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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FORCE, MOMENT, AND PRESSURE CHARACTERISTICS OF SEVERAL ANNULAR
NOSE INLETS AT MACH NUMBER 3.85

By James F. Connors and Richard R. Woollett

SUMMARY

An investigation to evaluate the over-all performance character-
istics of several annular nose inlets was conducted in the Lewis 2- by
2-foot supersonic wind tunnel at a Mach number of 3.85. The four experi-~
mental configurations consisted of a one-cone, a one-cone (low-angle
cowl), a two-cone, and an isentropic inlet. Over an angle-of-attack
range from 0° to 9°, complete pressure and three-component force data
were recorded.

For application in a hypothetical ram-jet engine at zero angle of
attack, the isentropic inlet indicated the best over-all performance on
the basis of gpecific fuel consumption and propulsive thrust as a result
of its ability to attain a high total-pressure recovery without pro-
hibitive external drag. The one~cone (low-angle cowl) inlet had the
smallest external drag and was comparable in performance with the
two-cone inlet. At the low Reynolds number of the present tests, the
application of roughness on the splke tip of both the two-cone and the
igentropic inlets eliminated laminar-boundary-layer separation and
effected a reduction in the external drags through reductions in mass-
flow spillage.

For the one-cone inlet with varying degrees of supersonic mass-flow
splllage, the experimental values of additive drag agreed quite well
with theoretical predictions. At angle of attack, theory tended to
underestimate the pitching-moment coefficient, the normal force
coefficient, and the angle-of-attack drag rise, particularly at the
higher angles.

INTRODUCTTION

For application at a particular Mach number, the aim of good inlet
design is the attainment of a high total-pressure recovery and a low
external drag. Often it i1s found that there is a conflict between these
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objectives and one can be achieved only at the expense of the other.
Consequently, & compromise between the internal and extermal flow
geometries must be made. Currently, only limited data are available
on diffuser performance at Mach numbers greater than 3.0. Therefore,
in order to obtain further insight into the criteria involved in the
design of high Mach number diffusers, the NACA has undertaken an
experimental research program that includes the investigation of the
various conventional annular nose inlets at a Mach number eR™5.85.

The initial phase of this research, which is primarily concerned
with the diffuser characteristics of pressure recovery and mass flow,
is reported in reference 1. The gecond phase of the research, covered
in the present report, is concerned chiefly with the drag aspect of
high Mach number inlets. Accordingly, the experimental investigation
was directed toward (1) the determination of the aerodynamic forces
and moments acting on the various inlet configurations over a wide
range of angles of attack, (2) the evaluation and component breakdown
of the external drags at zero angle of attack, and (3) the determina-
tion of additive drag coefficient as a function of supercritical flow
spillage behind a conical shock.

The experimental configurations (the same as those used in ref. 1)
were axially symmetric annular nose inlets employing single-shock- and
maltishock-generating centerbodies, or, more gpecifically, one-cone,
two-cone, and isentropic inlets. Pressure and three-component balance
(normal-force, axlal-force, and pitching-moment) measurements were
obtained for each configuration operating over a range of angles of
attack from 0° to 9°.

SYMBOLS

The following symbols are used throughout this report:

A model flow area, sq ft

Apex maximum frontal area of model

Ay maximum capture area defined by cowl-lip diameter, sq ft
Ca axial-force coefficient, axial force/qpAnax

drag coefficlent, D/qOAmaX

thrust coefficient, F/qohiax

3028 °
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CF)P

Cm

)

mnz

Nke

propulsive thrust coetficient, (F - D)/qOAmax
pitching-moment coefficient, NX/qpA qx
normal force coefficient, N/qOAmax

drag, 1b

thrust, 1b

fuel-air ratio

over-all length of model (from spike tip to base), ft
Mach number

mass-flow rate through free-stream tube area equal to
slugs/sec

masgs-flow rate through engine, slugs/sec

normal force, 1b

total pressure, 1b/sq ft

static pressure, lb/sq ft

dynamic pressure, ypMZ/2, 1b/sq ft

center of pressure location (measured from bage), ft
angle of attack, deg

ratio of specific heats for air

kinetic energy efficiency defined as ratio of kinetic energy
avallable after diffusion to kinetic energy in free stream,

Y=l

ypiesest o (-119)7 205
(y - 1)M% | \P3

Ay,

cowl-position parameter, angle between axis and line from

spike tip to cowl lip, deg
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Subscripts:

a additive

c cowl pressure
e external

aL; friction

0 free stream

5 diffuser exit
4 model exit

APPARATUS AND PROCEDURE

The experimental investigation was conducted in the NACA Lewis
2- by 2-foot supersonic wind tunnel, which was operated at a Mach number
of 3.85 and at a simulated pressure altitude.of approximately 108,000
foet. The tunnel air was maintained at a stagnation temperature of
200°45° F and at a dew-point temperature of -10°410° F. Based on the
maximum diameter of the cowl (5 in.), the Reynolds number was approx-
imately 429,000.

