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PERFORMANCE OF AN ISENTROPIC, ALL-INTERNAL-CONTRACTION,
AXTISYMMETRIC INLET DESIGNED FOR MACH 2.50%

By David N. Bowditch and Bernhard H. Anderson

SUMMARY

An experimental investigation of an internal-contraction, axially
symmetric inlet with isentropic compression surfaces on both the cowl
and centerbody was conducted over a range of Mach numbers from 2.0 to
2.7 at angles of attack from 0° to 6°. The study was made to determine
the optimum bleed system, together with a method of controlling the
inlet.

At Mach 2.5, bleeding of about 0.3 percent by means of perforations
ahead of the throat allowed a 3-percent-larger running contraction ratio
than could be obtained with no supersonic bleed and permitted the center-
body to retract to the design position. The best subsonic bleed system
consisted of flush slots located opposite each other on the cowl and
centerbody just downstream of the throat. By bleeding 13 percent with
this system, a peak recovery of 0.91 was obtained at Mach 2.5. Cowl
static pressures ahead of these slots appeared to be satisfactory for
sensing the normal-shock position. However, the centerbody position
would have to be scheduled with Mach number, angle of attack, and
Reynolds number since no.pressure signal was found that would permit
prediction of critical internal contraction.

INTRODUCTION

External-compression inlets are capable of efficient compression at
Mach numbers above 2.0, but the wave drag associated with the external
cowl tends to be high. One approach to eliminate high cowl wave drag
is to use all-internal-compression-type inlets with low cowl angles,
such as in references 1 and 2.

The problems associated with the operation of internal-compression
inlets sre numerous. To investigate some of these problems, the test at
Ames laboratory of an internal-compression axisymmetric inlet was extend-
ed in the Lewis 10- by 10-foot wind tunnel (refs. 3 and 4). Of primary

*Title, Unclassified
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interest in this investigation was the effect of various bleed config-
urations on the operating characteristics of the inlet, the effect of
off-design operation, and the evaluation of a control parameter for op-
timizing inlet performance.

SYMBOLS
A flow area
Al annular cowl-lip flow érea
Ain  inlet capture area
Ath throat area
M Mach number
P total pressure
P average total pressure
AP difference between maximum and minimum total pressures at a
station
P static pressure
R cowl radius at station 2
r radial distance from inlet centerline
Re Reynolds number
o angle of attéck
Subscripts:
0 free stream
1 cowl lip
2 inlet throat station at design centerbody position
3 diffuser inlet

4 flow measuring station 14 in. upstream of choked area
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APPARATUS AND PROCEDURE

The inlet was investigated in the 10- by 10-foot supersonic wind
tunnel at Mach numbers of 1.99, 2.10, 2.20, 2.30, 2.40, 2.50, 2.59, and
2.69 and Reynolds numbers per foot of 2.5X106, l.SXlOG, and 0.64x106,
Angle of attack was varied fram 0° to 6°.

The theoretical contour of the supersonic compression surfaces of
the inlet was determined by using axially symmetric characteristics.,
The flow was assumed to be Mach 2.5 in the free stream and 1.20 at the
throat. Previous experimental tests of a similar inlet had indicated
that a throat Mach number as low as 1.2 could not be obtained and that
considerable boundary-layer buildup occurred on the compression surfaces.
The throat area was increased to 113.2 percent of the theoretical area
to allow for these conditions. The area increase was diminished with
distance upstream of the throat and became zero at the spike tip and
cowl lip.

Two inlets differing only in supersonic diffuser length were de-
signed by this method and will hereafter be called the original long
inlet and the short inlet. The longer inlet had about one third the
maximum pressure gradient and twice the length from cowl lip to throat
of the short inlet. After testing the original long inlet, enlargement
of the throat area an additional 2 percent by reducing the centerbody
diameter was found to be desirable. The long inlet with the Z2-percent-
larger throat area shall hereafter be called the modified long inlet.

