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RESEARCH MEMORANDUM

FORCE AND PRESSURE RECOVERY CHARACTERISTICS AT SUPERSONIC
SPEEDS OF A CONICAL SPIKE INLET WITH A BYPASS
DISCHARGING FROM THE TOP OR BOTTOM OF THE
DIFFUSER IN AN AXTAL DIRECTION

By J. L. Allen and Andrew Beke L

SUMMARY

An axially symmetric nacelle-type conical splke inlet with a fixed--.
area bypass located in the top or bottom of the diffuser was investigated
in the lLewis 8- by 6-foot supersonic tunnel. The bypess was sized to
discharge in a nearly axisl directlon about 10 percent of the maximum
mass flow captured by the inlet. Force and pressure recovery data were
obtained at flight Mach numbers of 1.6, 1.8, and 2.0 over a range of
angles of attack from 0° to 9°.

Top or bottom location of the bypass within the diffuser did not
have significant effects on diffuser pressure recovery, bypass mass-flow
ratio, or drag coefficient over the range of angles of attack, flight
Mach numbers, and stable engine mass-flow ratios investigated. At a
flight Mach number of 2.0 and angles of attack from 30 to 99, a larger
steble suberitical operating range wes obtained with the bypass on the
bottom. Higher 1ift coefficients and more positive pitching moments
were obtained with the bypass on the bottom over the range of angles of
attack and flight Mach numbers investigated.

At zero angle of attack and a flight Mach number of 2.0, sbout
14 percent of the maximum stream tube entering the inlet was bypassed
with e drag increase of only 20 percent of the additive drag that would
result for equivalent spillage behind an inlet normel shock. Diffuser
total-pressure recovery was not signlficantly reduced compared with
results obtained without bypasses. - : :

INTRODUCTION

Previous investigations (refs. 1 and 2) of an axially symmetric
spike-type nose inlet indicated that discharging mess flow in excess of
engine requirements by means of a bypass increased the drag by only a
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fraction of the additive drag that would result for equivelent normal-
shock splllage and did not significantly reduce diffuser total-pressure
recovery. The data of reference 2 were obtained with two fixed-area
bypasses on opposite sides of the model in a horizontal plane, and the
total mass flow bypassed was about 20 percent of the free-stream tube
entering the inlet. At angles of attack other than zero, various cir-
cumferential locations of the bypass may result in significant variations
in performance because of differences 1n the external flow field near the
bypass exit as well as internal flow differences near the bypass entrance.

In addition, bypass mass flows less than those of reference 2, which would

be necessary for a variable mass-flow bypass system, masy not result in
proportional galns in performsnce compared with normal-shock spillage.
Therefore, in order to extend the results of reference 2, the same inlet
model was investigated with one ldentical bypass installed in the top or
bottom of the diffuser. The investigation was conducted in the NACA
Lewls laboratory 8- by 6-foot supersonic tunnel and the results are pre-
sented herein.

SYMBOLS

The following symbols are used in this report:

A area

An maxlimum externsal cross-sectional area

Cp drag coefficlent, external drag plus internal and external drag
due to bypassing mass flow, D/qOAm

Cr 1ift coefficient,
measured 1lift minus internal 1ift due to engine mses flow

Gofm

Cy pitching-moment coefficient about base of model,

total minus internal pitching-moment due to engine mass flow
Whml

Cp.p  thrust-minus-drag coefficient, (T - D)/qphy

D drag force, external drag plus internal and external drag due
to bypassing

L length of subsonlc diffuser, 46.9 in.

1 over-all length of model, 58.7 1in.

