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PERFORMANCE OF A TRANSLATING-DOUBLE-CONE AXISYMMETRIC INLET
WITH COWL BYPASS AT MACH NUMBERS FROM 2.0 TO 3.5

By James F. Connors and George A. Wise

SUMMARY

An experimental investigation to determine the performance charac-
teristics of a translating-double-cone inlet (max. diam. = 16.62 in.)
with four varisble bypass doors mounted at a forwaerd station on the cowl
was conducted in the Lewis 10- by 1l0-foot unitary wind tunnel at Mach
numbers from 2.0 to 3.5. The tegt Reynolds number based on inlet capture
dismeter was constant at 3.07x106.

At Mach 3.48, a critical pressure recovery of 0.45 was obtained with
g mags~-flow ratio of unity and an external drag coeffiecient of 0.10
based on the maximum frontel area. Over the entire Mach number range,
stable reduced-mass-flow operation was achieved by varying the bypass
discharge area. The attendant drag rise was far below that for compara-
ble bow-shock spillage and somewhat less than that calculated for spill-
age behind an oblique shock generated by a 30° half-angle cone. As the
bypass doors were opened, moderate decreases in recovery were observed
at the higher Mach numbers. Correspondingly, at Mach 2.54 there was no
effect, and with detached-shock operation at Mach 1.97 there was even an
increase in recovery with increased bypass flow. Effects of angle of
attack on internal performance (pressure recovery and exit flow distor-
tion) were typical of axisymmetric inlets.

INTRODUCTION

When a ramjet or turbojet engine is required to operate over a wide
Mach number range, matching requirements generally specify that, with
fixed-capture-area inlets, large amounts of excess alr must be diverted
from the engine at off-design Mach numbers. There aré three principal
methods of handling such excess air: (1) spilling behind a bow shock at
the cowl 1ip, (2) spilling behind an oblique shock, or (3) putting the
air through some type of bypass system. Investigation at speeds around
Mach 2.0 with a 25° half-angle cone (ref. 1) has shown that & low-angle-
discharge bypass has a distinct advantage, drag-wise, over the other two
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methods of spilling. This advantage probably persists at speeds above
& Mach number of 2.0; however, little experimental data exist on inlet-
bypass combinations at these higher speeds.

The present study evaluates a specific inlet-bypass configuration
designed to operate at Mach numbers up to 3.5. The Inlet was a 25 O_z50
double-cone translating-spike inlet, and the bypass consisted of four
variable doors, 90° apart, located at a forward station on the cowl. At
all Mach numbers, the second oblique shock was positioned at the cowl
lip. Internal and external performance was determined for various by-
pass door openings, and a comparison was made between the bypass drag
and the drag incurred by spilling behind either an oblique or a bow
shock.

The test was conducted in the 10- by 10-foot supersonic wind tunnel
at Mach numbers of 3.48, 3.01, 2.54, and 1.97, at angles of attack to
12¢ » and at a Reynolds number of 2. 5x106 per foot.

SYMBOLS
A ares,
Ag inlet capture area, 1.13 sq ft
Anax maximum projected frontal area of model, 1.507 sq f%
Ay areg normal to the flow direction in the duct
Az area at diffuser exit (sta. 66.0), 0.961 sq ft
Cp drag coefficient, 2
0Anax
1 max
CD,c cowl pressure drag coefficient, > Cp ar2
r
mex
lip
CD e external drag coefficient _
2
Cp static-pressure coefficient, E_:_Eg
D drag, 1b
M Mach number SR —
Pz VA
m3/m0 mass-flow ratio, 5 332

14 86S¥:,
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p

Subscripts:
max

min

0]

3

total pressure, 1b/sq £t

area-weighted average total pressure at station 3,

1b/sq ft

total-pressure recovery

distortion parameter

static pressure, lb/sq ft

dynemic pressure, lb/sq ft

radial distance from axis of symmetry, in.
velocity, ft/sec

axial distance, in.

ennular distance across duct, in.

radial distance out from centerbody, in.
angle of attack, deg

spike half-angle, deg

cowl-lip parameter; i.e., the angle between the axis
of symmetry and a line from the splke tip to the

cowl lip

density of air, Ib/cu ft

maximum
minimum

free-stream conditions

conditions at diffuser exit, model station 66 in.

from cowl lip
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APPARATUS AND PROCEDURE

A schematlc drawing of the model is presented in figure 1(a), and
photographs of the inlet and bypass-door arrangement are presented in
figure 1(b). The model was sting-mounted in the tunnel .through a three-
component strain-gage balance. In order to vary the inlet back pressure,
a8 moveble exit plug was mounted on the sting, independent of the model.
Besides the exit plug, the positions of the bypass doors and the spike
were varied by remote control.