A cutaway view of the inlet showing the supersonic compression sur-
faces and the optimum subsonic bleed located in the intermediate section
is presented in figure 1. The several bleed configurations tested in-
cluded perforated bleed in the supersonic and subsonic parts of the dif-
fuser, and flush slots at two locations in the subsonic diffuser. The
configurations for which data are presented are shown in figure 2.
Figure 2(a) shows the basic inlet with no bleed, while figure 2(b) shows
the long and short inlets with the constant-Mach~number section and
supersonic perforated bleed. The subsonic slots and perforations were
always tested in combination with approximately 1 percent-bleed through
supersonic cowl perforations to the free stream, as shown in figures
2(c) and (d). Also shown in figure 2 are the locations of stations 1,
2, and 3 corresponding to the cowl lip, throat, and diffuser exit.
Station 4, the mass-flow measuring station, is located 14 inches ahead
of the choked exit.

The rear part of the model contained plugs for controlling the main
flow as well as spike- and cowl-bleed flows. The intermediate part of
the model in the region of the throat could be assembled so that either
bleed slots, perforated bleed, a constant-Mach-number section, or some
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combinations of these could be included. The forward cowl-bleed slot,
with the supersonic part of the cowl and spike removed, is shown in fig-
ure 3(a), and the three centerbody constant-Mach-number sections contain-
ing the forward and rear slots and perforated bleed are shown in figure
S(b). The inlet supersonic compression surfaces of the cowl and center-
body attach to the front of the intermediate section, as shown in figure
1. Both the centerbody tip and the cowl lip were roughened by grooves
to try to induce early transition.

The bleed-slot dimensions are given in figure 4. The areas of per-
forated bleed consist of l/8-inch-diameter holes drilled perpendicular
to the inlet centerline. The holes were staggered from row to row (as
seen in fig. 3(b)) with 0.188 inch between hole centers in each row.

The distance between centerlines of two adjacent circumferential rows
was 3/16 inch. Perforated bleed could be located anywhere in the region
from 1.4 inches ahead of the throat to 8.0 inches downstream of the
throat on the cowl and 10 inches downstream of the throat on the
centerbody.

The internal-flow area for various centerbody positions is given in
figure 5 for the configurations of primary interest. The coordinates
for the short inlet and the two long inlets are presented in table I.
These coordinates include the- constant-Mach-number section between 1.2
and 5.2 inches behind the throat. When the constant-Mach-number section
was not in use, the small step on the centerbody indicated by the coordi-
nates in table I was faired.

The inlet pressure recovery and distortions were measured at the
diffuser exit (station 3) with 36 area-weighted total-pressure tubes
(in six rakes) and six wall static-pressure orifices. Distortions were
‘calculated by taking the difference between the maximum and minimum
total pressures and dividing by the average. Static orifices were lo-
cated on the inner cowl surface from 1.5 inches downstream of the cowl
lip to downstream of the throat. The centerbody had no pressure instru-
mentation because of the difficulties imposed by the large translation
of the entire centerbody. The conditions at station 2 were measured by
eight total-pressure tubes in a rake and three static-pressure orifices.
Throat Mach numbers were calculated from the ratio of the average total
pressure from the rake to the average static pressure. The rakes at
stations 2 and 3 and the cowl orifices can be seen in figure 1.

Main-duct and bleed-duct mass flows were calculated by using six
static orifices located at station 4 and by assuming isentropic one-
dimensional flow between stations 4 and the known choked-discharge area.
The bleed-flow recoveries were measured by two 19-tube area-weighted
rakes, located at station 4, in both the centerbody- and cowl-bleed ducts.
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Static-pressure variations were obtained from three pressure trans-
ducers located ahead of the forward cowl-bleed slot and one located just
behind the cowl slot. Signals from these transducers and the exit-plug
position were recorded on an optical oscillograph, while the plug was
opened from the peak-recovery position and then closed until the inlet
went subecritical. Plug position and inlet recovery were correlated so
that a plot of pressure signal against recovery could be obtained.

