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o ‘ SUMMARY

>

Eﬂe ef?ect of missile armament on the performance of an interceptor-

type alrcraft model hss been determined at Mach numbers 1.5, 1.7, and
1.9 and at sngles of attack to 19°. With this configuration missiles
were carried in a bay located on the bottom of the ailrcraft fuselage and
mounted to a rotatable missile door. Rotation of the door then brought

the misgsiles into the external or firing position.

The aircraft model was charscterized by trianguler-shaped normal-
shock inlets locsted at the wing roots. Relatively short and curved sub-
sonic diffusers fed simulated twin side-by-side turbojet engines. Inas-
much as the missile bay extended considergbly shead of the inlet station,
rotation of the missile door created considersble disturbance of the

flow entering the 1nlets.

In comparison with the internal missile arrangement, the external

missile configurations increased the model 1ift, drag, and pitching
moment. While the diffuser-exit flow distortion and ststic-pressure
fluctuations were not greatly affected, diffuser total-pressure recovery

was reduced as much as 0.058 at Mach number 1.9 for one missile

configuretion.
The most detrimental effect of missile-door rotstion occurred at
the transient door positions, or with the door halfwsy between the
missiles-in and -out conditions. At this door position the flow into
the inlets was highly asymmetricel. Although the performance of both
left and right ducts was generally reduced, the inlet duct on the cavity
side of the missile door was most severely penallzed, becoming unstable
at relatively low angles of attack and with resulting large pressure-
recovery losses and increasses in flow distortion. The installation of
fuselage fences along the missile bay was only partisgliy effective in

reducing these losses.
Lqu(;ldp¢5£51f\fif)
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INTRODUCTION

The external transport of stores by aircraft causes drag penslties
and possible aircraft trim changee when the stores are dropped (e.g.,
ref. 1). An obvious method of elimineting this drag penelty for a
misslle carrier is to house the missiles internally through the crulse-

" out phase of the flight plan and to expose the missiles externally for

g relatively short time during combat.

In this investigation several missile configurations were housed in
a misslle bay located on the bottom of an interceptor-type aircraft fuse-
lage. The missiles were located on the bay door, which was rotatable
to bring the missiles into firing position. This door extended consid-
erably ahead of the inlet station, so that, with pasrtial door rotation
or with the missiles in firing position, considerable dbstruction to the
flow entering the inlets was possible.

The primary purpose of these tests was to determine the effect of
the missile-door rotation and verious misaile arrangements on the per-
formance of the duct system. Limited drag, 1ift, and pltching-moment
data were also obtalined.

Tests were run in the 8- by 6-foot tunnel at the NACA lewis labora-
tory. Data were Obtained at Mach numbers 1.5, 1.7, and 1.9 and at angles
of attack to 19°.

SYMBOLS
A area
Ag compressor-face area, 0.0782 sq ft
Ai inlet throat arez, 0.0735 sq f't
Ay complete wing area, 5.76 sq ft
Cp drag coefficient, D/qohy
CL, 1ift coefficient, L/qph,
Cm pltching-moment coefficient, ﬁ/@OA#E
c wing mesn aerodynamic chord, 1.28 ft
D drag, 1b )

8eew
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L 1ift, 1b

M Mach number

M pitching moment, f£t-1b

m/ﬁo mass-flow ratio, p;V;Ay/poVohs

P total pressure

AP difference between maximum and minimum total pressure at rake
station

AP/Pav distortion paremeter

LD variation of static pressure at pressure transducer

Ap/pav duct static-pressure-fluctuation parameter

dynamic pressure, lb/éq Tt

v velocity, ft/sec

\ weight flow, lb/sec

¥ height normal to fuselage surface

oy angle of attack of fuselsge, deg

g missile-door position, deg

) ratio of totel pressure to NACA standard sea-level pressure

e ratio of totel temperature to NACA standard sea-level
temperature

p density of air, slugs/cu ft

Subscripts:

av average

g with fuselage fences

i inlet throat

T local

0 free stream

"2 compressor-inlet station
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APPARATUS AND PROCEDURE
Model

A schematlc drawing of the ailrcraft model tested ie presented in
figure 1. Alr to two simulated turbojet engines was supplied through
separate ducting by normal-shock wing-root inlets. The inlets were
slzed for transonic ¢ruise conditlons; and, since no bypass system was
provided, subcritical inlet operation resulted at supersonlc speeds.
The inlets were provided with a conventional fuselage boundary-layer-
removal system consisting of an open-nose wedge diverter beneath the
splitter plate. Alr taken on board through the dilverter system was im-
mediately returned to the free stream by means of an exit on the bottom

of the fuselsge.