As illustrated in figure 1, the experimental model, which utilized
an adjustable exit plug to vary the inlet back pressure, was basgically
the same as the model of reference 1, with the exception of the three-
component force-measuring system. Details of the balance link are
revealed in the insert drawing on figure 1(a). Mounted on the flexural
members of the link are electric resistance-wire strain gages, which,
connected in bridge circuits, provide the indications of axial and
normal forces and pitching moment. Some interaction of the force
components was encountered with this balance gsystem, but the effects
were accounted for in the calibration and eliminated from the data.
Tare forces acting on the base of the model and within the sting
balance chamber were determined and subtracted out of the axial-force
data.

Specifications of the various inlet configurations are presented
in coordinate form in table I and in the sketches of figure 1(b).
The one-cone inlet consisted of a 60°-included-angle cone positioned
so that, theoretically, the cowl 1lip would just intercept the tip ghock
emanating from the centerbody (design 67 = 44.9°). A gradual rate of
turning of the flow back toward the axial direction with no internal
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contraction was effected by the cowl, which was initially alined in the
local stream direction. In an attempt to achieve a near-minimum cowl-
pressure drag, a second single-oblique-shock configuration, designated
the one-cone (low-angle cowl) inlet, was made with a sharp turn at the
cone shoulder and a cylindrical intermal contour on the cowl. As
described in reference 1, the application of local suction immediately
downstream of the sharp turn was required for attached shocks to exist
at the cowl 1lip. This suction was accomplished by means of a double row
of 1/8-inch-diameter bleed holes on the centerbody, the inside of which
was vented to ambient tumnel pressure by means of hollow centerbody
support struts.

The two-cone inlet was designed with two conical surfaces (400
and 70° included angles) that would, theoretically, locate the resulting
shocks at the cowl lip. Additional flow compression was attempted by
applying the maximum permissible internal contraction (ref. 2) based on
an egtimated average entrance.Mach number.

Of the four inlet configurations being considered, theoretically
the greatest amount of supersonic compression would be obtained with
the isentropic inlet, which utilizes a continuously curved centerbody
to produce the desired turning of the flow. In the theoretical charac-
teristics solution, the Mach waves were designed to focus at the cowl
lip, the internal contour of which was initially arranged in the local
flow direction. The compression was to be carried down to a final Mach
number of approximately 1.5 with no internal contraction.

In order to circumvent the difficulty of laminar-boundary-layer
geparation encountered oun both the two-cone and the isentropic inlets,
an attempt was made to promote an artificially induced transition
from a laminar to a turbulent boundary layer. This transition was to be
accomplished by the application of tip roughness in the form of a
1/2-inch band of (number 60) carborundum grit.

Pressure instrumentation consisted of eight wall and rake static
orifices plus a 24-tube pitot rake at the end of the subsonic diffuser
(see fig. 1(f) of ref. 1). Static taps were located on the top, side,
and bottom of the base annulus. A static tap was also used to msasure
the pressure inside the sting balance chamber, and three rows of
external wall static taps were installed along the cowl on the top,
gide, and bottom of each inlet configuration. In order to determine
the boundary-layer profiles along the extermal shell in the vicinity
of the base, a traversing total-pressure probe mounted to the tunnel
wall was used to survey the flow field. A sgtatic orifice wasg also
located on the external sghell in the survey plane.

The total pressure at the diffuser exit was determined through
an area-welghting of the pitot-rake measurements, while the mass flow



6 NACA RM ES53J09

passing through the model was calculated with the assumption of one-
dimensional flow from the average static pressure at the rake and the
gonic discharge area. An integration of*the cowl static-pressure dis-
tributions yilelded values of cowl-pressure drag; friction drag was
obtained from the integrations of boundary-layer-profile data, with a
constant static pressure and total temperature assumed throughout the
boundary layer. In the calculations of internal thrust, the evaluation
of the exit momentum term was based on the pressure measurements at the
exlt rake.

Cowl-pressure drags were determined only at zero angle of attack.
Otherwise, complete force and pressure data were recorded at angles
of attack of 0°, 3°, 6°, and 9° over a wide range of exit plug posi-
tions. A twin-mirror schlieren system provided a means of visual
observation of the inlet flow patterns under all test conditions.

RESULTS AND DISCUSSION

Before presenting the results of this investigation it should
be emphasized that these experiments dealt with the evaluation of
gpecific inlet geometries that were believed to be representative of
the better designs within each category - that is, one-cone, two-cone,
and isentropic inlets. However, a certain amount of arbitrariness was
involved in the designs, for example, in the rate of turning the flow
back toward the axial direction, in the rate of subsonic diffusion, or
in the manner of coping with shock - boundary-layer interactions.
Optimization of the respective designs, therefore, may influence the
relative over-all performances of these inlets. Further research in
this direction will be necessary for final evaluation.