The inlet was & translating-double-cone inlet designed so that the
oblique shocks coslesced at the cowl lip at a Mach number of 3.5. At
lower Mach numbers, the spike was translated to maintain the second ob-
lique shock on the 1lip. The cone half-angles were 25° and 350, and the
initial externsl cowl lip angle was 23°. Bypassing was accomplished by
means of four doors located at a forward station on the cowl (figs. 1(a)
and (b)). Each door subtended approximately 25° of the cowl arc and
could be rotated about & hinge 4.43 inches aft of the cowl lip. Coordi-
nates for the centerbody, cowl, and bypass doors are given in tables I,
II, and IIT, respectively.

Internal area distributions at the design cowl-lip parameter for
each Mach number are presented in figure 1(c). With the spike in the
Mach 3.01 position, the over-all diffusion rate was about that of an
equivalent 5° conical ares expansion. The maximum rate of area expan-
sion occurred between 19 and 22 inches from the cowl lip, where the ex-
pansion was equivalent to that of sbout a 300 cone. :

Ingtrumentation was included in the mcodel to determine pressure
recovery, mass-flow ratio, external drag, gnd cowl pressure drag. Com-
putation of these parameters was performed in the following manner:

(1) Total-pressure recovery at the diffuser exit (station 3) was
based on the area-weighted average of pressures measured by 48 tubes on
g8ix radial rakes. An additional tube was placed on each rake to define
the flow profile near the sting surface. - )

(2) Mass-flow ratio was determined from an average of eight statlc
pressures at station 66 and the assumption of isentropic flow from sta-
tion 66 to a measured sonic discharge area at station 100. A flow co-
efficlent was determined from a calibration inlet whieh captured a known
free-gtream tube of air. - ST

(3) Total external drag was obtained by subtracting the internal
thrust (total momentum change from free stream to exit) from the axial
force measured by the strain-gage balance. . The base forces were deter-
mined by means of static-pressure orifices on the bsse areas. These
forces were not included in the total external drag.
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(4) Cowl pressure drags were determined by an investigation of the
measured static-pressure distribution on the cowl.

An additional total-pressure rake was installed in the annulus at
the cowl 1lip. The entrance flow was surveyed glong & line from the cowl
lip perpendicular to the second cone surface.

The investigation was conducted in the 10- by 10-foot supersonic
wind tunnel gt Mach numbers of 3.48, 3.01, 2.54, and 1.97 andsat angles
of attack to 12°. The Reynolds number of the test was 2.5%X10° per foot.

RESULTS AND DISCUSSION

The internal and external performesnces of the inlet and bypass com-
bination are presented in figure 2 for the four Mach numbers lnvestiga-
ted. At Mach 3.48, the inlet total-pressure recovery at critical was
0.45 with the bypass full closed and the spike at a 91 of 32.82°. The
corresponding mass-flow ratio was unity with an external drag coefficlent
of 0.10 based on the maximum frontal area of the inlet. A mass-flow
ratio of 0.94 was obtained by extending the spike to a 65 of 32.42°,
The total-pressure recovery at this conditlion was essentlally the same
as at the design condition, but the drag coefficlent was markedly in-
creased from 0.10 to 0.145 because of the increased spillage. All data
presented in these figures represent stable operating conditions. For
each door setting, the last point on the left indicstes the minimum sta-
ble condition, Just prior to the onset of buzz.

With the bypass doors in an open position, the pressure-recovery
curves of figure 2 generally show a definite shift in engine mass-flow
ratio, while the inlet forward of the bypass station was still operating
in the supercritical region. These shifts or steps in the pressure re-
covery against mass-flow-ratio curves were caused by the terminal shock
passing over the bypass doors. As this shock passed across the doors,
the pressure ratio between the internal stream and the free stream in-
creased markedly, and the bypass mass flow increased correspondingly.