RESULTS AND DISCUSSION
General Inlet Performance

The performance of the short inlet was poor because its centerbody
could not be retracted into the design position without subcritical op-
eration up to a free-stream Mach number of 2.7. With the inlet started,
maximum cobtainable contraction remained approximately constant from Mach
2.4 to 2.7, even though the corresponding allowable isentropic contrac-
tion increased about 30 percent. Throat-rake measurements showed a
large low-energy-air region on the spike, which indicates that some kind
of shock boundary-layer interaction was always encountered at this mini-
mum spike extension. The short inlet was not investigated further be-
cause of this starting problem.

The peak-pressure-recovery performance of the long inlet is pre-
sented in figure 6. At Mach 2.5 with no bleed (open circles) the center-
body of the original inlet could be retracted to only 0.42 inlet diam-
eter ahead of the design position while the inlet remained started. The
addition of a small amount of perforated bleed upstream of the throat
(solid circles) allowed the spike to be fully retracted with the result-
ing increase in pressure recovery from 0.79 to 0.845. The best subsonic
bleed configuration (squares) further increased the recovery to 0.91 and
decreased the distortion from 0.31 to 0.12. This configuration obtained
similar gains at Mach 2.6, but at Mach 2.0 it gave a lower total-pressure
recovery than the configuration with no constant-Mach-number section in
spite of the fact that it had no bleed. The better performance is believed
due to the better alinement of the compression surfaces at the maximum
contracted condition when no constant-Mach-number section was included.
Another factor is that the bleeds were not located in the most effective
area, the throat, when the centerbody was extended about 1.2 inlet diam-
eters for Mach 2 operation. .

With no subsonic bleed, the use of the constant-Mach-number section
gave conflicting results. For example, the maximum obtainable recovery
at design centerbody position was increased 1.5 percent by using the
section at Mach 2.6, while it dropped 1 percent at Mach 2.5 (fig. 6).

At Mach 2.5, a configuration with no constant-Mach-number section but

»
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with two rows of perforations on the centerbody opposite the forward
cowl slot was run to determine the effect of the constant-Mach-number
section with good subsonic bleed, and no measurable effect was observed.
Based on these observations, the constant-Mach-number section does not
seem to appreciably increase the recovery at Mach 2.5, and the addition-
al extension required by the section decreased the recovery at Mach 2.0,

Increasing the throat area 2 percent over that of the original in-
let did not change the maximum obtainable contraction ratio (Ac/AT) of

about 2.2 with the inlet started at Mach 2.5. A contraction ratio of
2,22 was needed to retract the spike of the modified inlet to the de-
sign position, however, so that neither inlet could operate under
started conditions with the centerbody fully retracted. When both long
inlets were run in the design position with the addition of perforated
bleed ahead of the throat, they both obtained the same throat recoveries
at peak-inlet-recovery conditions. The Mach number calculated at the
throat at these conditions was less for the modified inlet, even though
its throat area was 2 percent larger. With the normal shock well down-
stream, however, the throat Mach number of the modified inlet increased
until it was higher than that of the original inlet, which was little

affected by shock position. It therefore appears that the terminal

shock affected the flow ahead of the throat of the modified inlet in
such a manner that both inlets obtained essentially the same throat re-
covery. All further data are for the modified long inlet unless other-
wise indicated.

The inlet was sensitive to centerbody position as shown in figure
6, where at Mach 2.5 an extension of 0.42 inlet diameter caused a loss
of 2.0 to 3.5 counts in total-pressure recovery. The corresponding

-change in contraction ratio (Ain/Ath) from 2.22 to 2,18 changes the cal-

culated recovery only 1 percent. Figure 7(a) presents a comparison be-
tween the theoretical (isentropic) pressure distribution and the experi-
mental pressure distributions for the two points A and B in figure 6.
The design condition (point A) shows a smooth inlet pressure distribu-
tion and good agreement with the theoretical prediction. Off-design
centerbody position (point B), however, causes large variations in pres-
sure from the theoretical curve, as shown in figure 7(a). This poor
pressure distribution increased the cowl boundary-layer thickness at
station 2, as illustrated by the total-pressure profile in figure 7(b).