Do) |
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M Msch number
m mass flow
my, /mg bypess mass-flow ratio, CYR2SS mass flow
PoVohy
my /mg engine mass-flow ratio, SR&lne mass flow
PoVohy
P total pressure
P static pressure
(Ps/Pj) bypass or nozzle pressure ratio, surface static pressure with-
out bypass (station 33.0) per total pressure of jet
a dynamic pressure, YpMZ/Z
thrust, net force in flight direction due to change of momentum
of engine mass flow between free stream (station O) and dif-
fuser discharge (station 4) including balance base force
v velocity
X longitudinal station, in.
a nominal angle of attack, deg
Y ratlio of specific heats for sair
[} mass density of air
Subscripts:
b bypass
x longitudinal station
0 free stream
1 leading edge of cowl
4 diffuser discherge at constant diameter section, station 46.9
4,1 diffuser discharge at constant diameter section (sting out),

station 46.9
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Pertinent areas:

Ay meximum external cross-sectlonal area, 0.360 sq ft

Ay inlet capture area defined by cowl 1lip (measured), 0.155 sq ft
Ay flow aree at dlffuser discherge, 0.289 sq £t

A flow area at diffuser discharge (sting out), 0.338 =sq ft

APPARATUS AND PROCEDURE

The model, which was identilical to inlet B of reference 1, con-
sisted of a slngle-conical-shock inlet without internel contraction, an
annular subsonic diffuser, and a fixed-areas bypass which was identical
to the bypass of reference 2 except for circumferential location (fig. 1).
Tip projection of the 25°-half-angle cone was selected so that the
conical shock would intercept the leading edge of the cowl lip at a
flight Mach number of 2.0 and provide a masss-flow ratlio of unity. At
this condition the streamline behind the obligque shock was nearly alined
with the slope of the external portion of the cowl 1ip. Coordinates of
the cowl and centerbody are presented in table I and the longitudinal
area variation of the subsonic diffuser 1s shown in figure 2. The aresa
ratio 18 expressed as the gquotient of the local flow area based on the
average normal to the annulus surfaces sand the meximum flow area at the
diffuser discharge (station 46.9). The leading edge of the bypass was
epproximately 6 inlet dlameters downstream of the inlet entrance and
corresponded to a position slightly forward of the compressor inlet of
a turbojet englne or the combustion chember of a ram-jet engine.

The bypass Insert and the outer body, or shell, formed a convergent-
divergent asymmetric nozzle, shown photographically in figure 3 and in
detall in figure 4, whlich was capsble of discharging in a nearly axisal
direction about 10 percent of the maximum mass flow captured by the
inlet. Theoexternal surface of the bypass was a channel set at an

angle of 3% relative to the model axis of symmetry and did not protude
beyond the external cylindrical contour of the model.

The model, which was sting-mounted from the tumnel strut, had an
internal three-component strain-gage balance. Balance normal and
moment readlings were used in conjunction with a static callbration of
model and sting to correct the angles of attack for deflections due to
aerodynemic loads. Actual angles of attack were as much as 0.4°
greater than the nominal angles; however, all data were reduced for the
nominal angles of attack. Differences in actual angles of attack
between the model with the bypass located on the top or bottom were

3 - .
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within 0.1°. Regions of inlet instability, or pulsing, were determined
from time-force histories of axial-force variation and by means of high-
speed schlieren motion plectures. :

The sum of the mass-flow ratios of the engine and the bypass, based
on the mass flow of & free-stream tube defined by the cowling capture
area, is the mass-flow ratio of the inlet. Methods of Instrumentation
and celculation are given in reference 2. The accuracy of the engine
mass-flow ratic 1s approxlmately 1 percent at zero angle of attack and
within 2 percent at an angle of attack of 9°.

In order to account for the thrust developed between the plane of
survey (station 36.7) and the diffuser discharge (station 46.9), the
diffusion between these stations was assumed to be lsentropic. The
measured thrust-minus-drag coefficients correspond to diffusion with
the support sting removed inssmuch as the force (determined by measur-
ing the static pressure) acting on the base of the strain-gage balance
is, within sbout 1 percent, equal to that obtained by diffusing isen-
tropically from area A4 to A4 1° Accordingly, the diffuser-discharge

Mach numbers are based on the area A, ,1° The Reynolds number, based
on inlet diameter, varied from 2.10 to 2.19x106.