A cross plot (fig. 3) summarizes the critical inlet performance at
zero angle of attack for the range of bypass settings and Mach numbers
studled. At Mech 3.48 and 3.0l, moderate decreases occurred in total-
pressure recovery with increasing bypass mass flows. At MO = 2.54, the
pressure recovery was relatively insensitive to changes in bypass door
position. At the Mb = 1.97 condition where g bow shock stood shead of
the cowl lip, the pressure recovery increased with increasing bypass
mass flow. This increasing recovery at My = 1.97 was the result of the
bypass relieving the internal choking in the duct and thereby allowing
the terminal shock to be located nearer to the cowl lip.

CONP TGN i
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The upper portion of figure 3 shows the total externsl drag coeffi-
cient at approximately the criticel operating condition. Along with
these critical values are shown the drag rise due to bow-shock splllage
(as determined experimentally during subcritical operation of the inlet)
and also the calculsgted drag rise due to spillage behind an oblique
shock generated by a 30° half- -angle cone (ref. 2). At Mach 2.54 and
above, flow spillage through this bypass system resulted in less drag
rise than splllage behind the reference (6 = 30°) oblique shock and much
less than spillage behind a bow shock. On the other hand, translation
of the 25°-35° double-cone spike would result in a drag rise somewhat
intermediate between bow-shock and (9 = 30°) oblique-shock spillage.
This is indicated by the dotted line through the two points, correspond-
ing to Mach 3.48 and the full-closed door position. Typically, the ex-
perimental curves of external drag against mass-flow ratio show ilncreas-
ingly steeper slopes with incressed bypess mass flow or, correspondingly,
with increased door opening. This 1s, of course, the result of the in-
creased door drag, as 1t presents a progressively greater angle to the
free stream and also to the "cosine" effect on bypass-flow momentum as
it discharges at higher and higher angles. _For Mach numbers of 2.0 to_

3.5, a bypass technique has thus been demonstrated to provide stable in-_

let operation over g wide range of mass-flow ratios and Mach numbers
with no or moderate decrease in recovery and with small assoclated spill-
age drage. Such g technique appears quite feasible from an engine-inlet
matching viewpoint.

The static-pressure distribution along the external cowl surface at
a Mach number of 3.48 and a mass-flow ratio of unity is presented in fig-
ure 4. The distribution computed on the basis of two-dimensional shock-
expansion theory is also included. Agreement between the two distribu-
tions is reasonably good, and the integrated drag coefficients agree
within 2 percent. This cowl drag coefficient (CD e = 0.083) plus a fric-
tion drag coefficient (computed from the von Kérmén skin friction coef-
ficient for a turbulent boundary leyer) agreed well with the total ex-
ternal drag coefficient derived from the balance and internal pressure
megsurements.

Radial flow surveys taken at the inlet and exit stations at zero
angle of attack for near-critical operation are presented in figure 5.
The locsal total pressures measgured near the centerbody were considerably
higher than theoreticel, particularly at the higher Mach numbers. This
additional compression was probably obtained through an extra oblique
shock generated by a separstion of the spike boundary lasyer which, in
turn, was caused by pressure feedback from the terminal-shock system.

A similar flow was observed in the series of tests reported in reference
3. In that investigation, & higher diffuser-exit recovery was obtained
through removal of the -separated low-energy air with a throat boundary-
layer bleed. The similarity of inlet total-pressure profiles here would
indicate that the use of & throat bleed in the present case would like-
wise be promising. :

FRYEREnHL L
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Schlieren photographs that illustrate the supereritical inlet flow
patterns at zero angle of attack are presented in figure 6. The first
photograph indicates the unity mass-flow-ratio condition at Mach 3.48,
while the remeining photographs show the spike at design GZ for the
other Mach numbers. Patterns of the bypass discharge flow are also
shown for various door openings.

The angle-of-attack performance of the inlet at near-critical oper-
ation and design 62 is shown In Pigure 7. The usual decrease in pres-
sure recovery and mass-flow ratio occurred in addition to an increase in
external drag coefficient with increasing angle of attack. Opening the
bypass doors changed the absolute level of these parameters but had
little, if any, effect on their rate of change with angle of attack.

