{ .0051| .0025 | .0112 | .0169]
Mh33 [ WBlOT | L9295 | .B7k2{ .1239 136 o1 | .032) .015 | .015 | .032 | 0021 | .0052 | .0025 | .0112 | .O169
.3996 | .3860 | .953k | .ou34 | .o719 | .o7iB |- c018 | .o45 | .020 | .020 | .03 | .0006 | .0035( .0016 | .o110 | .0159)
.3201 | .3136 | .9567 | .9450 | .0sé1 L0547 021 | .ok7 | .021 | .020 | .043 | .0003| .0036| .0017 | .0120 | .0159
2859 | 2617 | .9563 | .9413 | .o32 | .0359 .023 | .ou7 { .022 | .020 | .043 {0 003 | .0016 | .o110 | .0159]
.1913 | .1888 | .93%6 | .9282 | .0095 | .0161 025 [ .ou8 | .oze | .020 | .03 | .000% [ .0037| .0016 | .om10 | .0159]
L1670 | .1590 | .9350 | .9270 | .0096 | .om3 .026 | .ou7 | .022 | .020 | .043 | .0006| 0037 | .0017 | .0110 | .0159
1.617 ) 6.05] 6 1 L3377 .8698 | .7894 | .1T770 L1460 L.015 | .04 |,.022 | .020 | .043 | .0003| .0035| .0017 | .0110 | .o159]
41521 .3922 | .9396 | .9135 | .0978 | .1071 .015 | .ouk | .o2L .000k | .0035
23810 | 3667 | .GN6T | .9319 | .0735 .0853 L.018 | .038 | .022 20007 | .0020
23329 3184 | .9467 | .9270 | .0525 | .0670 020 [ 046 | 022 L0004 | 0036
2688 | .2695 | .ou3k | .9205 | .03:16 | .0513 022 | .ou7 | .o22 .000L | .0037
.2360 | .2087 | .9266 | .9123 | .0295 | .0267 .02 [ .07 | .02e .0002 [ .0037
21652 | k75 - — — -— .06 | .o86 | .022 .0005 | .0037
2.22| .05 12 1 4580 | .h013 | L6161 | 5050 | .2kl | .1545 007 | .07 | .07 [} o | .0006] .0032| .0m8 [ [
A3kl k028 | L6550 | L5757 | -a7k6 | .112h 2007 | 015§ .07 .0006 | .0030 | .0018
4388 | .h106 | .Tohg | .6h27 | .10T2 L0797 009 o6 017 .0009 | .0033] .o019
23881 | .3919 | .6915 | .6607 | .1438 L0594 009 | .021 | .017 -0009 | .0035| .00L9
3562 [ .3640 | .6563 | 6394 | .0712 | .09kg 009 | .02t | .016 L0011 | .0035| .o019
2192 | L2101 | .6282 | .6233 | .0396 L0319 L011 | .02k | .015 .0013{ .0036 | -.0019
2.212 | 2.00| 12 1 4795 | .h2uk | 6349 | L5610 | . 1981 008 | .o20 | .07 [ o | .0010| .co317 .0017 ] [+
A761 | WB361 | 6T6R | 5902 | L1792 | L1328 .08 | .020] .027 .0010} .0031| .0017
4650 1 L4358 | L7287 | L6594 | L1321 | L1130 .008 | .020 | .017 .0010| .0031| .00L7
k68 | k171 L7536 | .7232 | L0861 | .0657 .009 | .08} .017 20014 | .0036| .0018
.3660 | .3610 | .7002 | .6807 | .o547 | .oko0 010 | .03 | .07 .0014 | .0037 | .0018
L2908 [ .2677 | 6731 | .6640 | .0465 .0h12 011 | .o027 | .016 2001k | .0035| .0017
2.212 | k.00} 12 1 Jhgll | kogs | L6650 | L6003 | .3231 2684 009 [ .023 | .O17 [} o] 0014 | .0032| .0017 0 [+
888 | 352 | a7 | . 1679 | 1166 .009 [ .023 | .018 .001% | .0032| .008
L1721 WB109 | 7756 | .T234 | .1501 .0825 009 ] .07 | .017 0016 | .0022 | .0OLT
2857 | L3797 | 27538 | 7285 | .050% | .0596 on | .03 | .o19 0017 | L0036 .0017
. 23821 | L7069 | . .0528 0527 .01l | .035 | .017 .0015 | .0038 | .o017
Lh7 | 2493 | .7ak9 | 7001 | .0327 | .0355 013] .032] .07 -0013| .0036 | .0018




Q.l‘... oo L]
.....