As indicated, the model included a portlon of _.the configuration
wing. The incidence of the wing-chord plane was 1° with respect to the
fuselage centerline. . The missile bay was located on the bottom of the
fuselage shead of the inlet statlon. Missiles of the types shown in
figure 2 were mournted to the missile bay door, which was rotatable to
bring the missiles into the external firing position.

Photographs of the model with various missile arrangements and door
positlons sre presented in figure 3. For convenience, a table of con-
fTigurations is listed in figure 4, which schematically shows cross sec-
tions through the model st the missile bay section for typical armament

and door rotations.

Figure S(a), a photograph of the configuration schematically shown
in figure 1, represents the condition of internal missile storage. The
feirings on the missile door are covers fitting over the missile fins.
This photograph then represents the A; r configuration at $ of 0°.
Without the missile fin covers and fuselage fences the configuratiaon

would be identical to "Ag. The same missile arrangement but with mis-
siles rotated 180° to the firing position 'is indicated in figure 3(b).

In order to rotate the mlssile door so that the missiles are put in
firing position, the door must pess through the intermediate position
indicated in figure 3(c). The direction of miseile door rotation 1s

shown in figure 4(a).

The alternate missile arrangement using type II missiles 1s shown
in figures 3(d) and 4(c). For this missile arrangement the model was
tested only with the missiles in the firing position (8 of 180°).

The variation of diffuser flow asrea for one duct is presented in

figure 5. The slight internal contraction from the inlet lip to the
inlet-throat station is neglected in this figure.

'
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The balance (fig. 1), with balance center at fuselage station 48.39
end water line 9.38, measured two 1ift components and one drasg component.
Internal forces and base pressures were subtracted from the balance resd-
ings so that 1ift and drag coefficients represent external forces only.
The center of momente was tsken at station 49.27, or at 28.57 percent of
the wing mean serodynamic chord. All force coefficients were based on
the complete wing srea of 5.76 square feet, although the tests were run
with the stub wing. Forece results therefore do not represent ahsolute
airplane forebody values but are useful in determining force-component
changes with various miesile srrangements.

Instrumentation

Duct totel-pressure recovery wes determined wlith area-weilghted
Pitot-static rskes at fuselage station 50.09 in both left and right
ducts. Inlet mass flow was remotely varied with exit plugs and was cal-
culated from static-pressure messurements gt station 61.39 assuming
choked conditions at the exit plugs. Silgnals from pressure transducers
were photogrephed on film for determination of duct instsbility. These
trensducers were located on the inboard duct walls (fig. 1).

Flow conditions shead of the iniet and at the inlet-throat station
were determined with the instrumentation shown in figure 6. The fuselage
boundary layer and the flow ahead of the inlet face were determined with
rekes and wedge bars, respectlively, shead of the left side inlet. Simul-
taneous flow surveys at the throat of the inlet were determined by rekes
mounted in the right inlet. The boundary-layer rakes and wedge bars
were mounted on rotatable pads. Rotation of the pads was necessary to
maintain flow attachment on the wedge bars ss the model angle-of-attack
renge was changed.

Procedure

With a given missile arrangement, the model was run through the
range of angle of attack, door position, and Mach number. All data re-
ported herelin were taken for corrected engine weight flows corresponding
to 35,000-feet altitude for a current two-spool turbojet engine oper-
ating at military power. Inlet mass flow 1s not used as a plotting varl-
gble in this report. However, the inlet mass Fflow for any data point
may be obtained from figure 7, which presents the relstion between duct
over-gll pressure recovery and inlet mass-flow ratio at the englne match
conditions. This mass-flow ratio represents the ratio of the inlet mass
flow to the mass flow through an srea equivslent to the inlet-throat
areg at free-stream conditions, or

o PiVily
Mo PoVghy
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Owing to excess model blocksge at angle of attack, tests could not be
conducted at Mach 1.5 at angles of attack greater than sbout 10°. Force
data were obtained only for angles of attack up to 8° because of balance
failure. Owing to the esymmetric flow conditions at partisl door rota-
tions, the missile door was rotated through 360° to complete the survey
of the flow conditlions at the inlet.

