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SUMMARY

An experimental investigation was.conducted to study several wing-
root inlet configurations at Mach number 1.9. The inlets were of tri-
angular and rectangular shape, and external compression was provided by
two-dimensional wedge surfaces. Inlets were tested alternately with
straight diffusers of relatively slow diffusion rate and with curved
diffusers; the curved-diffuser models simulate the ducting of proposed
fighter aircraft requiring relatively short diffusion length and high
rates of turning.

The variation of inlet pressure recovery and critical mass flow
with angle of attack followed closely the theoretical trends, although
the pressure recoveries were considerably lower than predicted by two-
dimensional shock theory. Considerably lower pressure recoveries were
obtained with the curved subsonic diffusers than with straight diffusers.

Large variations of total pressure and, in some cases, regions of
separated flow occurred at the exits of the diffusers. Reductions in
the variation of total pressure and elimination of the separated regions
were obtained with any of several internal flow-control devices tested
with a typical model. However, reduction of the over-all pressure-
recovery level generally accompanied improvements in the diffuser-exit
total-pressure profiles.

INTRODUCTION

Engine air inlets located in the wing root have shown sufficient
merit at subsonic speeds to make them competitive with other inlet
locations. Fighter aircraft employing wing-root inlets are currently
operational at transonic flight speeds and are being proposed for
supersonic velocities.
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It has been shown (refs. 1 and 2) that wing-root inlets of the
normal-shock type may give satisfactory performance for flight Mach
numbers up to 1.5. At higher flight speeds, however, total-pressure

losses become excessive and some form of supersonic compression is
required.

Tne present prelimlnary study was undertaken TO explore. 8l Mach
number 1.9 the internal flow performance of several possible wing-root
inlet designs utilizing two-dimensional external-compression surfaces.

The ducting requirements of proposed fighter aircraft were simulated.
Because of length limitations, the subsonic diffusers of this class of
aircraft are relatively short and incorporate high rates of turning
in order to duct the air to the engine, which is buried within the
fuselage. Inlet performance using these curved subsonic diffusers is
compared with that obtained with straight diffusers of lower diffusion
rate.

Effects on external aerodynamics were not considered; that is, the
inlets were tested as nose inlets. However, the effects of inlet side
plates simulating a fuselage-boundary-layer splitter plate were deter-
mined for most of the configurations.

Additional investigations were also conducted to study the effec-
tiveness of several simple devices designed to improve the diffuser-
exit total-pressure profiles of one wing-root inlet model. These tests
were conducted in the 18- by 18-inch tunnel of the NACA Lewis laboratory
at a Mach number of 1.9.

SYMBOLS

The following symbols are used in this report:

A area
Ap projected inlet area at zero angle of attack
1 distance along curved ceﬁtroidal axis

m,a/m0 mass-flow ratio, QZAZVH/DOAPVO

1 4

P total pressure
P static pressure

d i ure 1 V2
o] ynamic press 7 3 P
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R radius

\ velocity

X axial distance
a angle of attack
P density
Subscripts:

e choking

(s critical

max maximum

0 free stream

1 throat

2 diffuser-exit rake station

APPARATUS AND PROCEDURE
Model Details

Characteristic shapes and dimensions of the wing-root inlets inves-
tigated are presented in table I. Four inlet types were studied: Inlet
1 was of triangular shape with supersonic compression provided by an
unswept two-dimensional wedge positioned along the upper surface. Inlet
2 was also triangular, but compression was provided with a centrally
located unswept wedge. A rectangular cross section was utilized for
inlet 3; supersonic compression was obtained from an unswept two-
dimensional wedge located along the upper surface. The effect of a
compression surface with 40° leading-edge sweepback was investigated
with inlet 4, which was also of triangular shape.

Inlets 1, 3, and 4 were tested alternately with straight and curved
subsonic diffusers, while inlet 2 was investigated only with a straight
diffuser. To distinguish between inlets having the same supersonic-
compression surfaces but with alternate subsonic diffusers, the various
models have been designated with the letter S or C. For example, model
number 4-C represents the 40° swept inlet with curved subsonic diffuser.

Inlet sizing was based on inlet-engine matching considerations;
assuming a fixed inlet geometry, inlet throat area was sized to provide
a velocity ratio of 1 for a current high-performance engine at a cruise
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Mach number of 0.9 and an altitude of 35,000 feet. Wedge compression
angles were chosen arbitrarily to provide a compromise between high
pressure recovery at Mach number 1.9 and low flow-spillage requirements.
The inlets were designed for a theoretical oblique-shock spillage of

2 to 3 percent at Mach number 1.9 and zero angle of attack; as a conse-
quence, an engine bypass (capable of bypassing up to 18-percent mass
flow at Mach number 1.9) would be required to minimize spillage drag.