22 ’CQM'JJ)ENTI&L .

TABIE I.- PERFORMANCE OF INLET CONFIGURATIONS - Continued
(@) Internal compression inlet

[ . e p et e

Flow
% | @), @6 @ @) = ey
deflector ) ) 2 2 2 X s Cde “,
Y| aes plate:, blggg... ( L| \B/p 1| \Fe/p [ \Ftav/L av/R |* @] ’*E; % AR RIS o
config. - ' - : . i .
2.025 1.98 — 1 | v " .10.8619] 0.8588 0.1042 | 0.078% P 0.014 | 0.0028 | 0.0017 } 0.0019 |0.6958
2.02| 2.00] , — ‘ A .BeB6| .8654 Jo3s b 408071 - -.01k | .0028.f -.0022'f .0015 | .6975
2.027| .2.00 _— -- -y ' 87871+ .8753{~ .099% | . ..0798. | .o1k|...0030 | ..0021.| ..0019 |. .6992
2.021) 2.00|" == P} . ¢ ooy o SBT2k) 870810 L1001 OTTh - .01k [ loo27 |: .0021 .}, .0019-} .7005
2.018] :2.00 =} I I |- | .8618| .8658| .1007{ -.0750 .014 | .0038 [ .0018 | .0019 {. .7060
2.025] 1.98 — . . 86911 .8708| .1036 .080% , 6995
2,025] 1.98 _— 8609 2075 0814
2.025] 1.8 — 8691 | .8725| .1007 oTTh
2.025( 1.98 - 8662 | - L0867 —
h
2.008| 2.00| . " - 3 8725 .0625 | .0605 013 | .029
2.011 "2.00 — 8781 | .8763| .0566 | .0569 026.f .031
2.01 2.05] . - —mn 88: 0506 .0h82 o1k | .032
2.01|2.05| - RN 8626| .8513| .0%47| .o512 014 [ .030
2.011| .2.05 — 8526 | .8365| .05k | .0525 ol | .032
2,008| 2.05] : .8251 o411 [ .053h ol
2.018} 2.00 8782 .8698 0708 0715 013 | .08
2.015f 2.05] ¢ 8799 ¢ .8698 — _— 011 031
2.014| 2.00 , — 8534 0558 0525 o | .029
2.009{ 1.95] - 2 87181 .87001 .0797] .0656 016 |+ .08
2.009{ 1.95 o 8768] .8733! .otéh| .0653 011 {- .03L
2.003] ‘'1.95 B 87521 .8733 0765 .0596 07| .08
2.009| 1.95 . 87kg 0711 .0539 010 § - .033
2,006} '1.95 . 8189 | .8 0965 | 0721 on | .027
: ,