RESULTS AND DISCUSSION
Presentation of Results

The variation of bypass mass-flow ratio, total-pressure recovery,
diffuser-discharge Mach number, and coefficlents of thrust-minus-drag,
drag, 1lift, and pitching-moment with engine mass-flow ratio are presented
in figures 5 to 8 for the bypass mounted in the top of the diffuser and
in figures 9 to 12 for the bottom bypass location. Data obtained at
flight Mach numbers of 1.6, 1.8, and 2.0 are presented in figures 5 and
g for a nominsl angle of attack of zero end in figures 6 and 10 for a
nominal angle of attack of 6° for the inlet with the bypass on the top
and bottom, respectively. Data for nomlnal angles of attack of 3° and
g° at a flight Mach number of 2.0 are presented in flgures 7 and 11,
and 1ift and pitching-moment coefficients for all £light Mach numbers
and angles of attack investigated are presented in figures 8 and 12.
Schlieren photographs showing the flow field in the region of the bypass
discharge are presented in figure 13 for the two bypass locations and
angles of attack of 0° and 9°

The thrust-minus-drasg coefficients were obtained from the strain-
gage balance readings and correspond to the net force on the model in
the flight direction with sting removed and can be used for general com-
perisons of the data. Since the over-all thrust of the propulsive unit

= Y oo 2 lg iy b
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is composed of the net forces of the inlet diffuser, engine, and exhaust
nozzle, the thrust-minus-drag coefficlent can be used directly in com-
puting propulsive unit performance. Drag force was obtained by subtract-
ing the measured thrust-minus-drag from the. thrust computed from the mass
flow consumed by the engine (see SYMBOLS). The drag coefficient thus
includes the external drag of the model plus the net internal and exter-
nal effect due to bypassing mass flow. Similarly, the 1lift and piltching-
moment coefficlente are the difference between the measured value and the
computed internal 1lift or pltching moment caused by the engine mass flow.
The additive components due to mass-flow spillaege behind the inlet shock
system are included in the drag, 1lift, and pitching-moment coefficients.
Pitching-moment coefficients were computed by assumling that the turning
of the engine mass flow occurred at the cowl 1lip.

Effect of Top or Bottom Location of Bypass

For -symmetrical bodles at positive angles of attack, 1t has been
observed that the high-energy portion of the internal flow tends to con-
gregste in the upper portion of the diffuser (ref. 3) and that the
external flow field near the afterbody 1ls characterized by vortex cores
or lobes near the upper surface and by a thinner boundary lasyer on the
underside due to the effects of viscous crossflow (ref. 4). Differences
in bypass and inlet performance might be anticipated for a bypass located
in these various flow flelds. In general, however, top or bottom loca-
tion of the bypass had little effect on diffuser total-pressure recovery,
bypass mass-flow ratio, and drag coefficient over the range of angles
of attack and £light Mach numbers investigated in the region of stable
inlet flow. At angles of attack from 3° to. 99, slightly lower drag
coefficients were obtained for the top location of the bypass. This
lower drag mey be assoclated with the flow of the Jet over the inclined
upper surface.

Of particuler interest is the larger stable subcritical operating
range obtained with the bypass located on the bottom of the diffuser for
8 flight Mach number of 2.0 and angles of attack of 3°, 6°, and 9°.

This is probsbly associated with the effects of bypassing the internal
flow. For example, the lower location of the bypass mey elimlnate (or
reduce) separated flow over the lower surface of the internal shell,
whereas bypassing alr from the top may increase the crossflow to the
top and thus accentuate separation on the lower surface.

Iift coefficlents were slightly higher and pitching-moment coef-
ficlents were more positive over the range of flight Mach numbers,
angles of attack, and engine mass-flow ratios with the bypass located on
the bottom of the diffuser, probably because of incremental 1ift result-
ing from turning the bypass mass flow downward at the exit and because
of an effective change in body shape due to the jet (figs. 8 and 12).

‘ I !'i AT
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At a flight Mach number of 2.0 and a nominal angle of attack of 0°
(actual angle ebout 0.4°), the 1lift coefficient, compared with results
obtained without bypasses, was increased 0.02 with the bypass on the
botton of the diffuser and decreased 0.015 with the bypass on the top.

Other small performasnce differences between top and bottom loca-
tion of the bypass exist over the range of conditions lnvestigated;
however, no other consistent trends are evident.