Drawings of the models are presented in figure 1, and model photo-
graphs are presented in figure 2. Each model was integrally cast with
a mixture of bismuth and tin; however, the leading edges of the inlet
were formed from brass inserts in order to maintain the desired sharp-
ness. With each inlet type, transition in the subsonic diffuser was
made to a circular cross section. Models 1, 3, and 4 were tested with
and without side plates simulating boundary-layer-removal splitter plates.

The lower lips of the triangular inlets were not normal to the
free-stream direction. This geometrical feature was the result of main-
taining a uniform shock spillage across the width of the inlet. For
inlet 2, which incorporates a centrally located compression surface,
both upper and lower lips were swept with respect to free-stream
direction.

Since the compression surface of inlet 2 is located centrally, this
inlet attains maximum pressure recovery when the compression surface is
at zero angle of attack with respect to the free stream. The axis of
the subsonic diffuser was therefore canted down at 2° (corresponding to
a typical cruise angle) so that the maximum pressure recovery could be
expected for the cruise condition. For the other inlet types, pressure
recovery would be expected to increase with angle of attack.

The area distributions of the inlet subsonic diffusers are presented
in figures 3 and 4. For straight-diffuser models (fig. 3), the area
distribution near the throat was determined approximately by the criteri-
on that the static-pressure gradient be proportional to the local static
pressure (ref. 3). In the more rapidly expanding sections, the area
distribution is approximately that given by a 7©-included-angle cone.

For the curved-diffuser models (fig. 4), the total diffusion was
less than with the straight diffusers because a centerbody simulating
the accessory housing of the engine was included.

Instrumentation
A schematic diagram of the test set-up and model instrumentation

is shown in figure 5. As indicated in figure S(a), the model was hung
from a vertical support strut with which the model angle of attack was
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varied from -3° to 9°. The aft support body contained four static-
pressure orifices which were used for determining inlet mass flow. The
forward support body contained the total-pressure rakes used in deter-
mining the inlet total-pressure recovery. Since the curved-diffuser
models were somewhat shorter than the corresponding straight models,

two forward support bodies were used. The lengths of these sections
(figs. 5(b) and (c)) were chosen so that each inlet was at approximately
the same station in the tunnel test section. The. forward support body
for the curved-diffuser models also housed the strut for support of the
curved-diffuser accessory housing. Over-all total-pressure recovery

was obtained from the area-weighted average of measurements at the
diffuser exit. Inlet mass flow was determined using the static orifices
in the aft support body together with the assumption of a choked exit,
the area of which was controlled with a remotely operated plug.

Flow conditions near the throats of inlets 1, 3, and 4 were deter-
mined with the rakes indicated in figure 6. In addition, static orifices
were located on the supersonic compression surfaces and throughout the
subsonic diffuser of each model.

The effects of rods and screens (see fig. 7) placed internally in
the subsonic diffuser as a means of improving the exit total-pressure
profiles of model 3-S were investigated briefly.

For the tests at Mach number 1.9, tunnel total pressure was approxi-
mately atmospheric while total temperature was held at 150° F. The
resulting Reynolds number was about 3.25X106 per foot. The dew point
was maintained below -10° F to minimize condensation effects.

Data were also obtained for zero flight speed conditions by
induction of ambient air through each inlet. Instrumentation for these
tests was identical to that for the tests at Mach number 1.9 except
that inlet mass flow was determined with a standard A.S.M.E. orifice
connected downstream of the inlet rake station.

DISCUSSION OF RESULTS
Pressure-Recovery and Mass-Flow Data

Inlet performance data for the angle-of-attack range of -3° to 9°
are presented in figure 8 for each wing-root inlet model investigated.
Inlet mass flow is referenced to that which would pass through the
stream tube of the projected inlet capture area at zero angle of attack.
As a result, the critical inlet mass-flow ratio increased with angle of
attack because of the increase in inlet projected area. Arrows on the
mass-flow scale indicate the theoretical critical values based on two-
dimensional shock theory.
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The measured critical mass flow at zero angle of attack was
generally 2 to 4 percent lower than the design value, except for model

.2=-S for which the mass flow was about 3 percent larger than expected.

These differences are probably due, in large measure, to fabrication
tolerances in the inlet capture area. Nevertheless, the variation of
measured critical mass-flow ratio with angle of attack followed the
trends predicted. For the swept inlets, two-dimensional analysis of the
normal component flow indicates that detachment of the flow at the
compression surface should occur at angles of attack greater than 3°.

In view of the difficulties encountered in predicting shock locations
and flow directions for detached flow conditions, the arrows on the
mass-flow scale for the swept inlets merely indicate the ratio of pro-
Jjected inlet area at angle of attack to that at zero angle of attack.