Internal-Flow Performance

Although the diffuser performance (internal-flow) characteristics
of the several inlet configurations were extensively detailed in ref-
erence 1, they are again included herein (fig. 2) for completeness and
because there were minor differences between the values obtained during
the force tests and those previously presented. Schlieren photographs
of the inlet shock structure during supercritical operation are also
included in the Figures for angles of attack of 0°, 3°, 6°, and 9°.

In figure 2(g), the data are summarized by cross-plotting the optimum
points of each configuration in order to provide a relative comparison
of the various inlets. At zero angle of attack the isentropic inlet
had the highest total-pressure recovery (0.57), corresponding to a
kinetic-energy efficiency 7y, Of 0.94, but fell off quite sharply with

increasing angle of attack until at 7.5° the flow separated completely
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off the lee side of the spike. This separation occurred with an attend-
ant hysteresis wherein the angle of attack had to be reduced to approx-
imately 6.3° before an attached flow was reestablished. For angles of
attack greater than approximately 70, the total-pressure recovery of the
two-cone inlet exceeded that of the isentropic. On both the two-cone
and the isentropic spikes the application of tip roughness appeared to
eliminate the "bridging" (or separation) of the laminar boundary layer
due to the adverse pressure gradient and resulted in improved inlet
pressure recovery and mass-flow ratio.

At zero angle of attack the supercritical mass-flow ratio for the
one-cone inlet was varied from 1.00 to 0.73 by controlling the amount
of flow spillage behind the conical shock through changes in the value
of the cowl-position parameter 6; from 45.5° to 42.5°. These changes

were accomplished by inserting spacer rings behind the cowl in order

to vary the spike-tip projection. The resulting diffuser performance
characteristics are presented in figure 3. With decreasing supercritical
mags-flow ratio, or equivalently increasing spillage, the maximum total-
pressure recovery decreased nearly linearly. Even with the conical shock
passing well ahead of the cowl lip (91 = 42.59), there was no indication
of any degree of subcritical flow stabllity as might have been expected
on the basis of the slipline criterion of reference 3. The aerodynamic
instability or buzz could quite feasibly have been triggered by a

local flow separation occurring internally on the centerbody (as illus-
trated in ref. 4), or in the vicinity of the terminal shock (as predicted
by the criterion of ref. 5), or both.

Force Measurements at Zero Angle of Attack

The force data for the one-cone inlet at zero angle of attack with
several values of the cowl-position parameter 6; are presented in

figure 4, where the variations of internal thrust, propulsive thrust,
and external drag coefficients with outlet-inlet area ratio are plotted.
On each set of curves are included the experimentally determined values

of cowl-pressure drag coefficient CD,c: the friction drag coefficient
CD,f} and the theoretical additive drag coefficlent Cp 5, as given
J

in reference 6. Based on the experimental profiles, the boundary layer
along the external shell of the model was turbulent with a corresponding
skin-friction coefficient of approximately 0.002. The heavy line repre-
gsents a summation of the preceding components of the total external

drag. The data points for external drag are experimental values obtained
by subtracting the propulsive (or net) thrust coefficients, as deter-
mined by actual balance measurements, from the intermal thrust coeffi-
cients, as calculated from the change in total momentum across the engine.
Ag 1llustrated by figure 4, a very close agreement was obtained between
the two methods of arriving at values of the external drag, that
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is, by component summations and by actual force measurements used in con-
junction with Internal pressure measurements. The external drag coef-
ficient increased from 0.17 to 0.28 as 91 was changed from 45.5° to

42.5° or, correspondingly, as the capture mass flow decreased from 1.00
to 0.73 (fig. 3). This drag increase essentially represented the
additive drag contribution resulting from flow spillage behind the
conical shock. A comparison of the experimental and theoretical
additive drag coefflicients is presented in figure 5 as a function of
supercritical mass-flow ratio. These experimental values were deter-
mined by subtracting the measured cowl-pressure and friction drag com-
ponents from the internal thrust. As shown, the data agreed rather well
with the predictions of reference 6.

In figure 6 the force data are presented for the one-cone (low-angle
cowl), the two-cone, and the isentropic inlets at zero angle of attack.
Except for the two-cone with tip roughness and the one-cone (low-angle
cowl) inlets, there was no theory readily available for the estimation
of additive drags; and, therefore, the horizontal lines of CD,e repre-

gent more or less mean values drawn through the balance data. The
theoretical value of CD,a listed for the one-cone (low-angle cowl)

inlet 1s somewhat approximate, in that the 1 percent of the maximum
capture mags flow my Involved In the suctlon process (ref. 1) was con-

sidered to have undergone a complete loss of momentum. The greatest
gcatter in the data occurred with the isentropic inlets near the critical
condition; and, in these cases, the higher, more supercritical values
were favored, because it was felt that the calculation of internal thrust
might have been least accurate when the pressure measurements (which
establish M3) were made with an extremely low dynamic pressure qsz.