The effect of angle of attack on peak pressure recovery is pre-
sented in figure 8. At zero angle of attack and a free-stream Mach
number of 2.5, a pressure recovery of 91 percent was obtained. Increas-
ing the angle of attack to 3° caused the recovery to drop to 88.8 per-
cent. The spike position for both these conditions was the design
position for Mach 2.5.
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A similar trend existed at Mach 2.0, where peak pressure recovery
decreased from 86 percent at zero angle of attack to 78.3 percent at 69
angle of attack.

During the test, it was observed that the inlet remained super-
critical at the design contraction ratio (Ain/Ath = 2.22) up to an angle
of attack of 4.75° at Mach 2.5, after which the inlet became subcritical.
The maximum contraction ratio that could be obtained at 6° angle of
attack was 2.175, which corresponds to a centerbody extension of 0.575
inlet diameter ahead of the design position. At Mach 2.0, an extension
of 0.061 inlet diameter from the minimum obtainable at o = 0° was re-
quired to reach a = 60, as seen in figure 8.

The effect of Reynolds number on the maximum obtainable contraction
ratio is shown in figure 9. A decrease in Reynolds number from 2.5x10
to 0.64x106 per foot required a centerbody extension of 0.60 inlet diam-
eter in order to maintain supercritical flow. This is a large center-
body translation, but it represents a change of only 3 percent in the
contraction ratio. The Reynolds number change is much larger than
would be encountered on an actual aircraft during maximum flight speed,
but it illustrates that it may be necessary to account for this effect.

When the normal shock is regurgitated, a large spike translation
and an increase in airflow is required to start the inlet. The start-
ing contraction ratios (Al/Ath) for one of the configurations tested are

shown in figure 10. The maximum theoretical contraction ratio based on
free-stream Mach number is shown for comparison. The ability of the
inlet to start with more contraction than that predicted by the free-
stream Mach number is probably due to the separation on the centerbody,
as shown in figure 11(g). This separation spilled flow around the inlet
cowl lip while the inlet was unstarted, but disappeared just as the in-
let started.

Schlieren pictures of the inlet during the starting cycle at Mach
2,50 are given in figure 1l. Figure 11(a) shows the inlet just after
the shock was lost and before the back pressure was reduced. Under
these conditions the inlet obtains normal-shock recovery of about 0.50
and is unstable. The instability, measured with the spike in the de-
sign position just after the shock was lost, was found to be random.
Two separate measurements at the cowl-bleed slot indicated amplitudes
of 3 and 6 percent of the free-stream total pressure. The flow was in-
termittently stable, as in figures 11(c), (f), and (g), and unstable as
shown by the waviness of the shock waves in figures 11(a), (b), (d), and
(e) when the centerbody was extended. The inlet went supefecritical at a
centerbody extension of 1,337 inlet diameters, which was indicated by
the disappearance of the separated flow region on the centerbody between
figures 11{g) and (h). The inlet in the running condition at Mach 2.5
is shown in figure 11(i).

jﬁi.l!!!!!!:!n'
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Bleed Performance

Supersonic perforated bleed upstream of the throat of only about
0.3 percent of the capture mass flow was required to retract the spike
of the original long inlet into the design position at Mach 2.5. The
bleed thus allowed an increase in the contraction ratio of 3 percent and
therefore accomplished what a 2-percent increase in throat area could
not. Figure 12, which presents the performance of the bleed systems
tested, shows that an increase above this minimum amount of supersonic
bleed had little effect on the inlet pressure recovery. Static pres-
sures 1in the throat region indicated that additional supersonic bleed
also badly distorted the flow. All subsonic slot and perforated bleed
configurations that could be retracted into the design position bled
approximately 1 percent ahead of the throat to the free stream.