The inlets showed little or no suberitical stability. (The only
stability noted occurred with the straight-diffuser models 1-S and 3-S
at the highest angles of attack investigated.) In general, it was
difficult to interpret the inlet shock patterns with existing tunnel
schlieren equipment because of the skewed nature of the inlet compression
surfaces. ©Shock instability noted in the schlieren equipment has been
designated by dashed lines in figure 8. Quite often minor shock
oscillation was observed for mass-flow ratios less than the critical
value; when the mass flow was reduced below the peak pressure value, the
shock oscillation appeared to increase in both frequency and amplitude.

These general observations were later verified by the installation
of a dynamic-pressure pickup with model 4-S. With this instrumentation
a small-amplitude pressure variation Cﬁpz/PO of 0.03) was observed
during supercritical operation. (This fluctuation is probably due to
local boundary-layer separation within the inlet.) For angles of
attack of 3° or less, no change in this pressure fluctuation was noted
as the mass flow was reduced to the peak pressure-recovery value. For
lower mass flows, however, the pressure fluctuation increased rapidly
to Apz/Po of 0.15. At angles of attack of 6° and 99, the pressure

fluctuation remained at Apz/Po of 0.03 throughout the mass-flow range
investigated.

For the straight-diffuser inlets (with the exception of model 2-S),
peak pressure recovery generally was obtained at mass flows within S
percent of the critical values; with the curved-diffuser models, peak
pressure recovery occurred at lower mass flows (up to 17 percent less
than the critical mass flow for model 4-C).

Effect of Inlet Side Plates and Curved Diffusers

The effect of inlet side plates on inlet peak pressure recovery
has been summarized in figure 9. The unswept inlets were benefited
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slightly by the use of the side plates, whereas the swept inlet
experienced a total-pressure loss of approximately 0.02. An examination
of figure 8 shows little or no effect of side plates on the critical
inlet mass flow. Inasmuch as the side plate for each model was alined
with the local free-stream direction, all noted changes in performance
are believed due to the effects of side-plate boundary-layer growth on
the subsonic-diffuser performance.

The experimental pressure recovery of each inlet type is compared
with a two-dimensional theoretical shock pressure recovery in figure 10.
The theoretical recoveries were computed from the losses across the
obligue shock originating at the compression surface and across an
internal normal shock at the throat section of the model. For the swept
inlets, detachment of the normal flow component complicated the analysis.
The theoretical pressure recovery presented in figure 10 for the swept
inlets is based on the streamwise flow plane rather than the normal
flow component. Experimental values of critical and peak pressure
recovery are summarized for both straight and curved diffusers.

The experimental pressure recovery follows the theoretical trends
with angle of attack fairly closely although at lower values, indicating
considerable diffusion losses. At the critical inlet pressure-recovery
condition, the losses were considerably larger for the curved-diffuser
models than for comparable straight-diffuser models utilizing the same
supersonic-compression surfaces.

The effects of inlet shape, compression-surface sweep, and
compression-surface location may also be obtained from figure 10. With
the exception of the inlet with centrally located compression surface,

a peak pressure recovery of 85.3+l1 percent was attained; also, diffusion
losses were essentially the same regardless of inlet shape or compression-
surface sweep. However, the minimum diffusion loss for the centrally
located compression-surface inlet was larger than for the other straight-
diffuser inlet types.

At zero angle of attack the pressure recovery of the swept inlet
is somewhat lower than was attained with either the triangular or
rectangular inlets of zero leading-edge sweep, probably because of the
relatively small amount of compression offered by the swept inlets.
The swept inlets could probably have been made comparable to the unswept
inlets at low angles of attack by using larger compression angles.

Exit and Inlet Total-Pressure Distributions
Total-pressure profiles and wall static-pressure ratios at the

diffuser exits are presented in figure 11 for angles of attack of
zero and 6°. These distributions correspond to operation at or near
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the peak pressure-recovery condition. The projected inlet throat

section is also shown with dashed lines for each inlet type to indicate
the direction and rate of subsonic diffusion. Separation, when it
occurred at the exit-rake station, is indicated with a series of parallel
shaded lines.

For all inlets large total-pressure gradients occurred across the
exit of the diffuser. At zero angle of attack the minimum spread of
total-pressure recovery (+8 percent of the weighted average total
pressure) occurred with model 2-S. For the other straight-diffuser
models, variations of from -13 to +19 percent were observed. Even
larger variations of total pressure (up to +28 percent) occurred in the
curved diffusers. At an angle of attack of 6°, the over-all pressure
variation across the diffuser exit was generally reduced.