RESULTS

1234%4

Force Measurements

Effecte of missile armament and missile-door rotation on model
force and moment coefficients are summarized in figure 8. In comparison
with the unarmed vehicle Ay, all armament additions caused noticeable
incresses in model 1ift and drag forces. The drag coefficient was in-
cregsed as much as 0.003 and the 1ift coefficient as much as 0.030 by
door rotation from the missile-1n condition in the angle-of=attack range
investigated. (Force components for the A5 configurations were not

appreciably different from those for the Al configuration at £ of

180° and therefore are not presenmted.) It will be noted that even the
addition of the missile covers to the door (configuration -1

B = 0° compared with Ag) caused some drag and 1ift increases.

Nose-up pitching-moment increases were small, and 1t sppears that
changes in static pltching stability dcﬁ/acL would be small for any of -
these armament configurations.

Effect of Armament on Inlet-Duct Performance

The duct performance of all configurations is summarized in figures
9. Performance parameters lnclude the over-gll. duct pressure recovery,
flow distortion st the compressor iniet, and the duct statle-pressure
fluctuation, each plotied as & function of angle of attack. Data for
the - % configuration for which the missile door was rotated are cross-

plotted against door poslition B in figure 10.

There was ususlly some flow dissimilarity between left and right
ducts even when the configuration was symmetrical. This dissimilarity
wes particularly noticeasble at Mach number 1.9 for B = 0° (fig. 9(e)).
An exemination of the model revealed no significant differences between
the left and right ducts, and hence the reasons for this dissimilarity

sre not known. .

It will also be noted in figures 9 and 10 that occasionally the
static-pressure fluctuations are shown by dashed curves. These represent .
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extrapolations at low values of the parameter for which no dsta were
taken. o '

An examinstion of the data of figure 9 indlcates that, generslly,
for symmetrical external flow conditions (B = 0° or 180°), the duct per-
formence parameters varied only slightly for angles of attack up to about
11° or 12°. For lsrger angles of sttack, however, the inlet recovery
dropped repidly whille the distortion and static-pressure fluctuation
increased. When the missile door was at 90°, the angle of attack st
which the duct performance suddenly deteriorated (hereafter termed the
criticel angle of attack) was reduced. For exsmple, at Mach 1.7 for
the Al configuration, the critical sngle of attack was decreased about

2° for the right duct and sbout 6° for the left duct (fig. 9(ec)). At
Mach number 1.9 a similar comparison gives sbout a 7° decrease for the
right duct and about 11° for the left duct (fig. 9(f)). In addition,

at Mach 1.9 the left duct operated at considersbly lower recovery than
the right duct. Examination of figure 4 shows that for B = 90° the
missiles were next to the right-side inlet, and the cavity caused by
door rotation was on the left side. Hence, the inlet on the cavity side
of the missile door was more severely penalized by missile-door rotation.

For angles of attack less than the critical wvalues the differences
in duct performance between the various missile configurations for 8
of 0° were generally smsll, since externally the confilgurstion was
changed only by the addition of missile fsiring covers or fuselage
fences. The peculiar right-duct performance at Mach 1.9 is an exception
to this genersl observation. With the missiles rotated into firing po-
sition (B = 180°) a considersble difference in the duct total-pressure
recovery was noted between configurations, although again there were no
mejor changes in dlstortion level or static-pressure fluctuations. The
least loss of pressure recovery (sbout 0.0l) in comparison with the un-
ermed configuration occurred with configuration A; (see figs. 9(4) and

(g)). For configurations A; or Al,f these pressure-recovery losses

were as high as 0.034, 0.046, and 0.058 at Msch numbers 1.5, 1.7, and
1.9, respectively (figs. 9(a)}, (d), and (g)).

For angles of attack greater than the critical values, large dif-
ferences in duct pressure recovery, distortion, and buzz occurred among
armesment configurationg. The results showed very little consistency.

At Mach 1.7 for B = 0° (fig. 9(b)) the sddition of fuselage fences in-
creased the critical angle of attack from 11° or 12° to sbout 15° or 18°.
For B of 180° the use of fuselage fences was éither ineffective or
detrimental (fig. 9(d)). A%t the transient door position of 90° the fuse-
lege fences improved somewhat the pressure recovery and flow distortion
of the left inlet at the higher angles of attack but proved inconsistent
in reducing the static-pressure fluctuations (figs. 9(c) and (f)).