In addition to the supersonic bleed performance, figure 12 also pre-
sents the peak inlet recovery, bleed-flow recovery, and inlet distortion
as a function of cowl- and spike-bleed flow for the subsonic bleed con-
figurations. The most successful bleed system, consisting of the origi-
nal forward slots, obtained the highest inlet recovery with a relatively
low bleed flow. The inlet recovery increased linearly with cowl-bleed
flow from Pz/Py = 0.847 until the cowl bleed choked at Pz/Pg = 0.91,

as can be seen by the bleed recovery decreasing sharply at 0.09 bleed
flow. The distortion decreased from 0.23 to 0.115, while the bleed flow
was increased over the same range. Enlarging the cowl bleed did not
affect the bleed performance below a bleed-mass-flow ratio of 0.07, but
above this the performance dropped below that of the original forward
slot and never quite reached an inlet recovery of 0.91 in spite of bleed-
mass~-flow ratios up to 0.126. However, the bleed recovery was greatly
increased and the inlet distortion was slightly improved by enlarging
the cowl-bleed slot. Moving the slots back to the rear position increased
the bleed flow required for a given pressure recovery. The cowl-bleed
recovery improved over that for the original forward slot, but not as
much as with the enlarged forward slot. Also, the distortion was con-
siderably higher for the rear siots than for either of the forward slots.
The forward and rear centerbody slots both produced about the same per-
formance except that the slot in the rear position did not choke at as
low a weight flow.

The subsonic perforated bleed produced about the same inlet recovery
as the forward slots up to a bleed mass flow of about 0.04 and a recovery
of 0.875. Additional bleed flow improved the distortion but had little
effect on the inlet recovery. .The bleed-flow recoveries were poor for
this bleed system. -

The static pressure at Mach 2.5 in the vicinity of the forward slots
is shown in figure 13, where it is plotted as a function of inlet recovery.
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Probe D indicates that the shock train begins to reach the forward slot
at an inlet pressure recovery of 0.83, which is the peak recovery with
no subsonic bleed. The shock train consolidates on the bleed, as indi-
cated by a continued increase in probe D pressure; and its effects are
not felt forward of the slot until a recovery of 0.886 is reached, as
shown by probes A, B, and C. At inlet pressure recoveries above 0.886,
the static pressure ahead of the slot increased until the inlet became
subcritical at a recovery of about 0.91. The noise iundicated in the fig-
ure is the amplitude of a high-frequency oscillation observed when the
static probes began to indicate the effects of the shock.

Inlet Control

The control of this inlet presents two problems: the control of
the normal or terminal shock, and the positioning of the centerbody for
optimum internal contraction. The normal-shock position can be con-
trolled by a bypass that will have to be fairly large to meet starting
and off-design weight-flow requirements. These requirements are illus-
trated by the corrected weight flow at station 3 increasing 45 percent
during starting at Mach 2.5, and being 31 percent higher at peak-recovery
conditions at Mach 2.0 than at the same conditions at Mach 2.5. The
static pressure ahead of the forward slot produced a potentially useful
bypass-control signal, as seen fram figure 13. No control-signal data
were taken at off-design spike positions and Mach numbers.

In the previous discussion of angle-of-attack performance, it was
shown that to reach a = 6° with the inlet supercritical, the centerbody
would have to be extended ahead of the peak-recovery position at zero
degrees. This centerbody extension would cause a loss in recovery at
a = 0° of 2 and 4 counts at Mach 2.0 and 2.5, respectively. The center-
body of this inlet therefore must be positioned as a function of angle of
attack to obtain good performence. Also, to obtain good inlet performance,
the control will have to account for Reynolds number, as can be seen from
the data presented in figure 9.

The centerbody translation required by the change in Mach number
from 2.5 to 2.0 is 1.32 inlet diameters for the long inlet with constant-
Mach-number section, as illustrated in figure 6. To have essentially no
internal contraction for transonic operation, this configuration would
require an extension of about 2 inlet diameters. This extension could
be reduced to l.14 and 1.56 for Mach 2.0 and approximately no contraction
conditions, respectively, by removing the constant-Mach-number section.
This centerbody movement would probably have to be scheduled with Mach
number, as no internal pressure signals were observed that would predict
the optimum internal contraction.
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SUMMARY OF RESULTS

An all-internal-contraction isentropic inlet was tested in the 10-
by 10-foot wind tunnel with the following results:

1. At Mach 2.5, the inlet recovery was increased from 0.83 to 0.91
by bleed of 0.13 of the inlet mass flow by means of flush slots just
downstream of the throat.