For the straight-diffuser models the maximum pressure region was
usually in the lower quadrants, with separation (when it occurred) in
the upper quadrants. For the curved-diffuser models the high-pressure
regions occurred on the windward side of the simulated accessory
housing, while relatively low pressure was measured on the leeward side
of the housing. Separation was observed on both the windward diffuser
wall and on the leeward accessory-housing side at zero angle of attack;
however, no separation was evident at 6°. The largest separated regions
occurred with model 3-S, probably because of the rapid turning of the
upper diffuser wall downstream of the throat. Roughness added upstream
of the throat did not decrease the separation, but lowered the average
total-pressure recovery.

The static pressure at the exit station of the straight diffusers
was quite uniform, whereas circumferential static-pressure gradients
were frequently measured with the curved diffusers. Mach number or
velocity profiles at the exits of the straight diffusers may be ob-
tained quite easily from the static- and total-pressure ratios presented.
However, for the curved diffusers it would be necessary to account for
the circumferential static-pressure variation in determining the values
of local static- to total-pressure ratios.

Typical total-pressure distributions and wall static-pressure ratios
near the throats of several models during subcritical inlet operation
are presented in figure 12. These data were obtained with the inlet
rakes of figure 6. The distributions were obtained with the straight-
diffuser models, but apply egually well to the comparable curved-diffuser
models inasmuch as the same supersonic-compression surfaces were used.
The pressure recovery obtained from two-dimensional shock theory is pre- e
sented for each condition.

Separation at the inlet throat was observed only for the swept .
inlets. This separation occurred in the upper corner of the inlet at
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the junction of compression surface and inlet side wall and was increased
by the addition of the side plate. Low total pressures existed along

the upper throat surfaces and inlet side wall because of boundary-layer
growth on these surfaces. The highest pressures in general occurred near
the centroids of the inlet cross section. The local regions where
measured pressures were higher than predicted by the two-dimensional
shock theory were probably caused by shock patterns different from those
assumed; that is, boundary-layer growth in the supersonic diffuser may
have caused local oblique shocks not accounted for.

Supersonic and subsonic diffusion in the various models may be
further evaluated by means of static-pressure distributions on the com-
pression surfaces and throughout the subsonic diffuser. Typical plots
of these static-pressure distributions and corresponding exit total
Pressures are given in figure 13 for critical inlet operation. The
outlines shown correspond to plan forms of the inlets. Solid internal
lines correspond to the intersection of constant pressure surfaces on
the internal upper surface of the model, while the dashed internal lines
are for the internal lower surface of the model.

The theoretical static-pressure ratios on the compression surfaces
were 0.28, 0.38, and 0.22 for inlets 1, 3, and 4, respectively. The
measured static pressures on the compression surfaces were reasonably
close to the theoretical values, and the pressures for comparable
stralght- and curved-diffuser models were about equivalent, as was
expected. The better diffuser performance of the straight diffusers is
evident from comparisons of the static-pressure gradients and the total-
pressure profiles at the diffuser exit. The static pressure in the
curved models first increased in the axial direction and then decreased,
indicating a reacceleration of the flow. By comparison, the static pres-
sure continually increased in the straight diffuser. The static pressure
also varied around the diffuser periphery for the curved diffusers,
whereas it appeared to be uniform for the straight diffusers.

Improvement of Exit Total-Pressure Profiles

Several internal-flow devices for improvement of the exit total-
pressure profiles were investigated. Model 3-S, which had exhibited
an undue amount of separation, was selected for these tests. The
control devices investigated are presented in figure 7 and included full
and half screens of 0.5-inch mesh and 0.051-inch diameter located at

model station 9.0, which was approximately 2% inches forward of the exit
total-pressure rake. Also investigated were l/8-inch-diameter rods

inserted through the lower half of the diffuser. The area blockage of
the three devices was approximately 21, 11, and 8 percent, respectively.
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With the measured subsonic-diffuser losses of figure 10 accounted for,
the average Mach number of the flow approaching the flow devices for
critical inlet operation was computed to be approximately 0.38.

The inlet pressure-recovery and mass-flow characteristics with each
flow device are presented in figure 14. Insertion of the flow devices
into the diffusers had little effect on inlet supercritical mass flow
but decreased both critical and peak preSsure recovery. Changes in
pressure-recovery performance are most easily observed in figure 15,
where peak and critical total-pressure recoveries with the flow devices
are summarized and compared with the original inlet with no internal-
flow device. The largest loss of pressure recovery was incurred when
the full screen was used. These losses were substantially reduced when
the screen was used only in the lower half of the diffuser. The minimum
loss of pressure recovery oceurred when the rods were inserted in the
lower diffuser half. As indicated in figure 15, small pressure-recovery
improvements were noted in the intermediate angle-of -attack range.