A tabulation of the foregoing data (table II) provides a direct
comparison of the performance of the various inlets at zero angle of
attack. The most significant result was the moderately low value of
external drag (CD,e = 0.16) achieved with the isentropic inlet with tip

roughness. An examination of the components of this drag showed a
relatively low cowl-pressure drag (associated with the fact that the design
allowed for a small projected area on the cowl) and only a slightly greater
amount of additive drag than that for the one-cone inlet at a comparable
mass-flow ratio. This additive drag coefficient for the lsentropic inlet
with tip roughness amounted to much less than the value for complete
momentum loss, assumed as a maximum in reference 1, and was also somewhat
less than the minimum calculated from the theoretical characteristics
gsolution that had the Mach waves coalescing at the cowl lip. The total
external drag coefficients for the isentropic with tip roughness, the
two-cone with tip roughness, and the one-cone inlets were approximately

the same. As a consequence of a negligibly small cowl-pressure drag

3028
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(QD,C = 0.009), the one-cone (low-angle cowl) inlet exhibited the lowest
external drag (CD,e = 0.09). Again, it is quite evident that for the

one-cone inlet the increase in external drag coefficient with decreasing
values of ©6; was due almost entirely to the increase in additive drag.

Over-All Performance Comparison at Zero Angle of Attack

In order to evaluate the over-all performance of the various inlet
configurations and to establish a basgis of relative merit in which the
combined factors of total-pressure recovery, mass-flow ratio, and
external drag would be taken into account, the experimental values for
each inlet (table II) were incorporated into the calculations for
application to a hypothetical ram-jet engine. The assumed operating
conditions for this engine were as follows: flight Mach number of 3.85
at 80,000 feet altitude, critical inlet performance at zero angle of
attack, 90-percent combustion efficiency, and complete exit-nozzle
expangion. The 80,000-foot altitude used in this comparison differs
from the actual simulated pressure altitude of the present experiments;
however, it was selected because it conforms to a more practical flight
condition, as indicated in recent ram-jet analyses. As a result, then,
the assumption is made that the Reynolds number effect would be negligibly
small, at least with respect to the relative performances of the various
inlets. The results of these calculations are presented in figure 7 for
a range of fuel-air ratio f/a. On the basis of specific fuel consumption,
the one-cone (low-angle cowl) inlet was comparable with the two-cone inlet
with tip roughness, and the specific fuel consumption of the isentropic
inlet with tip roughness was 8 percent lower than that obtained with either
of the preceding inlets over the entire fuel-air-ratio range. At a fuel-
alr ratio of 0.03, the isentropic inlet with tip roughness exhibited a
specific fuel consumption approximately 20 percent lower than that of the
one-cone inlet. At f/a = 0.03, the propulsive thrust of the one-cone
(low-angle cowl) inlet was 15 percent, of the two-cone inlet with tip
roughness 28 percent, and of the isentropic inlet with tip roughness
55 percent greater than that of the one-cone inlet. The values of pro-
pulsive thrust coefficient CF,p on this figure were based on A,

for the engine, which was at the exit. To permit conversion to any
other reference area, the ratio of Amax/AO was also included.

Of the configurations studied, then, the isentropic inlet with tip
roughness has the best performance at zero angle of attack in terms of
gpecific fuel consumption and propulsive thrust. These results are due
to the attainment of a high total-pressure recovery without prohibitive
external drag.
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Angle-of-Attack Force Measurements

Force data obtained for each of the respective inlet configurations
at angle of attack are given in figure 8, where the variatione of axial-
force, normal force, and pitching-moment coefficients are presented as a
function of outlet-inlet area ratio for angles of attack of 3°, 6°, and
90, 1In general, the pitching-moment coefficient Cy was independent of

diffuser back pressure during supercritical operation and increased with
increasing angle of attack. There was considerable variation of the
normal force coefficient Cy wilth supercritical values of A4/Al. This

may be attributed in part to some distortion of the exit flow conditions
due to local separation of the internal flow, which was illustrated by
the velocity profiles presented in reference 1 for angles of attack of
30 and above and which might have caused the mean exit flow direction to
be other than axial. Generally, however, the absolute level of Cy

increased with increasing angle of attack. Also included in the figures
are the values of axial-force (or thrust-minus-drag) coefficients. The
magnitude of axial-force coefficient Cp is not overly significant in
itself, since it simulates the force corresponding to burning and choking
in a constant-area duct with a required heat release beyond the range of
present-day hydrocarbon fuels. For critical inlet operation, the axial
force decreased with increased angle of attack, as would be expected.