2.055} 0 ; None Fo bleed -— -— ] .8uo| .7551( .0828 3 o 0
2.029) --.05 -— — | .8330( .T762 L0717 1084
2.029( -.05 ] * 0.5056 {0.5010 | .8296| .T746 | .0726 2093
2.027| -.05 L5157 | 5065 | .B262| 7875 -— 1113
2.025| -.15 - | ..8273] .71706| .0765 1149
2.020( 1.73 16y | L4810 | B167| 7785 | o851
2.032| 1.93 . 5151 8501 | .Bikk| .0966 1164
2.026| 1.981 ", 5043 | .8552) .81k E
2.025| 1.88 [ | 5198 L8k | .838 .8123 .0992 1184
2.022| 1.88 5159 | .u884 | .Bh26] .8185( .0933 1124
2.028] 3.91 — —-| .8380] .Biog} .
2.025) 3.9 ! p— -— | .8k .813 0596 1004
2.02613.96 R segh | 48251 .8182| .T797 0623 1090
2.020| 5.99 w70k | 7799 .7290 1393
2.017{ 5.89 Lo 532k | 5134 .T7l0| .722 1315
2.026]'5.9% .5152 W32 | 1831 | .7307 +0Bg1
2.026) 7.97 . 2 827 .T090 1209 2022
2.023] 7.97 i 5110 k751 | 7562 | .6978 .1252 1799
2.023( 7.92( ° 4623’( .TT60{ .TO24 ([ .1219 1878
2.023[°9.35 | * 4633 4503 6704 | .6499 .73 1363
2.026] 9.80 657 | 4535 | 68381 .661h 1055 1234
2.010| -.05 . 3 82081 .8037 0909 0861 }0.1250 | .011 | .023
2.010].-.05 ] * 4933 1 466k | .8238] .8099 0875 0675 a2
2.004|:0 .. s he27 8242 8103 .0822 ohoL 1266 ol2
2.010| 0 : ' 4850 | 4709 | .8am1] .8033} .009L 1270 { .012{ .026
2.011| 2.00 ke16 577 8727 8725 L0654 0626 013 030
2.011| 2.05 i 4708 8781 8763 0571 0567 1256 031
2,011 2.05 4805 46151 .8827| .8725 0506 ok6T 1259 | .01% | .032
2.011| 2.00 — -] .8626| .8513 0518 —| =]
2.004| 4.05] . None 3 4827 4636 | .8514 | .8uB5 .0kg7 o457 1426 | 011 .029
2.006{ 3.95 4821 | (45921 .8531| .B4s2| .ok%0 o430 | L1436 | .01 .033
2.007| k.00 ] " 4855 4610 | .8543| .8382 0437 b5 k29 | .om1 | .033
2.004| 3.95 LTTT | 4S54T 8222 LOl6l 0605 | .1 o1l | .033
2.007| 6.00 [~ 4903 4765 Thsh [ .T185 0668 083L 1927 (151 o1l
2.004| 6.00 R k7L | 8120 | .7886 0527 0656 1680 | .om1 | .023
2.010[ 5.95 | | 3| 4715 | .Bo20| .7853| .0527 - | 1708 | .om1| .021
2.007| 6.00 4789 | 4529 | .8070! .7902| .OMg3 0686 | .1745 | .007
2,007|" 5.95 22 | L4675 | .Boco} .7B53 .0558 — | a107 | om1 | .026
2.007(10.05 4851 | .b505 | .760L | .698k [ .1243 2422 | L2750 | .o | .o21
2.007/10.00 | - 4864 | .W3w3 | .7601{ .6B37| .1u72 2516 [ .2781| .on| .o021
2.004/10.00 R W8 [ .b2ih | L7W5LI L6755 1836 2614 | L2762 | o101 | .018
2.007|14.05 — -— | 67681 .6397| - 11 — | -007| .026
2.006|1k.10 k236 Lo71 6506 1 .6239 L0651 06’ M2y 007 o027
2.006] 05!, 1 k734 TT70 78 | o824 1315 | .010
2.012| 0" 4595 8317 | .8373 .0835 0557 | 131k | .011 | .02y
2.006( 0 R 4573 | 4557 | .8h18| .8h39| . .0766 ohf2 | .1307 | .02} .02k
2.011| 0 X b 7| 83721 .8410] -.0788 ok8 | .1301 | .012 | .027
2.012| 0 k5h7 817! .8128| .1002 o757 | 17| .009| .025
2.009] 2.05 4816 | 4814 8733] .0597 1305 | .012) .030
2.012|. 2.05 4530 | .hss9 [ .Bo35 1 .87T33] .05501 .okr| .1 013 [ .033
2.006| 2.05 |- 4h56 | y732 | (8668 | .8635| .0658 | .osto | 1366 .o12| .03
2.009| 4.00 4918 —— | .8885} .8782] .0620 L0621 — | .m13| .03
2.006] .00 4788 | .9002| .8782 0556 L0621 | 1520 | 015 .0
2.006] 4.00 8906 | .8737 0602 .0608 | L2476 | .01k | .03k
2.009] 4.00 k160 | 4831 | .8935( .B7AT) .0583} .0581 | .1503 | .01k | .034
2.011{ 4.00 4676 | 804 .8 .0588 L0607 | 1543 | .om1 028
2.008] 6.00 1864 88y | .8578 0590 065k 014 03%
2.011] 5.95 4878 | Lhorh | L8831 .8582| .0619 ) .o69h | .1852| .013} .033
2.008] 6.00 5037 6 0616 L0721 | 1834 | .Olb 027