8 U NACA BRM E57Alls

The effects of door rotation on duct performance may be more easily
observed in figure 10, where the previous data are replotted agsinst
door position B for configuration Al' (Data for intermediate door

positions at Mach 1.5 previously omitted are included in these plots.)
In genersal, the effect of door position on duct performance ilncreased
as the Mach number and angle of attack increased. The intermediste door
position of 90°, in general, produced the largest flow dlstortions and

static-pressure fluctuations.

At angles of attack below 11° the flow distortions and static-
pressure fluctuations for missiles-out were not greatly different from
the missileg~in results. The duct pressure recoveries, however, were
consistently lower for the migsiles-out data.

Fuselage Boundary-Layer Survey

In an attempt to understand some of the foregoing results, the flow
immediately shead of thé left inlet was surveyed with the instrumentation
of figure 6. TFor door positiocns of 0° or 180° the flow wes assumed to
be asymmetricsel, and hence the results apply to the flow entering elther
inlet. For the door position of 90°, however, the flow survey represents
data for the cavity-side inlet. A corresponding door position of B of
270° was therefore tested in order to determine the flow conditions
ghead of the missile-gide inlet. Typical total-pressure profiles and
flow deflection angles immedliately ahead of the inlet are presented in
figures 11 and 12 for the Al configuration for several door positions.

Occasionally the data are extrapolated at the larger angles of attack.
These extrapolations represent conditions for which attached supersonle

wedge flow datas were not obtained.

An examinstion of the total-pressure profiles of figure 11 indicates
large differences 1n the vicinity of the fuselage surface due to missile-
door rotation. When the missile door was rotated 90° the boundary layer
thickened noticeably on the cavity side of the door, with the result that
larger smounts of boundary lsyer entered the inlets. (The approximate
boundary-layer splitter-plate height is indicated on the ordinate of
fig. 11.}) The effects of door rotation on the missile-side inlet pro-
files, however, were rather small by comparison for the range of angle
of attack studied. This thickening of the fuselage boundary layer on
the cavity-side inlet therefore partially explains i1ts reduced perform-
ance. Bomewhat thicker boundery leyers were slso measured for B of
180° in comparison with the O° door position, particularly at high angles
of attack. The profiles for configuration Ay were essentially the

same &8 for Ay at B of 0° end hence are not presented.

|Cey
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Typical local flow deflections at the inlet station are presented
in figure 12 for Mach mumbers 1.7 and 1.9. The data show that, in gen-
eral, the local flow deflection increased more rapidly than the angle
of attack. (This is a typicael result of crossflow.) In addition, the
highest flow deflections were measured consistently with the lower wedge
bar. As with the totel-pressure proflles, large differences in flow de-
flections were noted between the various configurations, the largest

deflections being observed with the B of 90° configuration.

Local Mach numbers ghead of the inlet were consistently lower than
the free-stream values. Average Mach number decrements were about 0.05
and 0.10 at Mach numbers 1.7 and 1.9, respectlvely The least Mach
nunmber reduction occurred with the 180° door position, while the largest
reduction occurred on the cavity side for 90° door rotation. Inasmuch
as these data do not assist in analyzing the resulis, they have not beewn
plotted for this report.

Total-Pressure Contoure at Enlet Throat and Diffuser BExit

Typical total-pressure contours at the iniet throat and compressor-
inlet station are presented in figure 13 for the Al configuration at
Mach number 1l.7. Although data for the two rake stations were not taken
simultanecusly, each set of data represents very nearly the same inlet
operating condition.

Data are presented for door positions of OO, 900, and 180° for
angles of attack from 2° to 19°. At low angles of attack the lowest
total pressure at the inlet throat was measured on the inboard inlet
side about halfway between the upper and lower inlet corners. This re-~
sult is believed to be due to the thicker fuselege boundary layer in
this location (see fig. 11). As the angle of attack was increased, the
general level of recovery at the throat began to decrease, with & very
rapld decrease occurring in the lower inboard corner. For B of 0° the
lower inboard corner had completely filled with separated air for angles
of attack greater than 11°. Similar results were observed for the other
door positions, although the angles of attack st which the Fflow separa-
tions occurred were considersbly lower for door position 90°. The occur-
rence of this separation st the inlet throat may logically be assumed to
be the cause of the pressure-recovery losses and large increases in dis-
tortion previously noted st the compressor inlet.