The schlieren photographs in figure 13 indlcate that the jet from
the bypass was discharged behind an oblique shock wave (similar to the
exit flow from a sonlc symmetrical nozzle), and further, that the boun-
dary lsyer of the body had been displaced in & vertical direction by
the jet, & phenomensa which was also cobserved in reference 5 where the
Jjet was discharged normal to the surface. Iosses attributed to the
oblique shock could be reduced by designing the bypass nozzle to re-
expand to the local exlt conditions. Mixing phenomena of the Jet,
boundary leyer, and local stream are believed to be similar to those
discussed in reference 5.

Comparison With Previous Results

In an actual installation or application of a bypass system, the
amount of mass flow bypassed would have to vary in order to maintaln
critical inlet Plow over a range of engine mass-flow reguirements.
This could be accomplished by varying the minimum area of the bypass
or by varying the number of open fixed-area bypasses; in either case
the sonic discharge srea would be a variable. Therefore, the critical
inlet flow data obtained in this investigation, with two bypasses
(ref. 2), and without bypasses (ref. 1) represent three design points
which, considering first-order effects, define an envelope curve for
the operating characteristics of a variable mass-flow bypass system.
A comparison of these data is shown in figure 9.

At the design point of the bypass (critical inlet flow, Mg = 2.0,
o o= Oo), the increase in drag attributed to bypassing 14 percent of the
maximum mass flow ceptured by the inlet is only 20 percent of the
additive drag that would result from equivelent mass-flow spillage
behind an inlet normal shock. In reference 2, 23 percent of the
critical mass flow was bypassed and the increase in drag was also

20 percent of the corresponding additive drag. At flight Mach numbers
of 1.8 and 1.6, drag coefficients at critical inlet flow are somewhat
higher than those obtained with two bypasses. This apparent discrepancy
mey be within the accuracy of measurement of the comparatively small
force differences. Additional contributing factors are the small com-
putational error in mass-flow ratio and the difficulty of accurate
definition of the point of criticel inlet flow.

YOy S .
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Diffuser total-pressure recoverlies were sbout equal to those
obtained with two bypasses (ref. 2) and slightly lower than those
obtained without bypasses (ref. 1).

Comparisons of the thrust-minus-drag coefficients (thus including
the net effects of pressure recovery and drag) indicate that maintaining
critical inlet conditions by means of a bypess ilncreased the net force
on the model in the flight direction about 4 percent over that obtained
with inlet normal-shock spillage at a flight Mach number of 2.0
(fig. 9(b}). Further comparison at critical inlet flow indicates a
monotonic increase in thrust-minus-drag coefficlent as the bypess mass-
flow ratio is increased (by addition of one and then two fixed-area
bypasses to the baslc inlef model) at flight Mach numbers of 2.0, 1.8,
and 1.6. This increasse in thrust-mlnus-drag 1s the net result of
increased diffuser thrust and the drag rise due to bypassing (diffuser
thrust increases because the diffuser-discharge Mach number decreases as
the engine mass-flow ratio is decreased). The increase in diffuser
thrust 1s the primary cause of the increase in thrust-minus-drag since
the change in bypass drag 1s comparatively small.

Application of the bypass 1s not necessarily restricted to main-
taining critical inlet flow conditione. The amount of mass flow in
excess of engine requirements can be proportioned between normsl-shock
and bypase spillage and higher thrust-minus-drag coefficients compared
with those attainable with normal-shock spillage alone can be obtalned;
however, this may not be so efficient as operation at critical inlet
flow.

CONCLUDING REMARKS

Diffuser total-pressure recovery, bypass mass-flow ratio, and drag
coefficlent were not significantly affected by vertical location (top or
bottom) of the bypass over the range of angles of attack, flight Mach
numbers, and stable engine mass-flow ratios investigated. For angles
of attack from 3° to 9° at a flight Mach number of 2.0, a larger stable
subcritical operating range was obtained with the bypass on the bottom.
Over the range of angles of attack and flight Mach numbers investigated,
the 1ift coefficients were higher and pitching-moment coefficients more
posltive for the bottom bypass locatlon.