A comparison was made between the angle-of-attack force data and
the theory of reference 7, modified for an open-nose body, by taking
into account the internal-flow contributione. Pitching-moment coefficients
(fig. 9) and normal force coefficients during critical inlet operation
(fig. 10) tended to fall above the theoretical values, particularly at the
higher angles of attack.

Attempts to extract the external drag coefficilents at angle of attack
from the data were not very successful. The previously mentioned internal-
flow separation at angle of attack prevented a consistent calculation of
internal thrust based on the pressure data. Since the method of data
reduction involved a subtraction of the propulsive thrust (or thrust-
minus-drag) term from the intermal thrust, a large amount of scatter was
incurred. The resulting data points, along with corresponding bands of
experimental scatter, are presented in figure 11. Also included is the
theoretical drag rise due to angle of attack (CD & =k a:OO)' By way

2 b g ;

of comparison, a composite curve drawn through the experimental data
indicated the drag rise due to angle of attack to be much more rapid
than that predicted by theory. Based on these crude data, a specific-
fuel-consumption comparison of the various inlets appeared to indicate
that the isentropic inlet would be superior up to approximately 6° angle
of attack.

3028
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The experimental data, locating the center of pressure at angle of
attack, also exhibited considerable scatter but appeared to fall fairly
well in the followling bracket for all inlet configurations:

0A5>%>O£0

where X 1is the distance of the center of pressure measured fraom the
base and I 1s the over-all length of the model (from spike tip to
base).

SUMMARY OF RESULTS

An experimental investigation to evaluate the over-all force and
pressure characteristics of four annular nose inlets, designated the
one-cone, the one-cone (low-angle cowl), the two-cone, and the isen-
tropic inlets, yielded the following results at a Mach number of 3.85:

1. At zero angle of attack, the isentropic inlet with tip roughness
showed the most promise of the inlet configurations studled, as a result
of its ability to attain a high total-pressure recovery (0.57) without a
prohibitive external drag (CD = 0.16 baged on the maximum cowl area).
The performance of a hypothetical ram-jet engine utilizing this inlet,
based on specific fuel consumption and propulsive thrust, exceeded that
obtained with any of the other configurations up to an angle of attack
of approximately 6°.

2. At zero angle of attack, the low external drag obtained with the
one-cone (low-angle cowl) inlet (CD,e = 0.09) made it comparable with

the two-cone inlet with tip roughness on the basis of specific fuel
consumption and propulsive thrust.

- 3. At the low Reynolds number of these experiments, the applica-
tion of tip roughness on both the two-cone and the lsentropic inlets
resulted in slightly higher total-pressure recoveries and lower
external drags through reduced mass-flow spillage.

4., For the one-cone inlet with various degrees of supersonic mass-
flow spillage, the experimental values of additive drag were in good
agreement with theoretical predictions. In additlon, the external drag
coefficients obtained by a summation of components agreed quite well
with those derived from the balance measurements.

5. At angle of attack, theory tended to underestimate the pitching-
moment coefficient, the normal force coefficient, and the angle-of-attack
drag rise, particularly at the higher angles.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, October 7, 1953
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TABLE I - INLET DIMENSIONS

/—Outer shell

AR

V\Ert body 3

Q'_
Aft body Outer shell
X ¥ Z U v
A 1.82 B 2.30 2.50
= A length of spike from tip
Straight l Straight|Cylin- to point of attachment
taper taper |drical to aft body, in.
A+ 4.50| 1.22 | B+ 7.186| 2.06 8
l Stz:;gxt l mll-ii;'c B length of cowl from lip
. to poi chme:
A +9.13| 2.00 |B+ 7.625| 2.085 tg {;ut‘;ﬁ zieﬁmm o i
Straight Straight ?
l cylinder l taper
A+ 14.25 2.00 |[B+ 12.75 2:375 | 2.50