TABLE I.- PERFORMANCE OF‘ INLET CONFIGURATIONé - Concluded
- . (4) Internal compression inlet - Concluded

. . Flov - |centerbody, ) JPt t Pt Py, 2y | me | m ' Ay
|| | @@, |G« 2 | E ] o] ] |t
e il BT cg,},‘;ig; config. 1| NWr L 3 L B TR R | S| %) |
' |2.008] 6.00 3. b.4916) 0.4951(0.886110.8562 | 0,064k [0.0638 [0.1844]0.012}0.035]0.015 |0.0029] 0.0029] 0.0020]0.7338
2.012{10.00 - o ===] -] .8805| .8ko7| .0852 [ .0958 -—| .on1]| .027| .015| .0029| .0029] .c020{ .73%0
2,011{10.00 5288 | .5114| .8876) .8478| .08%6 | .0925 | .2858] .012| .026| .016{ .c029] .0029{ .c021
2.012}10.00 5246t .51%0) .8672f 8473 | .0789 | .0879 | .28L47| .0l0| .026] .016| .0027} .0029] .0021f .T3%
2,012[10.00 ) 5155) .8855| .8u57| 0678 | .0857 | (28551 .on| .o028] .016| .0028} .0032| .c021| .T3%
2,014110.00 5145 ¢ 50991 JB772| 8391 0656 | .086% onf 027 .016f (0028} L0032} .0021) .73k
2.004114,05 . hg81f .8h54| 8313 | .0888 ( .097h | .M6T2| .013] .030| .015| .0031| .0036| .0022] .73%
2,006| o - ---| .8036] .7836 | .0806 | .0858 ---| .012f .016| .015| .0027| .0018| .co21| .7
2.006| 0 4859 | .k7h0| .8355( .821k | .0716 | .0558 | .1319| .012f .o02k| _oih| .o027| .0023| .co20| .T102
2.003]-0 L7811 Lh6h5| .8300] L8193 | .0720 | .OM56 | .1332] .012| .02k| .o1k| .coe8| .0025| .0020 .7163
“|2-005] 0 4860 | .4639)] .8325) .8152 | .0539 | .os28 | .1317| .o12| .023| .o1k| .o027] .0025| .0020 5
- |2.005( 2,05 0650 | -==| .0l4| .030| .o1k| .0031] .0028| .0020| ,6990
2.006( 2,05 0546 | .1334] .00 032} .01k} .0032| .0029] .0020| .7045
2.005| 2.05 o476 | .1334 014 .032f .01k} .0030f .0029] .0020| .7161
2.009] 4.05 0537 1 .1h66| .013} .029] .01%| .0030| .0029| .c020| .
2.008] 4,05 3 | .1493| 013} .030| .o1k| .0031| .o027| .0020| .TO10
2,008 4.05 .1375( .01k .034] .o14| .0033] .0035| .0020| 7102
2.008] 6.00° .1778] .013] .032| .015] .0032| .0031| .o020) .T105
2.008}" 6.00 ok7h | .1807] .012) .030| .015] .0029| .0029] .0020] .T193
2.008] 6.00 o6k | .1793| .012]- .031| .015] .0030] .0028] .c020{ .7270
| 2.005]10.00 1745 | .2925) .009| .022f .017} .0027] .0030] .0c21| .7333
2.00510.00 : 1855 | .2941} .o10| .021f .017| .0028| .c028] .0021} .73%0
J2.003] 9.95 1376 | .2932] .009] .0e0f .017) .0026] .0026] .0021) .73%0
2.011(12.00 .2753| .009f .018} .016| .oc27| .0028| .0021f .T3k0
2.005(12.00 2h1k | .2733] .omaf .oi9} .016| .0029| .0028| .co21 .73%0
2,009|1k,00 2252 | 4689 .o11] .019f .01%{ .0030f .0030] .o021| .73%0
2.011[1k.00 2083 | .4698| .01y} .015) .01k | .co29f .0025| .c021| L73k0
2.013| 2.00 3 -=1. .01kt Lo2g]- .o14] .0032| .0030| .0020| .TO17
2,011 2.00 ohgs | .1323] .01kt .034| .01k .0032| .0035| .0020{ .7080
2.010| 2,00 o477 [ .1336] .o11| .032| .013} .0028| .o0031| .0020] .T197