At a flight Mach number of 2.0, the bypass discharged sbout 14 per-
cent of the full-stream tube that entered the inlet with a drag increase
of only 20 percent of the additive drag that would result for equivalent
spillage behind an inlet normal shock. Diffuser total-pressure recovery
was not significantly reduced compared with results obtained without a
bypass. i

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohlo .
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TABLE I - COORDINATES

~m

Centerbody Cowling
Station, | Radius, Station, | External | Internal
in. in. in. radius, radius,
in. in.
-2.86 8o
-.2 . 81.24 o} 2.671 2.671
0 1.32 .015 2.686 2.656
.1 1.36 .5 2.79 2.73
.2 1.39 1.0 2.89 2.80
.3 1.42 1.5 2.97 2.86
A4 1.45 2.0 3.04 2.92
.5 1.48 2.5 3.11 2.98
.8 1.56 3.0 3.186 3.03
1.0 1.61 4.0 3.25 3.12
1.5 1.73 5.0 3.32 3.20
2.0 1.84 6.0 3.38 3.25
2.5 1.92 7.0 3.42 3.30
3.0 2.01 8.0 3.45 3.33
4.0 2.14 8.67 3.47 3.35
5.0 2.24
6.0 2.31
7.0 2.37
8.0 2.42
9.0 2.44
10.0 2.46
12.0 2.46
14.0 2.44
16.0 2.40
18.0 2.32
20.0 2.19
22.4 2.03
24.0 1.95
28.0 1.75
32.0 1.61
37.1 1.50
46.9 1.50

8Region of 25°-half-angle cone.

P N\ L

918¢



- 2816 S

A

Dotail A r Bupport ’m7 . T x %
Wg{({//////// — WJ

< \\yk\\\\\\\\\\*\\\\\\\7 NN\

- EETANY

e o

-3Z

® _
\‘%“A N R N
L BN I WL W O . v 4
T AL LSS S 4 TN //),}\
W SN SAVN A NS INE SN
& 3 , “T?%
Station 0 T aedier of momets Station 32.00 Station 36.7 Station 46.9 e ontrol
Coz% purvey plane plug
=3
E.BB-I- 8. I_ Btraight tapered section
E‘Ejgetion | 1° £7.5' with horizantal "1
8.7 -
I
Approximately C,015 rad.
F=y—
2,571 rad.

L= L \&

Ssction A-A Bection B-B

SR

Figura ), - Schematlc disgren of alsvation view of model. (ALl dimensions ers in inches.)

62V2SH WY VOVN

1T




R

4

. Aoy

el

e i
[ — e .;
Pl - _ - - _A
1.0
et
//‘I T
4 L/
]
)
-
2
p! E
§ 6 A
3 7
o Vy
H yd
§ 1
g =
e
2 | 1
o .1 .3 4 .5 .6 .7 .8 .9 1.0
Axial-distance ratio, x/L

Figure 2. ~ Subsonic-diffuser area variation.

918z

b ;V“.ﬂm-

62VeSE WL VOVH



2816

ZOH WH VOVN

[4s)

Figure 5. - Photographs af bypessa. 5"




B r>Dr—™E — F
p 3 y z |(Flow | l 1 I
area
0 |3.6310.94 |3.50 / T
.2 |z.20] .788]2.82 \]
.4 |3.18| .712[2.40 f——
.6 |3.08| .680|2.22 A A
.8 |3.02) .827|2.03 19.2
.9 |z.02| .818|1.30 1‘ .
1.0 |3.02] .604(1.82 - N
1.25(|3.02| .650|1.97 ¥
1.6413.02] .700l2.07 ; 5.0
o
\‘ 3 ‘__'_/
Staticn.{ | |
32.0 I Lap L Lap LR L0 Lo
{7
g e L
i \\\\\\\\3\\\\\\\&\\\\\\\“‘

S
4k

Section A-A

Sectlon B-B Sectlon C~C Sectlon D-D
Section B-B Section ¥F-F

Figure 4. - Detalls of axlal-discharge bypass. (A11 dimensions in inches.)