One cone One cone (low-angle cowl)
Spike Cowl Spike Cowl
(A, 6.370) (B, 3.750) (A, 7.10) (B, 4.287)
X Y Z U v X Y Z U v
o 0 0 2.132 | 2.132 0 0 0 2.300| 2.300
l Straight| .100| 2.188 | 2.211 l Straight] l' Cylin- [Straight
taper .200| 2.223 2.262 taper drical | taper
3.000| 1.731°| .400| 2.278 | 2.347 3.292| 1.902 |2.860 2.500
3.100| 1.782 | .600| 2.318 | 2.411 4.062| 1.902 l Cylin-
3.200| 1.824 | .800| 2.345 | 2.454 4.500| 1.898 drical
3.400( 1.887 [1.000( 2.363 [ 2.483 5.000( 1.890 |4.288| 2.300( 2.500
3.600( 1.926 [1.330| 2.375 | 2.500 5.500| 1.880
3.800| 1.948 [1.500| 2.373 |Cylin- 6.000| 1.870
4.000| 1.958 [1.750| 2.368 [drical 6.300| 1.862
4.200( 1.960 | 2.000| =2.360 6.800| 1.842
4.500( 1.955 l Straight 7.100( 1.820
4.690( 1.947 taper
5.000| 1.930 |3.750| 2.300 | 2.500
5.500| 1.898
6.000 1.860 Isentropic
6.370( 1.820 Spike =
(a, 14.741) (B, 7.750)
Two cone i i 4 g i
0 0 0 2.240 | 2.240
Spike Cowl .500( .075( .025( =2.262 ( 2.272
(A, 9.852) (B, 5.750) 1.000| .145| .050| 2.277 | 2.291
7 Y Z U v 1.500| .216| .100| 2.299 | 2.323
5 5 5 T 2.000| .284| .200| 2.328 | 2.370
Straight| .100| 2.203| 2.219 5200 8- ST s 200 | 2085 2 et
l aper | .200| 2.239| 2.266 3.000( .436( .400( 2.358 | 2.432
3.802| 1.384 | .300| 2.269| 2.316 3.500| .528| .600| 2.370 | 2.469
Straight| .400| 2.295| 2.358 4.000| .624| .800| 2.376 | 2.492
l aper | .600| 2.330| 2.219 4.500| .742[1.000| 2.378 | 2.500
4.452| 1.834 | .800| 2.352| 2.459 5.000| .876 l Cylin- | Cylin-
4.552| 1.902 |1.000| 2.364 | 2.483 5.500(1.051 drical | drical
4.652| 1.953 |1.250( 2.372| 2.497 6.00011.21015.500| 2.378
4.752| 1.993 |1.500| 2.375( 2.500 6.500|1.433|5.500)| 2.376
4.952| 2.054 Cylin- |Cylin- 7.000(1.746|5.750| 2.370
5.152| 2.095 l arical [drical 7.100]1.83016.000( 2.360
5.352| 2.119 [3.000 | 2.375 7.2001.922 Straight
5.602| 2.133 |3.250 | 2.372 7.300(2.025 taper
P a5 Es 7.400(2.100{7.750| 2.300 | 2.500
6.102| 2.136 |3.750 | 2.365 7.5002.157
6.352| 2.133 [4.000 | 2.359 7.600(2.159
6.852| 2.116 |5.750 | 2.300| 2.500 7-7902s 110
7.352| 2.085 8.000)2.178
7.852| 2.046 8.2302.180
L8.352| 1.997 9.000]2.174
8.852| 1.943 9.188|2.170
el A 20.000(2.153
9.852| 1.820 11.00012.113
12.000|2.060
13.000(1.994
14.000/1.906
14.741(1.820




TABLE II. - SUMMARY OF PERFORMANCE PARAMETERS FOR VARIOUS INLET CONFIGURATIONS

AT MACH NUMBER 3.85 AND ZERO ANGLE OF ATTACK

Annular nose- Maximum Supercritical | Cowl-pressure Friction Additive Total
inlet configuration | total-pressure mass-flow drag drag drag external drag
recovery, ratio, coefficient, | coefficient, | coefficient, coefficient,
PS/PO m5/m0 CDyc CD)f CD,B. CD,e
One-cone:

6, = 45.5° 0,317 1.00 0.129 0.043 0 opal
44.9°(design) 1 .99 127 .043 .003 AT,
44.3° .298 .934 .136 .043 .025 .20
43.7 v 281 .865 152 .043 .052 .25
43.1 <291 .800 <129 .043 .08 57
42.5 22D .728 128 .043 Aol S8

One-cone

(low-angle cowl) 0.30 0.925 0.009 0.044 04057 0.09
Two-cone 0.40 0.875 0.114 0.047 80.070 0.23
Two-cone with

tip roughness .44 .963 .114 .047 .008 il
Isentropic 0565 0.91 0.065 0.050 40,05 0.19
Isentropic with

tip roughness .57 .93 .074 .050 & 036 .16

8pesignates experimental values for which there was

no available theory to check against.

FL

60LESH W VOVN



NACA RM E53J09 15 ‘

(a) Schematic drawing of 5-inch-dlameter model installed in 2- by 2-foot
gupersonic tunnel.

Figure 1. - Experimental model.
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NACA RM ES53J09

One-cone inlet

Double row of 1/8" holes
located immediately
behind break

Isentropic inlet

Figure 1.

(b) Inlet details.

- Concluded. Experimental model.




NACA RM ES53J09

Supercritical flow patterns at various angles of attack

\
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o, deg
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‘ e 5 g 7 .8 .9 1.0

Mass-flow ratio, m%/mo

(a) One-cone inlet.