The total-pressure loss across the screens, expressed as a fraction
of the local dynamic pressure, is presented in figure 16. Also presented
for comparison are the pressure-loss data of reference 4, which were ob-
tained with uniform flow approaching full screens; the data selected for
comparison correspond to full screens having the area blockages considered
herein. Since the pressure losses varied with angle of attack and the min-
imum loss was larger than might be predicted from reference 4, it is indi-
cated that (1) the losses across the screens (or other flow-straightening
devices) are probably a function of the velocity profile approaching the
screens, and (2) pressure-loss data obtained with uniform flow can not be
used to predict the losses when the flow is not uniform.

The resulting total-pressure profiles at the exit of the diffuser
are presented in figures 17 and 18 for angles of attack of zero and 6°
and are compared with the original profiles. Each flow-control device
eliminated the separation over the upper half of the diffuser exit and
reduced the spread between high and low pressures. The variation of
total pressure at the exit station for zero angle of attack was approxi-
mately +8, +5, and +15 percent of the weighted average total pressure
for the full-screen, half-screen, and rod devices, respectively. These
values compare with -13 to 18-percent variation for the original pressure
distribution. At an angle of attack of 809 further decreases in pressure
spread were obtained except with the half-screen device, which yielded
a spread of -4 to 9 percent. Therefore, the full-screen method gener-
ally offered better exit profiles than did either the half-screen or
rod method, especially at angles of attack other than zero; however, it
was also noted that the largest loss of total pressure was incurred
with the full screen. The relative merits of these three methods for
internal control of exit total-pressure profiles in an actual installation
would depend upon the allowable total-pressure recovery and also upon
the limits of total-pressure variation across the compressor face of the
turbojet engine.

*




NACA RM E54I24 11

Inlet Tests at Zero Flight Speed

Take-off conditions at zero flight speed were evaluated by induction
of ambient air through the inlets with tunnel exhauster equipment. The
resulting pressure-recovery and mass-flow data are presented in figure
19. Mass flow through the inlets is referenced to the theoretical
choking mass flow determined from the minimum throat area and the ambient
total pressure. Also presented for comparison is the theoretical per-
formance of an open-nose sharp-lip inlet (ref. 5). The performance
of all inlets was reasonably close to the theoretical values (which
included an assumed subsonic-diffuser loss of 5 percent of the inlet
dynamic pressure), although the pressure recovery was generally lower
than'theoretical. BEach inlet attained within 0.03 of the theoretical
mass-flow ratio.

SUMMARY OF RESULTS

A preliminary investigation was conducted at Mach number 1.9 to
study the internal performance of several wing-root inlets using two-
dimensional external-compression surfaces. Parameters studied included
inlet shape, sweep of the compression-surface leading edge, and
compression-surface location. The inlets were tested with relatively
short curved subsonic diffusers, simulating the ducting requirements of
proposed fighter aircraft, and with straight diffusers of lower diffusion
rate. The results of this investigation may be summarized as follows:

1. The variation of inlet total-pressure recovery and mass flow
with angle of attack followed the trends predicted by theory, although
the pressure recovery for each inlet type was lower than the theoreti-
cal values. The diffusion losses were essentially independent of
inlet shape and sweep of the compression-surface leading edge. Some-
what larger losses were incurred when the compression surface was
located centrally compared with the upper leading-edge location for a
triangular-shaped inlet.

2. Inlets with curved subsonic diffusers suffered considerably
larger diffusion losses than were incurred with straight diffusers.

3. Variations in total-pressure recovery across the diffuser exit
were as large as +28 percent of the weighted average pressure for the
curved-diffuser models compared with 19 percent for the straight-diffuser
models. Separation at the exit frequently occurred. Several internal-
flow-control devices were installed in a typical inlet; these devices
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eliminated the separated regions and reduced the variation of pressure
recovery across the diffuser exit. However, improvement in exit pro-
file was accompanied by a loss in over-all total-pressure recovery.
These losses could not be predicted from data which had been obtained
with uniform flow approaching the flow-control devices.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, September 24, 1954
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TABLE I. - MODEL CHARACTERISTICS

Model |Inlet Inlet Sweep Compression- | Subsonic- | Wedge Projected Throat
shape angle of surface diffuser angle, frontal area area,
wedge, location type deg at zero angle |sq in.
deg of attack,
sq in.
1-5 Straight
——— 1l 0 Upper Slels 6.68 Sk
1-C Curved
2-S 2 0 Center Straight | 10 6.68 5,19
3-S BRI Straight
3 0 Upper 12 65:95 519
3-C Curved
4-8 M Straight
b
4 40.0 Upper 6.0 Bl 5
4-¢ Curved

8Measured in stream direction in plane normal to wedge leading edge.
b1p plan view, 40.00; with respect to air flow, 38.8°.
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Sketch of models (all dimensions in inches).
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(e) Model 3-C.