2. Bleed forward of the throat was very effective in permitting re-
traction of the spike into the design position. However, increasing the
amount of this bleed beyond the minimum required for spike retraction had
little effect on the inlet pressure recovery. :

3. Centerbody position would have to be scheduled with angle of at-
tack and Reynolds number as well as flight Mach number in order to av01d
51gn1flcant losses in inlet pressure recovery.

4, The static pressures in the throat forward of the flush slots
appeared to be potentially useful for controlling the inlet normal-shock
position at Mach 2.5 and zero angle of attack.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, May 22, 1958
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C-45190

(a) Forward cowl slot with cowl and center-
body removed.

C-45156

(b) Centerbody constant-area sections showing bleed slots (forward and
rear) and perforations.

Figure 3. - Representative parts of bleed configurationms.
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Flow wsmp-

A
\\\\\\j:0.0Z—In. radius

0.25-In. radius

7050\ 40°
. . .
Bleed slots A, B,
' in. deg
Centerbody 0.154 | 7°30"
Original cowl (forward and rear) .154 | 230"
Enlarged forward cowl .205 | 2930

Figure 4. - Slot geometry.
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Peak pressure recovery,
P3/P

Distortion, APz/P;

L ] oo o oe o [ ] L] LE N ) LN ] L X N J
o o o o o . e o o ¢ o o [ eoe
: : .: : .:_ : .. (‘. NT.‘ .IAI': *e o o 1‘& 8E
oo see o s o e "QQ ] Eco. es" see “es ...CA RM EG8EL6
T
O Perforated subsonic bleed and constant-Mach-number section
o] No subsonic bleed or constant-Mach-number section
a Optimum subsonic bleed and constant-Mach-number section
A Constant-Mach-number section but no subsonic bleed
Solid éymbols indicate about 1 percent perforated cowl bleed
ahead of throat
A and B - points used in fig. 7
1.0 i i
Mach number,
- M —
! 2.5
2.0
.9
A
2.6
R u - !
&\ :
.80 0
\ /O’O'O\Q\ ¢t
2‘ i - o W
Q \O\Q
.70 N
.50
.4 3 O
0 \}:1
5 \
.30 * B \\*3
\ A \o/d ~—~0-
.20
\‘\ 5 ;2
1 ?
1.0 1.4 1.8 6] .4 .8 1.2 0o .4 .8 1.2

Centerbody position, inlet diam ahead of design position

Figure 6. - Over-all inlet performance. Reynolds number, 2.5>(1O6 per foot.
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Radial position,

Cowl static-pressure ratio, p/PO

r/R

21

eeo AL IR P L PR L RS-
o & o9 L] [ ] [ I L ] ® o0 [ ] :. : :
:.. :.. ..g Q..IIQ ! ;{ ... : : : ooe 00
-5 T T T T T T T
Extension, Point on (ml H
cowl diam fig. 6 947
. —o o A o Lar-|P
: ——-=0 0.42 B
' /‘/So\c/
- — — Theoretical pressure 1
distribution
P o
3 /
. £ o
|
A
.2 o / /
/] N~ ;L—f)‘;<j
4/ ;l’
¥ P’
/’/D //
1 i o /éo%
: ot o=
f=—o——°—
0 -
14 i2 10 8 6 4 2 o] -2
Linear distance from throat, in.
(a) Cowl static-pressure distribution.
1.0 o~ ] 09—
T =0
.8
o
19
.6
.5 .6 .7 .8 .9 1.0
Throat total-pressure ratio, Pz/P0
(b) Throat total-pressure profile.
Figure 7. - Effect of centerbody translation on supersonic performance of

modified long inlet with subsonic perforated bleed.
Reynolds number, 2.5x106 per foot.
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HASA RM E58E16

1.00 ] l : I

. Spige extepsion, Free-stream
3? inlet diam Mach number,_|
N 0 Mo

oy
I“ (//////<:\\\ °

= 90 —_— 2.5 —
o .