‘ Figure 2. - Effect of angle of attack on inlet performance.
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Total-pressure recovery, P3/PO

NACA RM E53d09

Supercritical flow patterns at various angles of attack

>

o]

(3]

Angle of attack,

o, deg

=«Pulsing-flow

1400
O o WO

e
’/’< OD
=\A T2

S5 .6 Sl .8 o3 1.0
Mass-flow ratio, m3/m0

(b) One-cone (low-angle cowl) inlet.

Figure 2. Continued. Effect of angle of attack on inlet performance.
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Total-pressure recovery, PS/PO

Supercritical flow patterns at various angles of attack

o = 60 a = 90
Angle of attack,
a, deg
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Mass-flow ratio, mg/mo

(c) Two-cone inlet.

Figure 2. - Continued.

Effect of angle of attack on inlet performance.|

19




20

overy, P3/PO

o
C

Total-pressure re

NACA RM E53J09

Supercritical flow patterns at various angles of attack

Angle of attack, 5
a, deg
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Mass-flow ratio, m3/mo
(d) Two-cone inlet with tip roughness.

Figure 2. - Continued. Effect of angle of attack on inlet performance.
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Total-pressure recovery, Pz/Pg

2l

Supercritical flow patterns at various angles of attack
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o F } b
W a2 ) o 0
4 i -] /, D 3
e et O 6
o v 9
A - — — Pulsing flow
e
= /,‘5
L= X
A K>
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Mass-flow ratio, mg)/mo

(e) Isentropic inlet

Figure 2. - Continued. Effect of angle of attack on inlet performance.
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Total-pressure recovery, PZ‘)/PO

NACA RM E53J09

Supercritical flow patterns at various angles of attack

[c-33941]

a = 6° a = 9°
Angle of attack,
.6 a, deg
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Lt /—Flow separation
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.4 25 .6 il 8 9 1.0

Figure 2.

Mass-flow ratio, m3/mo
(f) Isentropic inlet with tip roughness.

Continued. Effect of angle of attack on inlet performance.
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inlet configurations.

Figure 2. - Concluded. Effect of angle of attack on inlet performance.
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Total-pressure recovery, PB/PO

NACA RM E53J09

Supercritical flow patterns for several values of position parameter

8; = 45,50 8y = 43.7°

67 = 42.5°
Position parameter,
81, deg
(0] 45.5
O 44.9 (design)
<o 44.3
v 43.7
A 43.1
4 42.5
4 e Pulsing flow
3 P
AR
- it 4
J&r’Qq’ = <# ﬁ’ o
.2 A7 = O
£ A v
4
Ik
.4 <5 (& ot -8 <9 SO SRk
Mass—flow ratic, mz/mo
Figure 3. - Effect of position parameter on performance of one-cone inlet

at zero angle of attack.




Internal thrust, propulsive thrust, and external drag coefficients, Crs» Cp,p» and Cp o

. 3028

Coefficient
(o] Internal thrust, Cp
8 a Propulsive thrust, CF,p
z$ k V  External drag,
e\, 7 A °p,e” O - Cp,p
SK\Q\ o ; \0\ ! ——— External drag,
i L Q CD,e = CD,c + CD,r + CD,él
2 4 7 7 ————
T2 / \q \ <5 / h\ ol, \ Pulsing flow
i N i AL \\\fL
i Y g ) o
! / \\\\
. \\\\\D\\\ \\CL\X o J B,
- D\ \’v\\ o \\ "é‘ \ \ o~
™) : e
< et o \ps "E
.4 $o 13 o
Y e o
\‘ 1] VV
\. 2. — AL
v Z — g awa . 4
(0]

(a) Cowl-position parameter, 45.5°; cowl-
pressure drag coefficient, 0.129; friction
drag coefficient, 0.043; theoretical
additive drag coefficient, O,

(b) Cowl-position parameter, 44.9%; cowl-
pressure drag coefficient, 0.127; friction
drag coefficient, 0.043; theoretical
additive drag coefficient, 0.003.

(c) Cowl-position parameter, 44.3°; cowl-
pressure drag coefficient, 0.136; friction
drag coefficient, 0.043; theoretical
additive drag coefficient, 0.025.

146
(]
o |
I, 2 ™ i 1
N L
! S e o
1 1
e L S o
: o B i h \ T\ gt
/
oy S SN £ B
3 s 3
mia S : I SR B
. (W [ 5] ($) U
A \ 7 — :7 Tz
= 2 Y ]
l e
0.30 35 .40 .45 W 30 «35 .40 .45 220" 350 P 1 .40 .45 <50

(d) cowl-position parameter, 43.7°%; cowl-
pressure drag coefficient, 0.132; friction
drag coefficient, 0.043; theoretical
additive drag coefficient, 0.052.