Variation of diffuser-exit flow distortion with angle of attack is
presented in figure 8 for near-critical inlet operation. For comparison,
the data for the 20°-35° double-cone inlet of reference 4 are also in-
cluded in the figure. Although the distortion value does increase with
angle of gttack, the level remains relatively low. Also, opening the
bypess doors apparently lmproves the distortion level over the angle of
attack range at My = 3.48. This improvement does not occur at
My = 3.01 except at zero angle of attack.

SUMMARY OF RESULTS

An axisymmetric translating-double-cone inlet (max. diam. = 16.62
in.) with four variable bypass doors mounted at a forward station on the
cowl was evaluated in the Lewis 10- by 10-foot unitary wind tumnel over
a Mach number range from 2.0 to 3.5. The following results were
obtained:

1. At a Mach number of 3.48, a critical pressure recovery of 0.45
was realized with a mass-flow ratio of unity and an external drag coef-
ficilent of 0.10 based on the maximum frontal area of the inlet.

2. At all Mech numbers, a wide range of stable reduced-mass-flow
operation was achieved by varying the exit area of the low-angle sonic-
discharge bypass. The attendant drag rise was far below that for com-
parable spillage behind a bow shock and somewhat less than that calcu-
lated for spillage behind an obligue shock genersted by a 30° half-angle
cone. As the bypass doors were opened, moderate decreases in recovery
were observed at the higher Mach numbers. Correspondingly, at the lower
Mach numbers, recovery was maintained and, in some cases, increased with
increased bypass mass flow. ’

]
]
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3. Effects of angle of attack on internal performance (pressure re-
covery and exit flow distortion) were generally typical of aexisymmetric
inlets.

Lewls Flight Propulsion Laboratory
National Advisory Committee for Aeronsutics
Cleveland, Ohio, August 12, 1957
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TABLE I. ~ CENTERBODY COCRDINATES

[A11 dimensions in inches .|

x—

0 0]

9.086 | 4.237

9.287 | £.376
11.189 | 5.696
11.743 | 5.978
12.297 | 6.172
12.851 | 6.334
13.406 | 6.456
13.959 | 6.522
14.514 | 6.538
15.067 | 6.538
15.622 | 6.525
16.176 | 6.483
20.054 | 6.095
24.188 | 6.095
24.989 | 6.015

Cone
Cylinder
Cone

“CONFIL
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TABLE IT. - COWL COCRDINATES

[All dimensions in inches.]

—

KACA RM ES5THOTH

I‘l I‘z
X I'l I‘z
0 7.197 7.242
.554 | 7.425 7.481
1.108 | 7.602 7.691
1.662 | 7.763 7.879
2.217 | 7.907 8.040
2.770 | 8.023 8.172
3.325 | 8.111 8.273
3.878 | 8.156 8.312 ~
4.433 | 8.156 8.312
4.987 | 8.134 8.312
5.540 | 8.062 8.312
6.095 | 7.979 8.312
6.649 | 7.896 8.312
7.203 | 7.802 8.312
7.757 | 7.729 8.312 } Cylinder
8.312 | 7.646 8.312
8.865 | 7.591 8.312
9.365 | 7.563 8.312
9.918 7.563}Cylinder 8.312
15.820 | 7.563 o 8.312
18.285 | 7.347f O 8.312
21.056 | 7.347 8.312
22.500 | 7.520f CONe BISlZ;Cone
24.000 | 7.840 8.230

<

865
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TABLE III. - BYPASS DOOR COORDINATES (CLOSED POSITION)

[All dimensions in inches.]

/-Cowl station 4.433

-

Ty Yo

b.4 I'l 1'2
0 - 8.156 . 8.312

.073 | 8.158 8.312

.627 | 8.134 8.294
1.180 | 8.0862 8.273
1.735 | 7.979 8.239\
2.289 | 7.896 8.239
2.843 | 7.802 8.239
3.397 | 7.729 8.239
3.952 | 7.646 8.239 }Cone
4.505 | 7.591 8.239
5.005 { 7.563 8.239
5.558 | 7.563 8.239
7.165 | 7.563 % Cone 7.868 ;Ra d1us
7.290 | 7.800 7.868

CONF L e

AA IR

11



Station O

66"

’//By'pass doors (4)

__....-.—1 — =

3
Diffuser exit —l
i
1

P (99° apart) [Balnnce l—Stluts (2) I ’ Main reke

3., e

[Translating
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(a) Schematic drawing of test model
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(b) Photographs of inlet configuration.