Figure 1. - Continued. Sketch of models (all dimensions in inches) .
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Wedge angle (6°17' in vertical plane,
6° in normal plane)
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(£) Model 4-8.

Figure 1. - Continued. Sketch of models (all dimensions in inches).
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Wedge angle (6°17" in vertical plane,

6° in normal plane)
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Figure 1. - Concluded.
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__TLeading }

edge of § —Inlet lower lip|
compression|
surface

View of lower side of model

(a) Model 1-S.

Figure 2. - Photographs of wing-root inlet models.
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Inlet lower lip|
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‘ Leading

| . ledge of
compression

\ surface

INCHES

(b) Model 1-C.

Figure 2. - Continued. Photographs of wing-root inlet models.
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C-34563

Front view
(Rotated 90° clockwise)

Leading edge of
compression surface

Inlet upper lip

Inlet lqwer iip

One-fourth lower front view

(c) Model 2-S.

Figure 2. - Continued. Photographs of wing-root inlet models.
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Leading edge of compression surface

Inlet lower lip

L

Inlet-lip details|

INCHES
0 |
114
Leading edge of qompréééionwéufface
View of lower side of model
(d) Model 3-S.

Figure 2. - Continued. Photographs of wing-root inlet models.
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‘Leading

edge of
compression
surface

i

lower 1lip

View of lower side of model

Figure 2. - Continued.

(e) Model 3-C.

Photographs of wing-root inlet models.
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INCHES
0 |

Leading edge of compression surface

Inlet lower lip

Leading
edge of
compression
surface

INCHES

View of lower side of model

(f) Model 4-S.

Figure 2. - Continued. Photographs of wing-root inlet models.
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compression surface
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. 5inlet lower

View of lower side of model
(g) Model 4-C.

Figure 2. - Continued. Photographs of wing-root inlet models.
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Front view of curved-diffuser models

(Models rotated 90° clockwise)

(h) Model 3-C. (i) Model 1-C. (j) Model 4-C.

Figure 2. - Concluded.

Photographs of wing-root inlet models.
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Figure 3. - Internal area variation for straight-diffuser models.
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(a) Model 1-C.

Figure 4. - Internal area variations of curved-diffuser models.
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(b) Model 3-C.

Figure 4. - Continued. Internal area variations of curved-diffuser models.
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(c) Model 4-C.
Figure 4. - Concluded. Internal area variations of curved-diffuser models.
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1 1
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ol
|
Inlet total- Exit total- (2
pressure rake pressure rake 1
1 |
@)

N\—Angle-of-attack strut

Mass-flow control plug

Aft support body
|

; support body

/—Tunnel wall

(a) General arrangement of model and support system.

11. 256 0 Total-pressure tube
i“ 10.000— ® Wall static orifice
o~
1 f54 Centerbog;
gt - enterbody
it /// //// support strut

e ———

". }‘_0'86 Typical

le 7.860

R

—-{ 1.00

(c) Forward support body; straight-diffuser models.

Typical

Figure 5. - Model arrangement and instrumentation (all dimensions in inches).
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(a) Inlet 4, inlet station 1.0. (b) Inlet 1, inlet station 1825

e 3
g Horizontalg ref. § o ° o Total-pressure tube

e Wall static orifice

o . , =

i Jl’ o)

(¢) Inlet 3, inlet station 1520,

Figure 6. - Instrumentation at inlet throat.
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—
(a) Full screen; 0.50-inch mesh,
0.051-inch-diameter wire.

\ ] |
\

o
(b) Screen in lower diffuser half; 0.50-inch mesh,
0.051-inch-diameter wire.

(c) Rods in lower diffuser half;
0.125-inch-diameter rods.

Figure 7. - Systems for control of total-pressure distribution at diffuser exit.
Model 3-S.
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Figure 8. - Inlet performance at angle of attack.
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Figure 8. - Continued.

Inlet performance at angle of attack.
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(a) Model 3-S. (Arrows on abscissa indicate theoretical critical mass-flow ratios.)

Figure 8. - Continued. Inlet performance at angle of attack.
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Figure 8. - Continued. Inlet performance at angle of attack.
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Figure 8. - Continued. Inlet performance at angle of attack.
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Figure 8. - Concluded. Inlet performance at angle of attack.
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(a) Model 1-S. (b) Model 3-S. (c) Model 3-C. (a) Model 4-C.

Figure 9. - Effect of side plates on inlet total-pressure recovery.
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Figure 10. - Comparison of pressure-recovery performance.
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Static- to total-
pressure ratio,
P/Py 0.70

.71

Zero angle of attack; inlet total-pressure
recovery, 0.79; inlet mass-flow ratio, 0.90.