¥T

62VESHE W VOVN



z816

NACA RM ES3A29

.3
Mech number,

£ L)
~ (@] 2.0
g a | 1.8
§ 2 2o 1.6
b - = ——Tnlet shock
g instability
g O o S— g\ —0 Iou |
G Oro—=4 = === X N on,al
3 .1 8
g O
&

O -

1.0
mo
~

A
= C 1l
z. . — o e
O

g | 1 E}\
: %
g . o d \ RS
; IR
&
g i
" .7 3
§

.6
L, 3
3
)
g .2 6}? D/DF 2'
) P e
'g .1 — o
= 0
&
A % 4 5 .6 7 .8 -9 : :

Engine mess-flow ratfo, m,/mg

(a) Inlet charmcteristies.

Figure S. - Varietion of inlet characteristics and force coefficienta with mass-flow ratio at
zero naminal angle of attack for renge of Mach nunbers.

Model with bypass cn tOp.

15



16

NACA RM ES3Az29

1.1
Q== v fc)\\
1.0 U\{‘
O—_ O . Ei)
) R
L?I 8 I \\ -\ ¥
R O
8 TN \. \
: NN
g .7 \
: X
: g
3 .6
: ]
C
.5 \ -
,. 1
B
Mach number,
.3 o] 2.0
(m] 1.8
4 _ < 1.6
; — = == Inlet shock
El'\ A ; instability
NS
& oI
- .3 P P
i N
g E\\\b\\
8 2 \0\&1
¥ - ~
A
1 él‘% A I"'.

3 4 .5 ] .7 .8
Engine mass-flow ratio, mg/mg

(b) Force coefficients.

Figure 5. - Concluded. Variation of inlet oharacteristics and force cceffliclients with mass-flow
retio st zero nominal sngle of atteck for range of Mach numbers. Model with bypass on top.

9182



3E

2816

NACA RM ES3AZ2S

Mach number,
L)
(@] 2.0

g u 1.8
F .2 e 1.6
= — == — Tnlet shock
) instebility
=
B Ho_—--——O——"OOO
é N o > A e ’Ob
: &
g
i,

1.0
mO
ﬂ-«v _4
5 .9 I
'.5 _’_—-—-‘D————-— > E\
] -
1]
: 3 )
q
: T
z .7
: 3
G
A 1

.5
A .3
z‘f
]
L (d)ﬁ/d#
E-]
E: //o/jﬁ—o—c
g O HO-—[" ]
g e
E .1 o
1
é I ]
A (.33 -4 S .6 .7 .8 .9

Engine mass-flow retio, my/mg

() Inlet charscteristics.

Figure 6. - Veriation of inlet characteristics and force coefficients with mass-flow ratio at

nominal angle of attack of 6° for range of Mach numbers.

[ 1%

Model with bypess on top.

17



18

4
UMD NACA RM E53A29

Mach number,

1.0 ¥

(o} 2.0

0 1.8

O 1.6

~—==—— TInlet shock
— instability
.9 -
o~

0
R \ Y
bl
:, YA
: Al
i WAL

ik

.4 X

Il
. d
. \\

&
I~
Z %\
s N
8
E .2
N -
o vw
.1 1 1
.3 4 .5 .6 .8 .9

7
Engine mess-flow retio, my/mg
(b} Force coefficients.

Figure 6. - Concluded. Variation of inlet characteristics and force coefficilents with mass-
flow ratic at nominal angle of attack of 6° for range of Mach numbers. Model with bypess

on top.
DRy
..” e

9182



2816

NACA RM ED3AZE

IS O

_v.._ -
3
(TS
34 L
. .m - b 2o
ﬂ.r.. B.M noeo B.m
59 8
|
04|
|
m
4 L
T L
[ —— \.._
7 O .
9 b y
\
ﬁ ‘—. _.s X
) s- \
Y 4 5
\\n_
/ .
4
T 0f
7 /
! .m
B ]
2 @ < i 2 n 2 0" « -
- a-In ueToL Je00 B3eIp~Snupa- STy I3 “3uerotsyecc Swaq
. -]
1
rd g = )
sl o
) L |
! L \
; \ Y 3
4 e
\
0 \ |
N 1
4 |,
— ?
: 4
b
o |
T 1 ./
— _ [T t.w
] ]
et
B - e =@ 2 = w M o -
Cu/m fopgwa O&\iﬁ H.#I. { equnu
noTJ-usum needig LI9A009d aInagaId-TE10) JIENJITA UOBH &BIeyISTP-J9eNJITE

Lo Ry -

{b) Foree coefficlentn.