Figure 1. - Contlmed.

Experimental apparatus.
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6.14
18.41
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38.82

Cowl-position peramstaer,

'fect of Lypas

door pasitlon,

-~
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- Axial distance from cowl 1ip, x, in.
(¢) Internal area distributicn.
Figure 1. - Conecluded. Experimentsl apparatus.
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Mess-flow retlo, mz/mg
(a) Free-stream Mach muber, 3.48.
Figure 2. - Performence characteristics at zero angle of attack.
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External drag coefficient, CD,e

Total-pressure recovery, Pz/Pq
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SEESERiRtt o
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g .5 8 " .9

Mess-flow ratio, msz/m

(v) Frge—stream Mech number, 3.0l; cowl-position parameter,
33.1%.

Figure 2. - Continued. Performence characteristics at zero
angle of attack.
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Door position,
.4 percent of
full open
u] 15.8
v 47.4
<

79.0

H T TH

Al

HH HFH

HH HEH

Externsl drag coefficient, CD,e

Mk
o A 1
& 7 £
2 ¥
fal
-
E 1
3 i :
3} 15 e
2 .o 7
Q@
5
w
>3
&
N ¥
~ P :
g
E
.4f
.3 .4 5 6 .7

Mass-flow ratio, mz/mo

(c) Free-stream Mach number, 2.54; cowl-position parsmeter,
34.0°,

Figure 2. - Continued. Performance characteristics at zero
angle of sttack.
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External drag coefficlent, Cp.e

Total-pressure Iecovery, ?s /Po
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f Door position,
.7 percent of
full open
v 47.4
e ¢ 79.0
L\ 100.0
Fad
= H
R y
.5
-9 T TR

[4)]

RS .2 .3 .4 .5 .6
Mass~flow ratio, mgz/mg

() Free-stream Mach mumber, 1.97; cowl-position parameter,
35.4°. N

Figure 2. ~ Concluded. Performance cheracteristice at zero
angle of attack., . .

X

8657



]

4598

CM=-3 back

NACA RM ESTHOTD

External drag coefficient, cD,e

Total-pressure recovery, Fz/Pg

Doer position,
percent of
full open

0
15.8
47.4
79.0

100.0

FOA00

N

Bypass spillage
—— — Bow-shock spillage
——-— 8ingle-cone oblique-
shock spillage
(cone half-angle
€a, ©
——=-—"Double-cone-spike
translation
Telled symbols
denote My = 5.48

=

3.01H
i g
: 80, w 32.82°45
o naw r rm T
Free-stream HoHiH P
Mach number,gCowl-position
H My parameter,
1. 97HH by
s HH 1ra de‘; e
35,4
o 34.0
.54
T
3.01
30 4EEAGL = 32.82%%
4
. 3.48
i i B . 1.0

.3

.6 o7
Mass-flow ratio, mx/mg

Figure 3. - Criticgl performance at zero angle of attack for range of Mach numbers.
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.6 X
— — O — — Experiment
Two-dimensional
shock-expansion
theory
.5 -
Cowl drag HH
.coefficient, FH ]
i CD, e T FH
.4 L T O O R o i o o 3 Tt H
0.083 (experiment it
0.085 (theory Eafssagaces
.3 }
.2
%
! fEECLEEdd
0 1 2 z ]

Distance from cowl 1lp, x, in.