(a) Model 1-S.

Zero angle of attack; inlet total-pressure
recovery, 0.77; inlet mass-flow ratic, 0.30.

(b) Model 1-C.

Zero angle of attack; inlet total-pressure
recovery, 0.81; inlet mass-flow ratlo, 0.97.

(¢) Model 2-S.

Figure 11. - Total-pressure contours at

NACA RM E54124

.78
Angle of attack, 6°; inlet total-

pressure recovery, 0.85; inlet mass-
flow ratio, 0.99.

Pa/By 0.75

.74
Angle of attack 60; inlet total-

pressure recovery, 0.85; inlet mass-
flow ratio, 0.92.

Po/Py 0.6

.66

Angle of attack, 60; inlet total-
pressure recovery, 0.74; inlet mass-
flow ratio, 0.93. 2 2

exit-rake station.




Static- to total-

pQ/Po

.69

Zero angle of attack; inlet total- Angle of attack, 60; inlet total-
pressure recovery, 0.80; inlet mass- pressure recovery, 0.84; Inlet mass-
flow ratio, 0.94 flow ratio, 0.98.

(d) Model 3-S.

Angle of attack, 60; inlet total-
pressure recovery, 0.84; inlet mass-
flow ratio, 0.98.

Zero angle of attack; inlet total-
pressure recovery, 0.77; inlet mass-
flow ratio, 0.89.

(e) Model 3-C.

Figure 11. - Continued. Total-pressure contours at exit-rake station.
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Statlic- to total-
pressure ratilo,

py/Py 0.67
<7/

Zero angle of attack; 1inlet total-pressure
recovery, 0.75; inlet mass-flow ratio, 0.84.

Zero angle of attack; inlet total-pressure
recovery, 0.75; inlet mass-flow ratio, 0.90.

Figure 11.

- Concluded.

o
Angle of attack, 6 ; inlet total-
pressure recovery, 0.83; inlet mass-
flow ratio, 0.94.

(£) Model 4-S.

DE/PO 0.

.68

Angle of attack, 6°; inlet total-
pressure recovery, 0.81; inlet mass-
flow ratio, 0.95.

(g) Model 4-C.

Total-pressure contours at exit-rake station.
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+52

Total-pressure ratio,
Static~ to total-pressure
> ratio, pZ/PO

95 .70 0.55
.80

Inlet without side plate; zero angle of attack; inlet
mass-flow ratio, 0.92; theoretical shock pressure
recovery,

0.89.

Inlet with side plate; zero angle of attack; inlet mass-
flow ratio, 0.91; theoretical shock pressure recovery,

0.89.

Inlet without side plate; angle of attack, 6°; inlet mass-
flow ratio, 1.00; theoretical shock pressure recovery, 0.92.

(a) Inlet 1.

Figure 12. - Total-pressure distributions at inlet throat.
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.70
.90 <\\\ Static- to total-pressure
ratio, PZ/PO
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pressure recovery, 0.9z
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\
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Inlet without side plate; angle of attack, 60;
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pressure recovery, 0.92.
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o .63 I \__’
95 o 5,
.63

Inlet without side plate; angle of attack, 9°;
inlet mass-flow ratio, 0.99; theoretical shock
pressure recovery, 0.86.

(v) Inlet 3.

Figure 12. - Continued. Total-pressure distributions at inlet throat.
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Total-pressure ratio,
P/P

Static- to total-pressure
ratio, PZ/PO

.43 0.56

Inlet without side plate; zero angle of attack; inlet
mass-flow ratio, 0.92; theoretical shock pressure

recovery, 0.86.

p2/Po
0.44 -

Inlet with side plate; zero angle of attack; inlet
mass-flow ratio, 0.92; theoretical shock pressure
recovery, 0.86.

Inlet without side plate; angle of attack, 6°; inlet
mass-flow ratio, 1.03; theoretical shock pressure
recovery, 0.92.

(c) Inlet 4.

Figure 12. - Concluded. Total-pressure distributions at inlet throat.
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Trace of constant static-pressure
surface on upper half of diffuser

Static- to total- — — — Trace of constant static-pressure
pressure ratio, surface on lower half of diffuser Total-
p/P P /P
pressure 2.0

ratio,

"y sgo \\ \ | R
l

\
\ .
f -
25 /\ o :
| f
Lower lip— <

(.}) —
O

o

o

[Rep—— g

\

(a) Model 1-S, without side plate; angle of attack, 30; inlet mass-flow ratio, 1.01; inlet total-pressure recovery, 0.81.

Lower lip

o
(b) Model 1-C, without side plate; angle of attack, 3 ; inlet mass-flow ratio, 1.00; inlet total-pressure
recovery, 0.77.