{e) Inlet characteristics.

. - Variaticn of inlet characteristics and force coeffislents with wass-flow ratio at nouinal angles of attack of 3° and 9° for Maoch

19

on top.

Hodel with bypass

_a_m



20

Pitching-moment coefficient, Cy

Lift coefficlent, Cj,

o]

NACA RM ES3AZ29

S

Mach number,

2.0

1.8
1.6

Angle of attack,

G,
deg

MOoOMQuUuaaMoO

— ——=——0TInlet shock instabllity

Solid symbols designate

oritical inlet flow
e L
Nt L AR

__——ti-ﬂé.

A,’ '/
- N N df; &
~— <>““___—- | v _—/”A.\
O---i -_r"‘//l?r .
- .
w5 Sl G| | | TR
.3 4 .5 84 .8 . 1.0

.6 .7
Engine mass-flow ratio, my/mg

Figure 8, - Varliation of 1ift and pitching-moment coeffliclients with mags-flow ratio for range of

Mach numbers.

et i

Model with bypass on top, nominal angles of attack, O

., 3%, 89,

and 9°.

9182



2816

" . . .‘
NACA RM E53A29 L\ g ) v oA S

Mach Ref. 1 Ref. 2
number,

8 1:5

——X— Tnlet sgock instability

Solid symbols designate
eritical inlet flow

o
o
[e]
]

My =2.0
Suberitical Supercritical

inlet flow inlet flow

(8]

)—l

Bypans mass-flow ratio, 'b/"O
o
—
¢ 7/

G L
1.
9o— O ——-———0’;‘?:0;.0 | ‘
T e
s it -

.8 == l;‘

or—1° '

Diffuser total-pressure racovery, P;/Fg

.7
.6

L2

2 . / r(? > 4—7L

£ 1 c:%"ﬁlﬂ/ —

€ /

1 /ﬁﬁu:: o |

‘5 <1 -

: oo

o

1

¢ NACA

& o . )

hay 3 . .8 .6 .7 .8 .9 1.0

A Engine wass-flow ratio, mg/mg

(&) Inlet characteristics.

Pigure 9. - Variation of inlet characteristics and force coefficients with mass-flow ratio at
zero nominal angle of attack for range of Mach numbers. Model with bypass on bottom.

3\!. . -t

21



22

T T aCA R BS3AZS

Mach Ref. 1 Ref. 2
number,
2.0 — —_————
1.2 g 1.8 —_— —_———
.6 —_——— —————
—L —~ Inlet shook instability

80lid symbols designate
critiocal inlet flow

nll.l ‘\N
&
o
o ol-- =0 ‘°|1\
$1.0 —{ e
2 ] R
; T =
w9 — T >
% \\\\ L — A ‘.
3 < ¥ =
: oty 1] e
I w
B LN \

. \

.8

.5

.4

3

N3

VE\\
al
o -3 \\O\A\
o
o \\\k
5 N
s \
g -2 \‘\\\\\‘N‘§
: NN
: iy
E 1
NACA
2z 4 : o *

. & 7 .
Engine mass~flow ratio, m/mg
{b) Foroe coefficiente.

Pigure 9. - Concluded. Varlation of inlet characteristice and force coefficlents with mass-
flow ratio at gzero nominal angle of attack for range of Mach numbers. Model with bypass
on bottom.

PYRRY

.

918z



2816

lﬁ{ﬁ fﬁ '

NACA RM ES3A29 3. e NES

n"'f'-;'i.'."i...:"”"{ﬂ&

o

Mach number,

o
0
<

Mg

2.0
1.8
1.6

—-=——= TInlet shock instabillty

X

N
&

14

Bypass mase-flow ratio, m /m,
)

0
1.0
(=]
5 ol
F:: .8 =TT o =3
£ D/‘u‘x
% 0 'I-——"—D’/r jf\
: -l?—\
- L
a | e q
| ot R
: I
3 7
g | \ %,
;
.6
.3

A/O’

\ Pt
o

P =

L -

Diffuser-diacharge Mach number, M4,1

.5 .6 .7
Engine mass-flow ratio, m,/mg

(a) Inlet characteristics.