2.010] k.05 i 0667 | .1502| 014 .021| .o1k| .0031{ .0023| .0020{ .T!
2,013| k.00 : 0603 't .1518( .olk4| .035| .01k | .0032] .0035]| .0020( .7105
2.013) 6.05 .0637 | .1787( .o1k| .o30| .015} .0031] .0030] .0020} .7215
2.010] 6.00 B .0637 | .1881f .013| .032| .01k} .0030| .0030] .0020f .7270
2,010 6.00 : 0615 012]. .027| .015| .0030] .0025| .0020| .7330
2.010| 1.95 2 0638 ol 0281 ,013| .0030| .0018} .0020f .7017
2.010| 2,00 .0602 013] .027| .013| .0031| .0027| .0020f .70k
.|2.007} 2.05 L0547 010{ .030{ .013| .0030f .0027| .0020| .7138
2,010| 2.00 0537 .013] .032| .013) . 0028 .0020] .721
2.007f k.00 06! o14f .032{ .01k{ .0030| .0028] .0020| .7161
2.010f .00 0626 o14f 034} o1k} .0032! .c02B| .o020{ .7183
2-3% 405 0633 .013) .035| ,o14{ 0031 .0029| .0020{ .
2. 3.95 0668 v { .013f .030} .014] .0030] .0029] .0020{ .7310
2.00% 10,00 i .1119 ol1f .o27| .016] .0029{ .0025| .0020] .73%0
2,004|10.05 1025 Ol1} .026] .016] .0028{ .0029| .0020] .73%0
1.834] 2,00 4 - - 012} .02%| .01% | .0028{-.002B( .0020| .73%0
|1.83%} 2,00 . 0887 .01 o014 | ,0026] .0021} .0021f .T340
1.836{ 2.05 06TT .010| .028] .o1k| .o02k| .0022] .0020| .T340
1.831] .00 1032 .012| .o24| o1k | .c02k| .o0e3| .co21| .7338
1.834|-b.00 0991 o1} .028] ,01k{ .0027| .0022| .0021| .73%0
1.837( k.00 0813 .008] .026| .01k .0025| .0031} .c021| .T3k0
1.839| 6.00 - 011 .023] .015) .0020[ .0025} .0021| .T340
1.838] 6.05 .10L4 .010{ 024 015| .0026| .0025| .0022{ .T3LkO
1.836] 6.00 ' .08hg .010{ .024| .015| .002k| .0025| .0021| .7340
1.836} 8.00 : 1266 .010] .026] .016| .0024| .0026] .c022{ .73k0
1.836| 8.05 L1155 .010{ .022| .016| .0024| .0029] .0022{ .73k0
1.836 10,00 .0870 .011| 026 ,016| .0024 gﬁ .0022] 7340
882 2.00 .0178 .o11| .024} ,015| .0036] . .00291 .6770
.885] 2.0 .0178 .012| .024| .015| .0037| .cokk| .0029| .7102
.883| 2.00 0203 o] .025| 015 .0037| .cob5| .0029} .73%0
886 2.00 020k L0005} 0251 015 L0046| .0029| .73
.887] k.00 0199 .012| 024} ,015| .ook1| .ookk]| ,0031] .7338
8811 6.00 .0198 [} ok2f Loz3 -—- ==={ .0035| .7338
.885110.15 .0203 012} .024f 013 | .0049] .0055] .003k| .7338
.880{13.10 .0152 015| .026| .013} .0060} .0065{ .003T| .T33!
2,2121 2.05 L0567 013) .o24| 015 .0023| 0025 .0017| -.6830
2.212| 2,05 0568 013] .026]| ,015) .0021| 0025 .0017} .6T70
2,130} 2.00 20555 04| .027| .01k | .0032| .002B} .0019| .6820
2,130 2,00 .okg1 o14| .029( .01k{ .0031| .0028} .0019) .6770
2,122| 2,00 L0546 oih| .026] o1k | .0032| ,0026| .0019| .6913
2.122| 1,95 L0525 01k| 024 014 | .0030| .0025| .0019| .6TT2
2,069 1.95 .08h4 2014 L0251 .o14 | .0031| .002k| .o020| .6810
‘|2.069} 1.95 .0Bo4 014] .026] .01k { .0031| .0025| .0020] .6878
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- Photograph of model in tunnel.