Figure 4. - Static-pressure distribution along cowl.
Free-gtream Mach number, 3.48; unity mass-flow ratio.
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Free-siream Mach mumber, 3.48; Free-ptrean Mach mmber, 3.01; ¥roe-siréan Mach mumiber, 3.01;
cowl~poslition parameter, covl-gosition parameter, cowl-s.gosition paremetsr,
32.82"; bypass full closed 33.15"; bypass full closed 33.15"; bypess T9 percent of
full open.
P
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Freo-stream Mach oumber, 2.54; Free-stream Mach mmber, 1.97;
cowl-position parameter, cowl-zgosi‘cion parameter,
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full open

Figure 6. - Typlcal inlet airflow patterns at zero angle of attack.
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Figure 7. - Effect of angle of attack on performance et approximetely critical
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FOIEd: (1) Reynolds mmber ia based on the diameter
of & circle with the sawms arss as that
of the captura arca of the inlet.

(2) e eyabol * denotas the occurrerce of

buzz.
Description Tast paramatars Test: data Parformmnca
Report - o Angle |Avgle R —
ardl nf“ bmma:ry ::-:;n Reyuolds of of Inlet- Discherge-! poy | total- Hass-T1ov Reperks
facility Configuraiion cblique| layer Hech mmhe_g attack, |yav, Drag :rlgtr:u.e low ploturs | preasure ratio
shocks | cantrol |nusber| X 10 dag deg o profile racovery
; Four verisbls | 2 Kooe 3.48 3.07 [Otol2 | O | ¥ 7 7 i 0.45 1.00 to 0.5% ]At Mach 3.48 the dreg coeffi-
RESTHOTH bypuas doors 3.01 3.07 / v ' ! .60 B8 to .41 |clent was 0.10 based on waxd-
wis 10~ = 2.54 3.07 4 ' 4 ’ .78 .TS to .59 |mm frontal area with bypass
10-Poot] 1.87 5.07 4 v v ' .G .50 to ,13 (closed. With bypass spillage,
juni-texy 5% e tha attendant drag riss vas
vind M‘ i { lews than bow~shock and
tumel Translating-Aouble-cone axisymactrio cbLigue-ghoak (300 balfangle
. inlat with eowl bypass ocone) spilloge. .-_\
CONFLD. Four variable 2 Foo= 5.48 5.07 [0 to 18 o7 7 7 v 0.45 1.00 to Q.55 |Ab Mach 3.48 the drag coeffi-
IS THO bypess doars 5.0L 5.07 v/ ! / ' .80 .88 to .41 |clent waa 0,10 baged cn mexd-
vis 10- = 2.54 5.07 v/ ! ! v .6 .73 to .59 |muu fronmtal ares’sith byress
10-Loot 1.97 5.07 ! ! ! ! .06 B0 o .15 | clossd. With byphss spillage
Elhry 50 the attendant drag ries vos
nd laps thsn bow-sghock and
funnal " obliqua-chook (30° balf-angle
~doubla-cone axirymmetrie cone) splllege.
inlst with ool bypass / )
CONFILD. Four variahla 2 Fooe 5.48 5.07 |0tel2 0 Y 4 7 ¥ 0.45 1.00 £0 0.55 |A%t Mash 5.48 the &vag coeffi.
FM IS7EQ bypass docrs 5.0L 3.07 / 7 ’ ! .80 .85 to .41 |cient was 0.10 based on mexi-
Lavwis 10- 2.54 5.07 / Y 7 v .76 .73 to .59 |mm fromtal aresa with bypass
by 10-foot| ] 1.97 5.07 ! / 4 ! .88 .50 to .15 |clossd. With typess spillage,
und tary 350 the attendant drag rise ws
Etﬂ. ~ lass than how~shook and
translsting-Aovhla-gons axisysmetrin : Ohuws??ok (500 half-angle
inlat with &ovl bypass oone ) splliage.

. Four variahle 2 Fone 5.48 3.07 [0 tol2 o | ¥ ! 7 / 0.45 1.00 to 0.55 |At Mach 3.48 the drag cosffi-
ot 70 \:m" 5.0 3.07 / v v ! .60 88 to .41 |clent was 0.10 besed on mex.
svis 10- TS g 2.54 3.01 ! ! ! v .8 .75 to .38 |mim frombal area with bypass

10-foot 1.97 5.07 / v i/ 4/ .86 50 to .15 {closad. With bypess spillage,
tery 350 the attendant drag riza wmas
- laes ‘than bow-shock and
mnnel dbliqua-sghock (30° half-sngle
[ inlat with oowl bypeam acne) spillege.
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