Figure 10. - Verietion of inlet characteristics and force coefficients with mass-flow ratio at
nominal engle of attack of 60 for range of Mach numbers. Model with bypase on bottom.

23



24

1.0
.9

a .8

&

ry

g

T

A L7

sl

&

Q

£

[]
.6

2

g

ny

;
.5
.4
.3
A

[=]

(=]

P

=}

@

-

3]

bl

L3

G

[}

Q

° e

i
1

" NACA RM ES53A29

Machuomxmher,
e B
1 D///’O' _—\ T 1:3‘&:131111‘.}'
: N o X
NI
T~ 019
NEIEA
A
¥
IR ]
N
I
1
Qs i
TSN
~
TR |
ey
. A

Pigure 10. - Concludead.

bottonm.

Engine mass-flow ratio, m,/my

(b) Force coefficients.

Variation of inlet characteristics and force coefficlents with mess-
flow ratic at nominal engle of attack of 6° for renge of Mach numbers. Model with bypess on

LN

'.:1.9T9?4

'|||_|u|.r|_(I“, o

u| i.+|'\l r

i Bl B

o d st

|



NACA RM ES3A29

Angle of attack,

@y
deg
0 3
A 9
—e=—— Inlet shock
instability
£
£ .2
s
2
£ OF - —0F 10— ae:
3 A M
L] <1 N
a
g
a2
B,
.9
-
.8 - A

]

Diffuser total-preasure recovery, P4/Po

.6
<
=
] .
i gg
g
g A — —-—-—6%
[7] _:/"
g . o LT
% .1 D’_n_/-..
]
:
E 0.5 L .5 .8 .7 .8 .9

Engine mass-flow ratio, my/my
(s) Inlet characteristics.

Flgure 11. - Variation of inlet chargcteristics and force coefficlents with mass-flow ratio at
nominal angles of attack of 3° and 9° for Mach number of 2.0. Model with bypess on bottom.

25



26

NACA RM ES3A29

Angle of attack,

oy
1.1 - deg
. a 3
A g
===~ Inlet shock
instability
1.0 — Ll
U [ —

.
&

iy

ki ,;/rA—\
R R
-4

: \
g .7 N

B X

: L

.5

Drag coefficient, Cp
~
.
A

.3 .4 .5 .6 .7 _ .8, .9
Engine mass-flow ratio, m,/my

(b) Force coefficients.

Figure 1l. - Concluded. Variation of inlet characteristics and force coefficients with mess-
flow retio at nominel angles of attack of 3° and 9° for Mach mmber of 2.0. Model with
bypess on bottom. .




NACA RM ES53A29

27

4
A 1 T /- W
B !
&
o &3
FE)
5
"t
B - E o -
& L
§ .2 -’-
L]
8
B
5 =
-
g —
]
="
A A yal
4 o g S N eres
0 T
Mach Angle of Ref. 1
number, attack,
.6 Mg @,
deg
§ 2.0 o = —_—
5 ————. S
8 ‘___ o /_r\
5 % S A p——"" R /\$
. 1.8 0 Rl »
4 [ A
4 1.6 0
N 6
———Tnlet shock instabillty
.4 Solid symbols designate
critical inlet flow
&
o N
g T N N7 &
o v T — [vd a“"‘f
g ° T v 5
o O E‘/ -
8
[
b | 5
.2
/
- o— %D
L
.1
(o] e -
' . ) - .
o i ’
3 4 .5 - «8 .T A .8 1.0
Engine mass-flow ratio, m‘i/mO

Figure 12. - Variation of 1ift and pitching-moment coefflclents with mass-flow ratlo for a range
of Mach numbers. Model with bypass cn bottom; nominal angles of atteck, 0%, 3°, 6%, and §°.




28

NACA RM E53A29

C-31885

(o) .@ = 99; bypass on bottom; mdmo = 0.81; Pg/P; = 0.18.

Figure 13. - Sohlieren photographs of bypass discharge at Mach mmber of 2,0.
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