Outlet-inlet area ratio, A4/Al

(e) Cowl-position parameter, 43.1°; cowl-

pressure drag coefficient, 0.129; friction

drag coefficient, 0.043; theoretical
additive drag coefficient, 0.08.

(f) Cowl-position parameter, 42.5% cowl-

pressure drag coefficient, 0.128; friction
drag coefficlent, 0.043; theoretical
additive drag coefficient, 0.11.

Flgure 4. - Effect of position parameter on force data for one-cone inlet at zero angle of attack.
.
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Additive drag coefficient, CD,a.

.16

12

.08

.04

NACA RM E53J09

o Experimental
—=—— Theoretical

DN

o

S

o7 28 A2 1.0
Supercritical mass-flow ratio, mz/mg

Figure 5. - Comparison of experimental and theoretical
supersonic additive drags for one-cone inlet.
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Internal thrust, propulsive thrust, and external drag coefficients,

€

CF’ CF,p, and CD
>

302§

o 6!1 %
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i - v s - 1R
V‘% e B e i e 51 e d r—tv— ES

(a) One-cone (low-angle cowl)
inlet. Cowl-pressure drag coef-
ficient, 0.009; friction drag

Outlet-inlet area ré

coefficient, 0.044; theoretical
additive drag coefficient, 0.040,

4 -5
tio, Ay/Ay

(b) Two-cone inlet. Cowl-pressure
drag coefficient, 0.114; friction
drag coefficient, 0.047.

(c) Two-cone inlet with tip rough-
Cowl-pressure drag coef-
ficient, 0.114; friction drag
coefficient, 0.047; theoretizal
additive drag coefficient, 0.008.

ness.

|
- \ Coefficient
3 O  Internal thrust, Cp
\ O Propulsive thrust, Cr,p
\ V  External drag,
‘-% H ‘\ Cp,e = Cr - Cp,p
\ —— External drag,
2 Cp,e = Cp,c + Cp,r + Cp,a
==+—_Phlging £low
N, N
. S % i
o B
x -
o \ - \
E o
19
r’ N = iR
0 2 = i =
il A e W4 5 il 5e B! .4 o5
Outlet-inlet area ratio, Ay/A
(d) Isentropic inlet. Cowl-pressure drag (e) Isentropic inlet with tip roughness,
coefficient, 0.065; friction drag coef- Cowl-pressure drag coefficient, 0.074;
ficient, 0.050. friction drag coefficient, 0.050.
Figure 6. - Force data showing experimental external drag coefficients obtained for various inlet configurations

at zero angle of attack.
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Inlet configuration

O One-cone

O One-cone (low-angle cowl)

3:6 { Two-cone with tip roughness
V Isentropic with tip roughness
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Figure 7. - Comparison of performance parameters for engines using various

inlets and operating under following assumed conditions: free-stream Mach
number, 3.85; altitude, 80,000 feet; combustion efficiency, 0.90; critical
inlet operation; zero angle of attack; complete nozzle expansion.
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Aerodynamic force coefficients, CA’ CN’ and CM
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(a) One-cone inlet.

Figure 8. - Effect of angle of attack on aerodynamic force coefficients.
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Figure 8. - Continued.

Coefficient
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(b) One-cone (low-angle cowl) inlet.

Effect of angle of attack on aerodynamic force coefficients.
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Aerodynamic force coefficients, C,, Cy, and Cy
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Figure 8. - Continued. Effect of angle of attack on aerodynamic force coefficients. c'ﬂ



Aerodynamic force coefficients, C,, Cy» and Cy

142

Coefficient
o Axial force, Cp 4
\ aiﬁgii,oi, m} Normal force, Cy
1 deg O  Pitching moment, Cy .
3 —— — Pulsing flow

Angle of
attack, a,

Angle of
attack, a,
1 deg
9

; 1
! I
T deg
qd i
|
I |
| |
I
I
I
|

P

A

Critical

!

Critical

&-

Critical

K:’d'ﬂij
%

(;?-4' —j
%

3
1
FJ

o

é
:

Figure 8. - Continued.
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Aerodynamic force coefficients, CA’ CN’ and CM
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Figure 8. - Continued. Effect of angle of attack on aerodynamic force coefficients.
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Aerodynamic force coefficients, Cps Oy and CM
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Figure 8. - Concluded.
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(f) Isentropic inlet with tip roughness.

Effect of angle of attack on aerodynamic force coefficients.
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Figure 9. - Comparison of experimental and theoretical pitching-moment
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- Normal force coefficient, Cy
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Inlet configuration
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Figure 10. - Comparison of theoretical and experimental normal force

coefficients during critical inlet operation.
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Figure 11. - Comparison of experimental and theoretical external drag
coefficients.
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