Figure 13. - Typical internal static-pressure distributions.
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Trace of constant static-pressure
surface on upper half of diffuser
— — — Trace of constant static-pressure

Static- to total- surface on lower half of diffuser
pressure ratio, Total- pZ/PO
p/P pressure 0.72
0 72
ratio,
P/P

o. ',A \ 7‘65 *

T

.72

(c) Model 3-S, without side plate; angle of attack, 60; inlet mass-flow ratio, 1.02; inlet total-pressure

recovery, 0.83.

l

/P 0.36 4o .45 S0 RESERNEG

o\
b

(d) Model 3-C, without side plate; angle of attack, 6°; inlet mass-flow ratio, 1.01; inlet

total-pressure recovery, 0.78.

Figure 13. - Continued. Typical internal static-pressure distributions.
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Trace of constant static-pressure
surface on upper half of diffuser
fatil to total ———————— Trace of constant static-pressure
SELica. e SO surface on lower half of diffuser Total- pz/P

pressure ratio,
D po pressure go 0,62

0. 2; 25\\50 35 4 \5 \50 ]55 .6|O
. . . ’ i |

Lower lip / /
/

(e) Model 4-S, without side plate; zero angle of attack; inlet méss-flow, 0.94; inlet total-pressure recovery,
075

Lower lip

(f) Model 4-C, without side plate; zero angle of attack; inlet mass-flow ratio, 0.95; inlet total-pressure
recovery, 0.72.

Figure 13. - Concluded. Typical internal static-pressure distributions.

¥S

V2IPSH W VOVN




®
3

~
o

~
[av)

Inlet total-pre ssure recovery, PZ/PO

Angle of attack,
deg
v -3
o (]
o 3
<o 6
4 9 O
— — Unstable inlet O
C""Q\ operation q i
Al AEL--:1,\\ & L}j;
; L 3
0= \\t‘ F\ il
P & l B al
\Q e Q | o
\ b4 \k J’ \Y
D 7 4
)
X ! !
\ (0]
v [

.
(o2}
@

]

9 130 15 EERS 29 1.0 AT L 8 .9, 130 P
Inlet mass-flow ratio, mZ/mO

(a) Full screen. (b) Sereen in lower half of diffuser. (c) Rods inserted in lower half of diffuser.

Figure 14. - Inlet performance with internal-flow devices. Model 3-S.
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QO Original model, no correction
O Full screen at model station 9.0
/A Half screen at model station 9.0
{ Rods in lower diffuser half at
model station 9.0
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T
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(a) Peak pressure recovery. (b) Critical pressure recovery.

Figure 15. - Effect of internal-flow control devices on pressure recovery of model 3-S. No side plate.
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O Full screen
O Half screen
— — Data of ref. 4 for full
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area blockage
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Figure 16. - Total-pressure loss across screens for internal
. flow control.
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Static- to total-
pressure ratio,

p./P,
0.69

Inlet total-pressure recovery, 0.75;
inlet mass-flow ratio, 0.90.

(a) Full screen.

Inlet total-pressure recovery, 0.78;
inlet mass-flow ratio, 0.96.

(¢) Rods in lower half.

NACA RM ES54I24

Inlet total-pressure recovery, 0.78;
inlet mass-flow ratio, 0.24.

(b) Half screen.

.61

Inlet total-pressure recovery, 0.73;
inlet mass-flow ratio, 0.95.

(d) No internal-flow control devices.

Figure 17. - Effect of internal-flow control devices on exit total-pressure contours. Model

3-S; zero angle of attack.
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Static- to total-

pressure ratio, P, /E
p2/PO 2/ (0]
0.7

<16
Inlet total-pressure recovery, 0.82; Inlet total-pressure recovery, 0.84;
inlet mass-flow ratio, 0.97. inlet mass-flow ratio, 0.99.
(a) Full screen. (b) Half screen.
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0.84; Inlet total-pressure recovery, 0.78;

Inlet total-pressure recovery,
inlet mass-flow ratio, 1.02.

inlet mass-flow ratio, 1.01.
(c) Rods in lower half. (a) No internal-flow control devices.

Fiﬁufe 18. - Effect of internal-flow control devices on exit total-pressure contours. Model
3-S; angle of attack, 6
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Inlet total-pressure recovery, P2/PO

Model
1 0O 1-5
. i\ o l—C
b A 2-S
lo) 3-5
e [N 3-C
\ v 4-S
9 \\\\s,j‘\; a4 4-C
" &) ——— — Theoretical
\\ (rats &)
~
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Inlet mass-flow ratio, mz/mo

Figure 19. - Performance of wing-root inlets at zero flight speed.
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