The bregkdown of inlet performance at the higher angies of attack
mey thus be related to a flow bresksway In the lower inboard corner of
the inlet. This conclusion is in agreement with the flow survey dats
of figure 12, which showed large flow deflections with the lower survey
reke. The addition of missiles to the lower side of the fuselage ap-
pears to aggravate this condition by increasing the amount of boundary
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leyer entering the inlets (fig. 11) and by increasing the local flow
deflections. It is not clear, however, why the fuselsge-fence config-
uration (Ai,f) was nhot consistent in improving this condition.

Concluding Remsrks

The breskdown of performance for the unsrmed configurations at high
angles of attack appears to result from adverse effects of body cross-
flow, which caused separstion at the inlet throat. Redesign of the
lower inbosrd lip or the use of boundary-layer suctlon in this region
could feasibly improve the performence at high angles of attack.

The most severe performance penalties occurred for the intermediate
miasile-door position (B = 90°). Inasmuch as the missile door may be
rotated on an actual alrplane from the missiles-in to the misalles-out
conditlion in a matter of seconds, the true import of these performance
penelties cannct be evaluated herein. The most serious result of
missile-door rotation on a tactical airplane would be the poseibility of
engine surge or stall due to the poor flow profiles entering the com-
pressor, ceausing afterburner blowout. Such an evalusation could be
carried out only by flight testling.

The data selected to be présented were obtained for corrected engine
welght flows corresponding to an altitude of 35,000 feet, resulting in
subcritical inlet operstion. Actually, test data were taken for a
range of weight flows bracketing the deslred values. It was consistently
obgerved that the criticel angle of attack was increased as the corrected
weight flow was increased (inlet operating at higher mass-flow ratio).
This result, then, Indicates at least two possible methods of reducing
the observed effects of missile armament on the duct performance: (1)
the use of smaller inlets or (2) the use of a bypass shead of the com-
pressor station.

SUMMARY OF RESULTS

The effects of missile armament on the performance of an Interceptor-
type aircraft have been determined st Mach numbers 1.5, 1.7, and 1.9
and at angles of attack to 19°. The aircraft was characterized by
normal-shock wing root inlets feeding twin turbojet engines through
rather short and highly curved subsonic diffusers. For this configura-
tion, missiles were carriled Internally in a missile bgy located on the
bottom of the fuselsge, which extended considerably ahead of the inlets.
Rotation of the missile door through 180° then brought the missiles into

firing poslition.

123
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All data were tsken for corrected engine welght flows corresponding
to a 35,000-foot altitude for a current two-spool engine opersting at
military power. The effects of missile srmament and door poslition may
be summarized as follows:

1. With the clean or unarmed airplane, operation at angle of attack
was generally limited to sbout 11° or 12°. Beyond this range the inlets
became unstable and duct pressure recovery decressed rapldly while flow
distortion increased rapidly. This sudden decrease in performance
appeared to be associated with the onset of £low separsastion at the inlet
throat. : _

2. When the missile door was rotated so that the missiles were ex-
ternal, duct distortion end flow Tluctustion at angle of attack were
changed only slightly from the clean configuration. Duct pressure re-
covery was reduced, however, a&s much as 0.058 for one missile config-
uration at Mach number 1.9. The least change in pressure recovery was
gbout 0.0l with another configuration.

3. The largest performance losses occurred when the missile door
was positioned halfwsy between the missiles-in and missiles-out con-
ditions. With this door location, flow into the inletis was asymmetricel.
Although the performance of both ducts was generally reduced, the inlet
duct on the cavity side of the misslle door was most severely penalized.
Rotation of the miseile door caused the cavity-side inlet to become un-
steady at relatively low angles of attack, with resulting large pressure-
recovery drops and incresasses in flow. distortions. The instellation of
fuselage fences reduced these effects onmly slightly.

4, In general, rotation of the missile door increased the drag,
1ift, and pitching moment of the configuration. The drag coefficient
wes increased as much as 0.009 and the 1lift coefficient as much as 0.030
for the intermedlsaste or missiles-out configuration in comparison with
the clean airplane.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronsutics
Cleveland, Ohioc, Jamuary 18, 1957
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(c) Configuratiom A; . at § of 270°. (8) Comfiguration A, et B of 180°.
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Figurs 5. - Photographs of model with typical missile arrangements and missile-door positioms.
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slle door
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(f1g. 4(c)) silles (fig. 2(b))
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- Figure 4. - Missile arrangements and dodr positions.
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