9 Laz0 | o 2.0

8 0 —1.352 ’

a 1

3 1.381

a .80 |

0 1l

o

Cl

©

[a¥

.700 P 7 6

Angle of attack, deg

Figure 8. - Effect of angle of attack on peak pressure recovery (modified

Maximum contraction
ratio, Ain/Ath

long inlet with forward enlarged cowl and original centerbody slots and
constant-Mach-number section; Re, 2.5%x106 per ft).

2.3
L—O
- ]
'_____,-—()“
//
o
2.1
.6 1.0 1.4 1.8 2.2 2.6

Reynolds number x.0~6

Figure 9. - Effect of Reynolds number on maximum obtainable contraction
ratio at Mach 2.5 (modified long inlet with forward enlarged cowl and
original centerbody slots and constant-Mach-number section).
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Starting contraction ratio,

Ay Ay,

- s i fLodEmimmiaL.e 13Tl LS
T T T T T T T

—— —— — Maximum theoretical
starting contraction
ratio based on free-

1.4 stream Mach number
/O
1-3 ——
. w—— T
—r" - -
—/ =l
1.2 D7
ol
1.1
2.0 2.1 2.2 2.3 2.4 2.5 2.6

Free-stream Mach number, MO
Figure 10. - Starting characteristics for the original long

inlet with no constant-Mach-number section and no bleed.
Reynolds number, 2.5%108 per foot.

CONFIDENTTIAL

23



24 Ll TiE el comtnimmian Lol L JVicA RM ESGEL6

(a) Subcritical at design (b) Extension ahead of design (¢) Extension, 0.462 inlet
position. position, 0.144 inlet diameter.
diameter.

(d) Extension, 0.778 inlet (e) Extension, 0.936 inlet (£) Extension, 1.097 inlet
diameter. diameter. diameters.

‘ il C-47898
(g) Extension, 1.320 inlet (h) Minimum extension for (1) Supercritical at
diameters. starting, 1.337 inlet design positionm.

diameters.

Figure 11. - Spark schlieren photographs of inlet starting at Mach 2.5.
Reynolds number, 2.5x10° per foot.
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LN Supersonic perforated bleed
o Original forward slots
a Forward enlarged cowl and
original centerbody slots
.80 <o Rear slots
A

Subsonic perforated bleed
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Bleed-system recovery,
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Peak pressure recovery,
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(a) Cowl-bleed performance for optimum (b) Centerbody-bleed
centerbody-bleed flow. " performance for opti-
mum covwl-bleed flow.

Figure 12. - Performance of bleed configurations. Mach number, 2.5;
Reynolds number, 2.5%<10% per foot.
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-stream static pressure, p/po

Pressure ratio with free
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14
T T 1T T T 7
o) Initial condition for transient " |Noise
- Increasing recovery
-— -—~— Decreasing recovery M
13— Lines indicate average pressure. / /Y
Amplitude of superimposed oscil- ) /
lation or noise in vicinity of /
— peak recovery condition is //
indicated / /
12 7
Y
V/
7
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d
11 ~
—————
Probes -
) Flov == £ B C D
/
10 V7 7
Probe D /] - -
1 54 Throat n
L/
9
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|
[ l ) Noise—;tﬁf/—l’robe A
7 3 /A
I I / /
s | / ' Andependent of
i I direction of shock
t movement
] L .
b/
S
.80 .82 .84 .86 .88 .90 .92
Pressure recovery, PIS/PO
Figure 13. - Static pressure in region of forward slot (modified 'long inlet with forward

eniarged cowl and origigal centerbody slots). Angle of attack, 0°; Mach number, 2.5;
Reynolds number, 2.5%10° per foot.
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