Figure 1.
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Figure 3.~ Schematic drawing of model ducting.
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(b) Hooded inlet.

Figure 4.- Photographs of inlet models.
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(d) Internal compression inlet.

Figure 4.~ Concluded.
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> {a) Basic internal-compression inlet centerbody
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- (b)  Perforated centerbody — Bleed configuration #|
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0125

Half-section A-A  ~Half-section B—B
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Detail

(c) ‘Centerbody with slot — Bleed configuration#2
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~d) Centerbody with scoop Bleed confugurouon#3 -

(b) Detalls of the centerbody bleed R "f
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Front view Side view
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(a) Internal compression inlet with flow diverter plate mounted

850————» : Qrdinates
X y
0.25 066
0.50 091
0.75 1.10
= .00 [1.27
200 1.73
300 200
400 [2.14
473 12.185
850 [2.185
{b) Diverter plate no. I. Plan view
Ordingates
e\ X y
0] 0
y M 025 [0.98
| 050 {I.41
I 075 |1.71
@ _— - S 1= 100 [1.94
X A 150 [2.26
13435R : 200 [2.47
233 1257
4 a0l _|2625
8.50 [2625
{c) Diverter plate no2 - Ordinates
X y
6] [0
0.50 1.08
0.75 1.29
- 1..00 .46
1.50 [1.73
2.00 1.92
300 [2.13
380 |[2.185
850 2185
(d)-Diverter plote no.3
\ : Ordinates
2.185R X y
i O [0
025 {0.35
_ v - [030 fo0.48
— Y~ o 1.OO [0.64
| ,5 2.00 [0.86
E - 300 {0.98
: 422 ]11.03
’ 850 [1.03

(e) Diverter plate no. 4
(c) Details of the flow deflector platés;

Figure 8.- Concluded.
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0 Picii it comrmvrmin P oefdl

Romp bleed and
centerbody bleed
Upper engine duct
bypass duct

Nonmetric shroud

Mreerees

Tout <1620 Gutter bleed duct

n= 1544
fz: |386
r3: 1174
I'4=O.974
rs=0684
le= 1194
rin= 0.482

Static pressure

Lower engine
- bypass duct

Compressor rake
sta. 6667

Ramp bleed and
centerbody bleed duct

Upper engine

bypass duct \\\\\ ‘ ‘ Nonmetric shroud

utter bleed duct

S

ZLower engine
bypass duct

Exit rake
sta. 8697

Figure 12.- Compressor and exit rake details.
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Total drag coefficient, Cp
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Horizontal ramp inlet FAcesT i S
30 A Internal compression inlet 7Yy,
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Figure 20.- Total drag coefficient for peak pressure recovery; ‘
‘ ‘ M, = 2.0.
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